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INTRODUCTION.

Engineering Works being usually of a public character,

naturally excite a general interest throughout the community,

the extent of which feeling is commonly commensurate with

the novelty, the magnitude, and the utility of the perform

ance. Thus, a railway, a harbour, a lighthouse, a dock, or

a bridge, regarded as subservient to public convenience, is

watched with public anxiety, and its completion becomes an

occasion of public gratulation. Such a work is therefore a

peculiarly suitable subject for one of a series of Rudimentary

Volumes, dedicated, in their several features of style, size,

and price, to the use of a largely-extended circle of readers

and students. And it must be admitted by all that the works

which form the main subjects of the following pages have

claims of nearly unprecedented amount upon our attention,

being new, great, and useful in a pre-eminent degree.

The application of wrought iron to the purpose of bridge-

building truly constitutes a new branch of the art, and is,

as already proved, susceptible of modifications of form and

construction, far more efficient than those of the cast metal.

A perfectly horizontal and rigid roadway or railway, 460 feet

in length, and having only 3 feet of depth below it, could not

be obtained by any other known arrangement of parts than

that herein illustrated ; and with these successful examples

before us, the task of future designing is facilitated to an

incalculable extent. For smaller spans the depth of construc

tion may be still further reduced, as shown in the splendid

bridge over the Trent, described in this volume ; and for the

particulars of which we take the pleasure of expressing our

obligation to Messrs. Fairbairn and Sons, who have also



Vlll INTRODUCTION.

rendered us much other valuable aid throughout this little

work, and thus furnished another proof of their known

liberality in acquainting others with the useful and often

costly results of their own extended experience.

It is seldom that the invention of works of new design and

skilful mechanical arrangement is due entirely to one mind,

any more than their construction is due to one pair of hands :

hence great difficulty arises in assigning to each contributor

his fair share of merit in their production. It must, however,

he admitted, that to Mr. Robert Stephenson alone we are in

this instance indebted for the original suggestion ; and, with

this admission, we have endeavoured to avoid any attempt to

judge of the precise claims of the two eminent men whose joint

labours have produced the Conway and the Britannia Tubular

Bridges. That these great works owe their design and con

struction to these joint labours is clearly evident, and, we

respectfully submit, amply sufficient to justify the record of the

two names of ROBERT STEPHENSON and WILLIAM

FAIRBAIRN in an honourable and enduring association.

In order to give a glimpse at the experience which had been

had in Iron Bridge-building prior to the use of the malleable

material, and to show the defects which this was designed to

obviate, a brief sketch of the history of Iron Bridges is pre

fixed. This is followed by a notice of former applications of

malleable iron, with the view of bringing up the sketch to the

period at which tubular girders were first used. The descrip

tion of the works of Telford upon the Holyhead Road is

introduced on account of the generally interesting character

of those works, and the absence of any account of them within

the reach of ordinary readers. While exalting the names and

works of our own time, wo can readily afford to acknowledge

the claims of those of a preceding age.



TUBULAR, GIRDER, AND OTHER

IKON BRIDGES.

SECTION I.

Sketch of the History of Iron Bridges—Cast-Tron Arched Bridges—

Cast-Iron Girder Bridges— Cast-Iron Compound Girder Bridges,

trussed with Malleable-Iron J Jars.

The employment of iron as a material in the construction of

bridges is of comparatively modern date. Seventy years have

scarcely elapsed since the first iron bridge was constructed in

England over the river Severn, and near to Coalbrook Dale■

This bridge was built by Darby, and consisted of five ribs of

cast iron, supporting perpendicular spandril pieces of the

s.ane material, and upon which the roadway is carried. The

arched ribs are nearly semicircular, having a span of 100 feet,

and a rise or versed sine of 45 feet. The arches spring at a

height of 10 feet above low-water level, and the clear height

up to the soffit of the arches is therefore 55 feet. At the

time of its construction this bridge must have been duly

regarded as a bold and successful work, and its form is well

adapted to the high banks of the Severn at the place where

it crosses. The design appears to have originated with

Mr. Pritchard, an architect, of Eyton Turret, in Shropshire,

who, in the year 1773, suggested the practicability of con.

structing large iron arches, capable of admitting navigation

beneath them.

In the year 1787, Thomas Paine, the political writer, pre.

sealed to the Academy of Sciences at Paris a model of an

B
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,

iron bridge which he had invented ; and during the greater

part of the following year he resided at Rotherham, in York

shire, where a bridge, said to have been chiefly of wrought iron,

was constructed under his direction by Messrs. Walker, the

celebrated iron-founders of that place. This pattern bridge was

exhibited in London, and intended for erection in America,

but it was subsequently taken to pieces at Rotherham.

In 1790, Mr. Rowland Burdon designed a cast-iron arch

for the river Weir at Sunderland, and, in 1792, obtained

an Act of Parliament for erecting such a structure. Mr.

Burdon's peculiar plan of construction, for which he obtained

a patent, September 18, 1795, consisted in "a certain mode

or manner of making, uniting, and applying cast-iron blocks,

to be substituted in lieu of keystones, in the construction of

arches." In this way the patentee proposed to retain the

common form and principles of the old stone arch. The

Sunderland bridge, as constructed according to this inven

tion, consists of six ribs, 200 feet in span, and having a rise

of 30 feet. The total height from low-water level to the

soffit of the arch is nearly 100 feet, and the whole structure

is distinguished by peculiar elegance and boldness of design.

The six ribs forming the arch are placed parallel to each

other, and at a distance of 6 feet apart. Each rib consists

of 105 separate blocks or castings, 5 feet in depth, connected

together with bars and cotters of malleable iron. The ribs

are braced together with cast-iron tubular braces and struts.

The spandrils are filled in with cast-iron circles, meeting at

their peripheries, and supporting the roadway, which is

formed upon a strong timber frame, planked over, and

covered with a mixture of chalk and tar, upon which a layer

of marl-limestone and gravel is laid. The width of the

bridge is 30 feet, and the abutments are of stone, founded

on rock, and are 24 feet thick, and from 37 to 42 feet wide.

The iron -work was executed at the foundry of Messrs.

Walker, at Rotherham, and consists of 214 tons of cast and

*6 tons of malleable iron. Mr. Thomas Wilson, of Bishop



Wearmouth, designed the architectural features of the bridge,

and superintended its erection, which was completed within

a period of three years, and at a total cost of £26,000, of

which Mr. Burdon, the projector, subscribed £22,000. In

October, 1816, the bridge was disposed of for a sum of

«630,000 in a lottery, wherein there were 6,000 tickets and

150 prizes, varying in amount from £100 to £5,000 each.

The confined situation of the site rendered it necessary to

erec! the bridge without interrupting the passage of ship3

with their rigging standing, and this was effected by a per

pendicular scaffolding or framing resting upon piles in the

middle of the river, and leaving a sufficient passage on each

side for the vessels. The centre or transverse framing for sup

porting the arch was fixed on this scaffolding, and answered

its purpose satisfactorily. Some time after the centre wag

removed, the arch was found to have moved in a horizontal

direction eastward, forming a curve of 12 to 18 inches versed

eine. This unexpected circumstance, which, if unremedied,

would doubtless have led to the destruction of the bridge,

was very skilfully counteracted by introducing transverse and

diagonal tie-bars and braces, aided by screws and wedges, by

which the whole was ultimately restored to its original posi

tion, and permanently retained in a substantial state. On

July 23, 1802, a patent was granted jointly to Thomas

Wilson and Rowland Burdon, of Durham, for " methods of

Connecting the metallic patent blocks of the said R. Burdon

for constructing arches." ■

Several iron bridges were subsequently erected by Telford,

the first of which was that across the river Severn at

Build was, in Shropshire, consisting of a single arch, 130 feet

in span, and having a versed sine or rise of 27 feet. The

arch consists of three ribs, placed at a distance of 9 feet

»paTt, or 18 feet wide from out to out. These ribs are 3 feet

10 inches in depth, and connected transversely by tie-bars.

The spandrils for supporting the roadway are formed of

vertical bars of cast iron, and the abutments are of stone
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" The two outer ribs consist of two segments of circles, each

struck from different centres, the crown of one terminating

immediately below the roadway, the other at the top of the

parapet, so that the platform forming the roadway is both

suspended and insistent ; the object of this being, it is pre

sumed, to increase the depth of the truss supporting the

roadway, and thus add to the strength of the bridge : but it

was unnecessary, and does not appear to have been adopted

in any of Telford's subsequent designs, which are nume

rous."* Itennie constructed an iron bridge over the Witham,

fit Boston, in Lincolnshire, which is remarkable for boldness

of design and flatness, the rise being only 4 feet, and the

span 100 feet. In construction, this bridge resembles the

Sunderland bridge, but has an improved arrangement of

transverse and diagonal braces, and vertical spaudril pieces,

instead of circular ones.

The largest iron-arch bridge yet constructed is that over

the river Thames at London, and known as the Southwark

bridge, which was designed and erected by the eminent

Ilennie. This splendid bridge, which was opened on March

25, 1819 (the first casting for it having been run on January

1, 1815), consists of three arches, all segments of the same

circle, the centre arch being 240 feet in span, with, a rise of

24 feet, and the two side arches being each 210 feet in span,

with a rise of 18 feet 10 inches. The piers are 24 feet thick ;

the width of the roadway over the bridge is 28 feet ; and the

footways on either side are each 7-feet in width. Each arch

consists of eight ribs, and each rib is formed of fifteen pieces,

which are of such depth that the rib is 6 feet deep at the

crown and 8 feet deep at the springing. The metal is 2\

inches thick in the middle, and 4J inches at the top and

bottom of the ribs. The ribs are connected transversely by

cast-iron tie-braces of the same depth as the ribs, but open in

the centre of each, and in the diagonal direction the ribs are

* Sir J. Itennie's AdJresa to the Institution of Civil Engineers,

Session 1846.
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connected by another series of ribs, so that each arch consists

of a series of hollow masses or vonssoirs, similar to those of

stone bridges: the whole of the segmental castings forming

each arch, as well as the transverse and diagonal tie-braces,

are kept in their places by dovetailed sockets and long cast-

iron wedges, by which the necessity for bolts is obviated.

The spandrils are composed of cast-iron diagonal framing,

and the roadway is formed upon cast-iron plates, resting npou

the spandrils, and joined with iron cement.* The abutments

and piers of the bridge are of stone, built upon platforms of

timber, which rest upon piles, and are surrounded by guard

or sheathing piles driven into the bed of the river. In the

erection of the bridge, the ribs were commenced in the centre

of the span, and continued regularly on both sides towards

the piers and abutments. Upon these connecting and bed

plates were secured in the masonry, and wheu the last seg

ment of each rib was fixed, three wedges of cast iron, each

9 feet long and 9 inches wide, were introduced behind each

rib, and nicely fitted and adjusted to them. These wedgos

are formed with a very slight taper, and were driven simul

taneously with heavy hammers-, so that the arches were

nearly lifted from the centres, which were thus readily re

moved ; and the whole of the iron-work had been so carefully

prepared by Messrs. Walker, of Rotherham, and the masonry

by Messrs. Jolliffe and Banks, the contractors, that when tho

work was completed, scarcely any sinking of the arches could

be detected. By experiments made during the progress of the

works, it was found that the average effect of the expansion

■caused by the summer increase of temperature was a rise of

the arches to the extent of about 1^ inch at the crown, being

* Iron cement, much used in connecting the cast iron plates of which

large tanks or cisterns are often formed, consists of clean iron boiings or

turnings of cast iron, 16 parts; sal-ammoniac, 2 parts; and flour of

sulphur, 1 patt. When used, 1 part of this mixture is added to 20 parti

of clean borings, and sufficient water to reduce the whole to the con

sistence of a paste. This cement dries as hard as the iron itself, and

forms a joint quite impervious to water.
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fixed at the abutments. The weight of metal is recorded as

follows : in the centre arch, 1,665 tons ; in the two side

arches, 2,920 tons ; total, 4,585 tons.

The principle of all these iron-arch bridges is identical with

that of arch bridges of stone and other materials, which derive

their strength and stability by transferring the effect of the

loads placed upon them to the abutments. Two require

ments are therefore, common and indispensable to all of

them, viz. that abutments are obtained of sufficient weight

and solidity to withstand the pressure conveyed by the arch,

and that sufficient height exists for such an arch -like form to

be given to the structure, that the pressure shall be always

safely received at the abutments, and the strength of th« arch

not be in any case wholly dependent upon its depth and

section at that part immediately acted upon by the superin

cumbent load.

When the peculiar properties of cast iron had been studied

with a view to its extended application in buildings, and the

proportions had been correctly determined for beams of this

material, intended to supersede horizontal beams of wood,

their employment in the formation of bridges of limited span

soon followed ; and in the railway works executed during the

last twenty years, we have numberless examples of cast-iron

girder bridges, as we have also of cast-iron arch bridges, of

considerable dimensions and great ingenuity of design and

arrangement. TJie cast-iron girder bridge, depending for its

strength upon the sectional area of the girder at that point in

its length over which the weight or load acts, requires abut

ments to resist vertical pressure only, while the abutments of

arch bridges have to resist the lateral thrust of the arch. In

the cast-iron girder bridge, moreover, the depth of the struc

ture is reduced to that of the section of material due to the

maximum load ; and hence the peculiar applicability of this

form for railway bridges, in which it is desirable to preserve a

linimum distance from the under side, or soffit of the girder,

r- ' vel of the roadway above. But the limitation of span
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for which girders are safely applicable has always restricted

their employment in bridges, and 40 feet has commonly been

considered the maximum length of bearing to which single

cast-iron girders can be safely applied, liable to be loaded

with railway trains or other heavy weights.

The desire to retain jthis convenient form of structure,

however, and to extend its use to larger spans, induced

attempts to combine wrought iron with cast metal in such a

manner as should impart to the compound structure the

superior power to resist extension, which wrought iron is well

known to possess. Malleable-iron bars or rods were, for this

purpose, fitted to cast-iron girders, and thus a kind of metal

trussing was formed, the depth of the truss being limited to

that of the girder. Many railway bridges were erected with

these additions, and were considered safely constructed when

each girder was cast in two or more separate pieces, making

up, when united, the total width of span, and the pieces being

secured together by bolts passing through holes in flanges or

projecting plates cast on the ends of each piece. One of these

cast-iron compound girder bridges, trussed with malleable-

iron bars, erected several years since, to carry the Northern

and Eastern railway over the river Lea, is formed with

girders each 70 feet in length, and composed of two castings,

joined at the centre by bolts passing through vertical flanges.

An additional security of connection is attained by casting

dovetailed projections or bosses upon the meeting ends of the

two castings, and by fixing wrought-iron clips over these

bosses. Each girder, thus formed of two castings, is perfectly

horizontal from end to end, and the top and bottom lines

parallel, the uniform depth being 36 inches ; the bearings

upon the abutments are 2 feet long at each end, and the clear

span between bearings is thus reduced to 66 feet. The section

of the castings is of the approved form, viz. with vertical rib,

aDd projecting flanges at top and bottom. The truss-bars

are arranged in sets, one on each side of the girder, passing

obliquely downward from the top of the girder over the
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bearing at either end, to the under side of the girder, at a

distance o{ about 11 feet short of the centre. This inter

mediate space of 22 feet has horizontal truss-bars passing

beneath, and the horizontal and oblique bars are secured lIy

bolts or pins 3 inches in diameter, passing through projecting

saddles beneath the lower flange .of the girder. At their

upper extremities, these bars pass through sockets cast upon

the girders, and are keyed through them. Each set of trusd-

bars consists of four bars 6 inches wide and 1 inch in thickness.

Another bridge of similar construction and dimensions is

constructed to carry the York and Scarborough railway over

the river Ouse at York.

It is worth while to refer to the great defect of these com

pound constructions, as it points directly to the superiority

of homogeneous fabrics, and, moreover, involves an error in

principle which should always be borne in mind in designing

works of the kind here referred to. This defect consists in

the difficulty, or rather impossibility, of making the two kinds

of iron—cast and wrought—act fully together in bearing the

load. The strength of cast iron depends upon its rigidity ;

for although it possesses the property of elasticity, this cannot

be tasked with safety, and it is well known that repeated

deflections will often destroy a casting which has withstood

previous pressures with apparent impunity. Malleable iron,

on the other hand, applied in the form of truss-bars to cast-

iron girders, is intended to act by the application of its tensile

strength, but the effect of this can only be secured when it

becomes active before the cast girder has suffered any dan

gerous deflection. It is, therefore, indispensable that the

adjustment of the length of the bars during all changes of

temperature shall be strictly preserved—a condition which is

physically impracticable by any known form of construction

or arrangement of parts.

This defect was submitted to a lamentably fatal proof in

the failure of the largest bridge of this kind, erected over thu

river Dee, near Chester, and on the line of the Chester and

\
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Holyhead railway. This bridge, which crosses the Dee at

an angle of 48u, consists of three spans or bays, each 98 feet

wide in the clear, the three series of girders forming the

bridge being supported on two abutments of masonry, one at

either end, and two intermediate piers. The width of the

bridge is formed by four of these girders, placed parallel to

each other, in two pairs, one roadway or railway being sup

ported between each pair of girders, and formed of 4-inch

planking laid upon transverse balks of timber, which rest

upon the bottom flange of the girders. The girders are

secured transversely from moving outward or away from each

other by tension-bars, fitted at the ends to dovetailed sockets,

cast upon the girders. The entire bridge thus comprises

twelve girders, each having a clear span of 98 feet, and a

total length of 109 feet ; that is, including a bearing at each

end of 5 feet 6 inches in length. Each of these girders,

109 feet long, is composed of three castings, or lengths,

having an uniform vertical depth of 3 feet 9 inches. The

dimensions of the section are as follow : vertical rib, or web,

2£ inches thick ; top flange, 7| inches wide and 1£ inch

thiok; bottom flange, 2 feet wide and 2| inches thick. The

sectional area of the top flange, including the moulding, is

equal to 14 square inches ; of the bottom flange, including

the moulding, 66 square inches; and of the rib, 80 square

inches; making a total uniform sectional area of 160 square

inches. The joints of the three castings in each girder,

secured by wrought-iron bolts passing through flanges, are

strengthened by additional cast-iron joint plates, 3 feet deep

at the centre, over the joint, and 13 feet in, length, bolted to

and scarped over the top flanges of the castings, over a length

of 6 feet 6 inches upon each : dovetailed bosses, cast upon the

lower flanges, are also secured with clips of wrought iron.

The total depth of the girders, at each joint, is thus increased

to 6 feet 9 inches. Similar plates, of half the length of those

over the joints, are also bolted over the ends of each com

pound girder ; and the vertical inclination of the truss-bars,

b 3



10 FAILURE OF DEE BRIDGE.

from the top of the girder at each end to the bottom of it at

the joints, is thus increased to about 6 feet. The malleable-

iron truss-bars are arranged in sets of four each, one set on

each side of the girder, each bar being 6 inches wide and

l£ inch thick, put together in lengths or long links, similar

to those used for suspension bridges, and secured by bolts at

the joints of the girders, passing through the cast-iron girder

and the eight wrought-iron bars. The upper ends of the

bars are secured with wrought-iron keys, driven through the

bars and the casting, so as to tighten them well up in their

position. By the great length of the girders, and the com

paratively small depth thus afforded for the trussing, the action

of the bars is reduced to nearly a horizontal direction, and

their power to avert deflection in the girders is thus much

diminished. Besides this, it must he remarked that the sec

tional area of the bars is much less when compared with the

total length of each girder than in all smaller structures on

this principle ; and the relative effect of any increase of tem

perature in extending their length, and -thus reducing the

effectiveness of their assistance, is similarly augmented. The

cause of the failure of one of these girders, which occurred on

the 24th of May, 1847, was variously ascribed to a passing

train having got off the rails, and to an undue loading of the

bridge with additional ballasting ; but the inherent weakness

of all such combinations of wrought and cast iron in bridges,

subjected not only to the action of a dead or merely insistent

weight, but to the vastly increased momentum of a rapidly

passing and vibrating load, is too apparent to allow of any

constant safety in such structures.

We may therefore conclude, that in this last bold experi

ment, the principle of compound cast-iron girders, trussed

with malleable-iron bars, was fully tested to its utmost limits :

and the great necessity of seeking a safer construction for

bridges, in which the minimum of depth should be equally

attained, opened a field for great experiments in engineering

construction.
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SECTION II.

Malleable Iron—its Manufacture into Plates and Bars of different Sec

tions— The application of Iron Elates in the formation of Steam Boilei s

—and of t'latea and Bars in building Ships, Caissons, &e.

The duties of the engineer, as imposed in the highest ser

vices of his profession, are admitted to involve a constant

encounter of difficulties, in order, on the one hand, to sur

mount natural obstructions of the most formidable character,

and, on the other, to adapt such materials of construction as

are within his command with economy and success. But the

exercise of his genius, thus demanded in bold and discreet

design and the skilful application of means, becomes yet more

severe when required in the devisal of remedies for failure,

by which energy and invention are so liable to have been

chilled and prostrated. On this account the name of Robert

Stephenson, in its association with the daring experiment

described in the first section, and the gigantic design so

successfully realised at Conway and the Menai Straits, stands

forth as that of one of the greatest among the illustrious of

English engineers.

Before proceeding to the description of Tubular Bridges

and Tubular Girder Bridges, as composed of malleable-irou

plates and frames, we shall find it interesting to refer to other

structures formed of these materials, and the previous use of

which will help us to understand the history of their appli

cation to the purpose of bridge-building.

The manufacture of iron into the forms of plates, and of

bars of varied section, is effected by a process of rolling be

tween pairs of rollers, by which any required degree of lami

nation may be effected in the production of plates, and an

infinite variety of sectional forms given to bars of the ductile

metal. This invention, in its modern applications, is due to

Mr. Henry Cort, of Southampton, who obtained two patents

for his improvements in the iron manufacture. The first of

these patents is dated January 17, 1783, and the invention is
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entitled " a method and process of preparing, welding and

working various sorts of iron, and of reducing the same into

uses by machinery, a furnace, and other apparatus." The

second patent is dated February 13, 1784, and is entitled " a

new mode and art of shingling, welding, and manufacturing

iron and steel into bars, plates, &c, of purer quality, in

large quantities, by a more effectual application of fire and

machinery, and with greater yield than by any method before

attained and put in practice." These inventions are described

in the 3rd vol. of the " Repertory of Arts " for the year 1795,

and from which the following extract from the patentee's

specification is quoted. After describing his process of pud

dling, Mr. Cort states,—" The whole of the above part of my

method and process of preparing, manufacturing, and working

of iron, is substituted instead of the use of the finery, and is

my invention, and was never before used or put in practice by

any other person or persons. The iron so prepared and made

may be afterwards stamped into plates, and piled or broke,

or worked in an air furnace, either by. means of pots or by

piling such pieces, in any of the methods ever used in the

manufacture of iron from coke fineries without pots. But the

method and process invented and brought to perfection by

me is to continue the loops in the same furnace, or to put

them into another air furnace or furnaces, and to heat them

to a white or welding heat, and then to shingle them under

a forge-hammer, or by other machinery, into half-blooms,

slabe, or other forms ; and these may be heated in the chafery,

according to the old practice ; but my new invention is to put

them again into the same or other air furnaces, from which I

take the half-blooms, and draw them under the forge -hammer,

or otherwise, as last aforesaid, into anconies, bars, half-flats,

small square-tilted rods for wire, or such uses as may be

required. And the slabe, having been shingled in the fore

going part of the process to the sizes of the grooves in my

rollers, through which it is intended to be passed, is worked

by me through the grooved rollers, in the manner in which
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I use bar or wrought iron, fagoted and heated to a welded

heat for that purpose ; which manner of working any sort of

iron, in a white or welding heat, through grooved rollers, is

entirely my own invention." Subsequent improvements have

been applied in the rolling and shaping of plates, and the size

and power of the machinery employed for these purposes

have likewise been considerably extended. As an instance

of the great size of which plates are now rolled, we may

mention some recently made by the Coalbrook Dale Iron

Company, for the bottom plates of steam generators, the

dimensions of which were 10 feet 7 inches by 5 feet 1 inch,

and T7F inch thick.

Bar -iron is produced' by passing bars or strips of the metnl

between rollers, on the peripheries of which corresponding

grooves are cut, so that the space left between the two rollers

when brought into contact, or nearly so, is of the form in

tended for the section of the finished bar. The several forms

in which bar iron is thus manufactured are,—the circular

section, or round or rod iron ; the rectangular section, being

square or flat iron ; the L-section, or angle iron, which is

rolled variously, with sides of equal and unequal length, and

with surfaces parallel or tapering towards each other at the

edges ; the T-section, or tee-iron, having the web and rib of

equal or unequal width, and the surfaces parallel or tapering;

the double T or f^-section, with similar varieties of form.*

Besides these general sections, one or more of which is

* The introduction of the double T or tt-section appeal's to belong to

Messrs. Kennedy and Vernon, of Liverpool, who obtained a patent, dated

April 15, 1844, " for certain improvements in the building or construction

of iron and other vessels for navigation on water." The patentees state,

that while heretofore iron vessels have usually been framed with L-iron,

T-iron, or bar iron, or some modification of these, they claim the intro

duction of iron rolled in one piece, having a flange on one edge, projecting

on one or both sides, for the purpose of strengthening the iron, to be used

for the beams of decks and bulk-heads, and for the ribs or frames of the

sides of vessels. They also claim the introduction of rolled iron with a

rib or flange on one edge, projecting on one or both sides, and a piece or

pieces of angle iron or T-irou riveted thereto.
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applied in most framed structures of plate iron, there are

many other sections prepared for particular purposes, in

cluding small bar iron for forming sashes, and the extended

variety of sections of larger dimensions, rolled for rails, and

used in the formation of railways.

Besides their employment in the manufacture of steam

engine boilers, one of the earliest of the modern application*

of malleable-iron plates was in the construction of ships,—

an art which even yet is still in its infancy, and probably

susceptible of improvements that will aid in obviating the

objections which have been preferred against it by ignorance

and prejudice.

The first iron boat appears to have been constructed by

the late Mr. Aaron Manby, in 1820-21, at the Horseley Iron

Works, Tipton, near Birmingham. This boat, which was

named the ' Aaron Manby,' measured 120 feet in length and

18 feet beam, and when laden drew 3 feet 6 inches water. It

was propelled by Oldham's feathering paddle-wheels, worked

by an engine of 80-horse power, and, when completed, was

navigated across the English Channel by Sir Charles Napier,

and continued plying between Paris and Havre for several

years. About ten years afterwards four iron vessels were

built for the East India Company, by Messrs. Maudslay and

Field : these vessels were designed for navigating the Ganges,

and each was fitted with oscillating engines of 60-horse

power: their dimensions were, 120 feet long, 24 feet beam,

and each drew 2 feet water. Wrought-iron boats, besides

possessing superior strength and lightness as compared with

wooden vessels, are well fitted for the formation of water

tight bulk-heads, which are admitted to give great security

in case of accident.

The method according to which iron vessels are now con

structed will be best exhibited by describing the construction

of one; and for this purpose we select H. M. steam frigate

'Megaera,' just built, and propelled by the screw, for the

Government service, by Messrs- W. Fairbairn and Son»
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The dimensions of this vessel are as follows :—Length be

tween perpendiculars, 196 feet; extreme breadth, 37 feet 6

inches; depth from underside of deck to top of engine-bearers,

24 feet; tonnage (old measure), 1298 tons; horses' power,

300 ; (engines by Messrs. Rennie). The keel is 8£ inches

deep, and recessed for a depth of 7 inches on each side for

the garboard strake. It is 3f inches thick below and 2

inches thick above. The stern is formed by a continuation

of the keel, and of the same dimensions as high as the load

water-line, above which it is reduced to an uniform bar, 6

inches by 1^ inch. The frames are 12 inches apart midships,

reduced to 18 inches apart fore and aft. In midships they

are formed of angle iron. 5 inches x 3 inches x T\ inch;

and fore and aft 5 inches x 3 inches x f inch. The floors

are formed of plate iron 14 inches deep and T7T inch thick,

attached to each of the frames. The centre keelson is 18

inches deep and ^ inch thick, and the sister keelsons on each

side are 14 inches deep and A inch thick. The sheathing

or covering plates are as follows :—Two on each side of the

keel are i£ inch thick midships, and § inch fore and aft :

bottom plates T9ff inch and T8g inch, reduced to ^ inch at the

load water-line. The wells are formed of two strakes of

f-inch plate. The sides, above the load water-line, are of

T7^ inch plate, and of f -inch plate midships ; and f-inch fore

and aft. The riveting is double throughout; the longitu

dinal joints overlap as high as the load water-line, and above

this are worked flush. In the sheathing or covering plates

of iron vessels, which are necessarily weakened at the edges

by the close rivet-holes, improvements have been designed

to compensate for this weakening, by giving an additional

thickness to the plates at the edges. Mr. J. G. Bodmer, of

Manchester, some years ago patented a mode of doing this,

and designed a reversed covering plate to embrace the

thickened edges of the two meeting plates, and thus relieve

the rivets of part of the lateral strain to which they are

exposed. In the ' Grappler,' Mr. Fairbairn adopted sher "
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ing plates rolled with thickened edges, which meet over the

centre of the T-iron ribs, and are riveted to them. The

importance of these thickened edges may be inferred from

the results of experiments on this subject, which showed that

the strength of a joint to resist a direct tearing strain is, if

single-riveted, only 60 per cent, of the strength of the plate ;

and, if double-riveted, 75 per cent. In the plates of the

' Grappler,' the edges are thickened in the proportion of

about 5 to 3 of the body of the plate ; so that the sectional

area through the rivet-holes may be nearly equal to that

through the body of the plate. This thickening also affords '

a great advantage in the external evenness of the sheathing,

by admitting the heads of the rivets to be countersunk, that

is, formed conically, and inserted so as to preserve a flush

surface. The sheathing of the ' Grappler ' is formed as

follows :—In the garboard strake, common plates J inch

thick, in the longest possible lengths, 15 inches broad, and

double-riveted to the keel ; the rest of the sheathing of Mr.

Fairbairn's thick-edged plates, and of the following thick

nesses : bottom plates, T9g inch at edges and f inch at centre ;

lower side plates, J inch at edges and T8ff inch at centre ;

upper side plates, T7ff inch at edges and £ inch at centre.

The rivets are of the best Low Moor iron, and of the follow

ing diameters and distance apart between centres of rivets :—■

for garboard strake, 1 inch, and 9 rivets per lineal foot,

double-riveted; for bottom plates, £ inch, and 6 per foot;

lower side plates, £ inch, and 6 per foot ; and for upper side

plates, $- inch, and 7 per foot, all single-riveted.

Up to the end of the year 1845, upwards of one hundred

British vessels are reported to have been constructed of iron,

with frames or ribs and sheathing plates ; and since that

period, many additions have been made in this application

of malleable-iron plates and frames.

Another similar purpose for which these materials have

been successfully adopted, is the construction of caissons or

floating gates for the entrances to wet docks, or basins of largo
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extent. The longitudinal profile of these caissons is that of

a truncated pyramid reversed, the bottom horizontal line and

the two inclined side lines of the figure forming a continuous

keel, which, when the caisson is weighted by the admission

of water within it, regulated by sluices, fits into a groove in

the sides and bed of the masonry of the entrance, and closes

the communication between the outer and inner waters. The

ejection of the water within the caisson at the time of low

water, and the shutting of the sluices during the rising of

the tide, causes the caisson to rise, and become capable of

floating out of the groove, so as to open the passage. The

central or midship vertical section of the caisson closely

resembles that of a ship, and its construction of frames and

sheathing plates is also precisely similar to that of iron

vessels.

The extended use of plate iron for these and similar pur

poses has induced several improvements in the machinery fur

punching and riveting, a few of which are deserving of a brief

notice in this place, in order that we may comprehend the

state of the art, and the facilities by which its last application

to the great objects of bridge-building was promoted.

The operation of connecting iron plates to the ribs or frame

work of the structure comprises three distinct processes ; viz.

the making of the rivet, the punching of the holes in the two

parts to be connected, and the fixing of the rivet in its place

through the two pieces. Iron rivets are now manufactured in

large quantities, by improved machinery, by which the proper

length of iron is cut off from a rod, and the head accurately

formed in a die. Punching the holes was for many years per

formed with a machine called a " lever-fly," from its construc

tion, one of its principal members being an iron lever of great

length and weight,—the raising of the long arm of which had

the effect of depressing the shorter arm, and thus forcing

down the punch fitted to it with suitable straps, and made to

work truly vertically over the boss and bolster, on which the

plate to be punched is laid horizontally. Improvements in
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mechanical engineering have, however, produced several

superior machines for punching, by which the work is exe

cuted with great rapidity and precision. •

In the course of our description of the manufacture of the

Conway and Britannia Bridges we shall have to refer to a most

ingenious combination of mechanism invented for punching

the plates of those bridges by Mr. Roberts, of Manchester ;

but, in the mean time, we may refer to a clever application

of the principle of the hydrostatic press for the purposes of

punching, riveting, and shearing metal plates, invented and

patented by Mr. Charles May, of Ipswich. The patent is

dated April 15,1846, and entitled, for "improvements in

machinery for punching, riveting, and shearing metal plates."

The mechanism for the purpose of punching holes in metals

consists of a strong frame of iron, shaped like a horse-shoe,

one arm of which is fitted to contain a die, having a hole in it

of the size of those intended to be punched in the plate. This

die is secured in its position in the frame by means of a pinch

ing screw, which also admits of its removal, and the substitu

tion of other dies, according to the size of the intended holes.

The extremity of the other arm is cast hollow, and fitted with

a ram or solid piston, similar to that of an hydraulic press, and

which, in this machine, carries the punch. The ram is truly

turned on its cylindrical surface, and fitted to an annular casing

bored on its inside to fit the ram, and turned on its outside, to

fit the hollow space which is cast in the arm of the frame.

Both the casing and the ram have an annular groove cut in

their external surfaces, and fitted with cap-leathers, to pre

vent the escape of the water when the pressure is applied.

Attached to the hinder end of the ram is a rod, which passes

through a stuffing-box in the frame, and is attached at the

other end to a spiral spring, by the action of which the ram

and the punch upon it are withdrawn when the pressure

ceases. The water is admitted from the pumps to act upon

the ram through an aperture in the iron frame of the machine,

the form of which admits its suspension from a traversing
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crane, and thus being moved about at pleasure. In this case

the plates to be punched will be applied to the machine ver

tically, while the action of the punch will be in a horizontal

direction. The water is forced in behind the ram by means

of two pumps, one of which should be considerably larger than

the other, to bring the moving parts to the plates by a rapid

action, succeeded by the small pump, which produces the

pressure required to force the punch through the metal, and

admits only of a slow movement.

The other parts of the invention comprise suitable means

for riveting and shearing respectively by rams and pumps.

The patentee defines his claim to be, first, the application of

the pressure of a fluid, caused by means of pumps, for the

punching of metals ; secondly, the application of the pressure

of a fluid, caused by means of a pump or pumps, for the rivet

ing together plates of metal ; and thirdly, the arrangement of

a series of hydraulic rams, for the purposes of shearing metal

plates. The slowness of movement of this machinery would,

it must be feared, neutralise the economy of the power, and

render it altogether inapplicable for extended adoption.

The third process involved in the joining of plates or bars

of iron* viz. the riveting, is effected by heating the rivet, oh

which the head is already formed, passing it through the cor

responding holes in the two parts to be united, and hammering

the projecting end of the rivet into a head of increased dia

meter. While this is done by one workman, another strikes a

hammer firmly against the original head of the rivet. As the

rivet cools, its length becomes contracted, and thus tends to

bring the two joined parts closely together. The greatest

improvements yet effected in the process of and machinery

for riveting is that patented by Mr. W. Fairbairn in 1833, by

which invention steam is applied in a most effective manner,

and the operation made susceptible at once of unexampled

rapidity and effectiveness. Subsequent modifications of the

npjiaratus invented by Mr. Fairbairn have been suggested by

other persons, among which may be mentioned, one by Messrs.
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Schneider and Co., of Creusot, in France ; also a later invention

patented by Mr. James Garforth, of Dukinfield, Chester, fcr

the direct application of the expansive force of steam to the

dies for riveting. Mr. Garforth's patent is dated December

10, 1845, and granted for " certain improvements in machi

nery, or apparatus for connecting of boilers, and other pur

poses." The patentee " does not confine himself to the use

of steam pressure, as the direct action of water, air, or any

other elastic medium may be similarly employed without

departing from the principle of his invention. He does not

claim as his invention the exclusive use of the several parts of

the machine he describes, except it be employed for the

purposes of his invention, which consists in riveting metal

plates by dies driven by the elastic force of steam, water, or

other elastic niedram."

The cutting or shearing of iron plates, in order to trim the

edges or fit them for the space they are to occupy, is another

important operation, for which several forms of apparatus have

been produced. Formerly the lever-fly, already referred to as

an instrument for punching holes, was adapted also to act as

shears ; the long arm of the lever being made to pass close to

a fixed arm, and each of them fitted with a long cutterof steel.

Machines of far greater power and efficiency are, however,

now employed for this purpose. To prevent the curling or

buckling which long plates are liable to suffer while being

sheared, Mr. W. V. Wennington, of Staffordshire, patented a

combination of machinery, on July 20, 1846, under the title

of " improvements in, or improved methods of cutting plate

and sheet iron." This invention consists in the combination

of a rotary and continuous horizontal movement. The rotary

movement comprises a circular cutter, set in motion by gear

ing ; and the horizontal movement consists of another cutter

attached to a traversing table, on which the iron plate is laid.

The circular cutter is fixed on one end of a shaft which re

volves in bearings fixed between vertical standards, the bear

ings being provided with regulating screws. The other end
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of the shaft has a bevelled wheel, which may he alternately

geared with each of two bevelled wheels sliding upon keys on

the main shaft of an engine worked by steam or other power.

By this means an alternate rotary motion is given to the cir

cular cutter, while the table, moving on A rails, receives a

traversing motion by means of a rack fixed to it, working

into a cog-wheel keyed upon the shaft of the circular cutter,

and immediately behind it. Each of the bevelled wheels

eliding on the main shaft is thrown in and out of gear with

the wheel on the cutter-shaft by a forked lever acting on a

clutch, which lever is actuated by tappets fixed on the under

side of the table, and thus an alternate backward and forward

movement is given to the revolving cutter, and the traversing

table and cutter.

SECTION III.

First Constructions of Wronght-Iron Plate Girders—Mr. Fairbaim'a

Patent Wrought-Ii on Tubular Girders—Their application to Bridge-

huilding—Bridge on the line of the Blackburn and Bolton Railway—

Bridges of the Liverpool Landing Stage—Great Bridge erected by

Messrs. Fairbairn and Sons, on the line of the Manchester, Sheffield,

and Lincolnshire Railway at Gainsborough.

The first attempts to substitute wrought iron for cast iron,

in the construction of girders, were made by joining plates

vertically with rivets, and attaching a strip of angle iron on

each side, both at top and bottom, so as to form artificial

flanges to give the required strength at these parts. Girders

thus formed, have been used as deck-beams in ships for fifteen

years ; indeed, Messrs. Fairbairn applied them in constructing

floors in the year 1832. Some of these were constructed to

he used in a building erected in 1847, at Portsmouth Dock

yard, and were 41 feet 3 inches long, 2 feet deep in the

centre, and reduced by a parabolic curve on the upper edge

to a depth of 1 foot at the ends. The body of the girder was
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composed of a double thickness of plates, each § inch thick.

Fig. 1. Fig. 2.

'T"

^l
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These plates were each about 6 feet 9

inches long, and so arranged as that their

joints alternated with each other. An

angle-iron was riveted on either side at the

top, making the breadth of the girder over

the top 9 inches ; an angle iron was also

riveted on either side at the bottom, but of

larger dimensions, making the breadth over

the bottom 16 inches ; the rivets were ^

inch diameter. Fig. 1 shows the elevation

of one of these girders, and Fig. 2 is a

section through the centre to an enlarged

scale. These girders were evidently formed

in imitation of the proportions which have

been found desirable in those of cast iron,

the less tensile power of which requires

additional material at the lower part of the

section. Later inquiries, as will be men

tioned hereafter, have shown the non - applic-
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ability of this law to wrought iron when used in this manner.

Experiments tried with these girders, before erection, showed

that a load of 15 tons, applied at the centre of each girder

with the hydraulic press,—the distance between the bearings

being 40 feet 5 inches,—produced a deflection of from 1 inch

to 1J inch ; but on the removal of the pressure, the girders

nearly regained their original form, the permanent set or

deflection being only Jj- of an inch. These girders were,

however, found deficient in lateral stiffness, and liable to yield

by twisting or bending laterally, before any symptom of

vertical fracture or injury was observed.

To obviate this defect, and to obtain the great strength and

rigidity required in the employment of wrought-iron girders'

for railway constructions, the tubular form was designed, and

T-iron used in forming vertical ribs, so that the side plates

might be arranged vertically. Experiments having also

proved that wrought iron thus applied has less power to resist

compression than extension, it became desirable to increase

the strength of the upper part of girders constructed of this

material, and the formation of a separate compartment or cell

was adopted to obtain this superior strength.

For these several improvements we are indebted to Mr.

W. Fairbairn, who obtained a patent, October 8, 1846, for

" improvements in the construction of iron beams for the

erection of bridges and other structures." These improve

ments are described to relate to the construction of iron

beams or girders for bridges and other structures, by using

plates of metal united by rivets and ribs of rolled iron. The

side plates arc put together with but-joints covered on the

outside with stiles or covering plates, and on the inside with

vertical ribs of angle or T-iron, the side plates, stiles, and

ribs being riveted together. The top of this hollow beam is

formed with two or more rectangular cells, composed of plates

arranged vertically, and connected by strips of angle iron and

rivpts with the top and side plates. The bottom is formed of

iron plates connected together by covering plates over the
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Fig. 3.

cross-joints, and attached to the side plates by angle iron and

rivets. The top may be constructed either of cast or of

malleable iron, and cellular-rectangular, or of an elliptical or

any other suitable form, to prevent

the top puckering from compression ;

or other methods may be employed,

such as thick metallic castings, "r

lighter iron plates, arranged so as to

form hollow cells. The bottom may

also be constructed of a series of

j ilates, either of single or double thick

ness, riveted together. The joints of

the plates alternate or break with each

other, and are riveted by a peculiar

method, which the inventor calls

" chain-riveting," as it forms a chain

of plates throughout ; and the struc

ture so unites the covering plates as

not to weaken the plates by rows of

transverse rivet-holes, but to form a

connecting link to each joint by a

series of longitudinal rivets or pins.

This useful invention, which com

prises the best methods yet devised

for uniting the several parts of struc

tures of plate and bar iron, contains

also the essential principles upon

which tubular girders may be, and

have been, constructed, of a size ade

quate to form bridges within them

selves, and admit the interior passage

of railway trains or other traffic.

The first wronght-iron tubular

girder bridge built according to the patent of Mr. Fairbairn

was constructed and erected by that gentleman for Mr. Vig-

Itolas, for the purpose of carrying the Blackburn and Bolton
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Railway over the Leeds and Liverpool Canal. This bridge is

represented in Tigs. 3 to 6. Fig. 3 is an elevation of the

 

bridge; Fig. 4, a transverse section of the bridge to an

enlarged scale : Fig. 5 is an enlarged transverse section of one

of the outer girders ; and Fig. 6, an enlarged longitudinal

view of part of one of the girders, showing a section of one of

the cross-timbers on which the railway is supported. The

span of this bridge is 60 feet, and each girder is 66 feet in

total length, the bearings in the masonry being each 3 feet

long. The two lines of rails are carried between three

parallel girders. Each girder consists of a rectangular top

compartment composed of plates § inch thick, and riveted

at the internal corners to angle iron ; of side plates, T\ inch

thick, joined vertically by rivets to T-iron ribs, and also

riveted to the bottom plate of the top compartment and its

internal angle-irons through longitudinal ribs of angle iron

placed externally ; and of double bottom plates, each f inch

c
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thick, joined by rivets to external logitudinal strips of angle

iron.* The rails are laid upon longitudinal timbers, which,

with intermediate planking, are supported upon transverse

beams of wood suspended by double straps of wrought iron,

which pass upward through the bottom plates of the girders,

and are secured by screwed nuts. A vertical bolt of wrought

iron also passes through a cast-iron socket in the top compart

ment of the girder, and downward through each cross-beam,

below which it is fixed with a washer plate and screwed nut.

Before opened for traffic, this structure was tried by severe

tests, and found fully equal to any weight to which it could be

subjected. Three locomotive engines, each weighing 20 tons,

occupying the entire span of 60 feet, were run together as

a train, at rates varying from 5 to 25 miles per hour, and

produced a deflection in the centre of the bridge of only -025

of a foot. Two wedges of the height of 1 inch were then placed

on the rails in the middle of the span, and the dropping of the

engines from this height, when at a speed of 8 to 10 miles per

hour, caused a deflection of only "035 of a foot, which was

increased to "045 of a foot, or nearly half an inch only, when

wedges lj inch in thickness were substituted. The compa

rative weight and cost of a bridge of this construction, with

those of a cast-iron girder bridge trussed with malleable-iron

bars, have been thus deduced from actual examples :—

OAST-IKON TRUSSED GIRDER BRIDGE, 60 FEET SPAN.

Cast iron, 76 tons weight, at £12 per ton .

Wrought iron, 14 tons, at £37 is. ,,

£ >.

912 0

520 IG

d.

0

0

1432 16 0

WROUGHT IRON TUBULAR GIRDBEED BRIDGE, 60 FEET SPAN

£ s. d.

30 tons weight, at £30 per ton 900 0 0

showing a saving of £532 16«. in the cost of the iron-work,

and insuring far greater strength and security.

* The centre girder, having double duty to perform, is made propor

tionally stronger.
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Another instance of the ap

plication of the wrought-iron

tubular girder bridge, and upon

a much extended scale, is that

of the two bridges by which

the great landing - stage at

Liverpool is connected with

the wharf of the docks. This

stage, constructed according to

the general design of Mr. Cn-

bitt, the engineer, consists of a

wooden frame 500 feet long

and 80 feet wide, floated upon

wrought-iron pontoons fixed

beneath and across the plat

form, and each 80 feet long,

10 feet wide, and G feet deep.

The communication between

the stage and the wharf is

afforded by two bridges con

structed upon Mr. Fairbairn's

patent plan. Each bridge is

about 150 feet in length, and

is so connected with the shore

at one end, and with the stage

at the other, as to admit of

motion both vertically and hori

zontally, and thus accommodate

itself to the rising, falling, ebb

ing, and flowing of the tide,

and also constantly maintain a

passage for carriages and per

sons. The details of these

bridges are represented in

Figs. 7, 8, and 9. Fig. 7 is an

elevation of one of the bridges ;

c2
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Fig. 8, a cross section through the middle of the girders,

central road or carriage-way, and two side-ways or galleries

to
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fur foot passengers ; and Fig. 9 is an elevation of the end of

one of the girders, drawn to the same scale as Fig. 8. The

construction of the girders and mode of suspending the trans

verse timbers that carry the road and footways are, it will be

seen, similar to the bridge constructed by Mr. Fairbairn over

 

the Leeds and Liverpool Canal, and already described. The

extreme length of each bridge is 152 feet 4 inches, or 142 feet

clear of the cast-iron end casings. The height or depth of the

girders is 5 feet 6 inches at the ends, and 8 feet 6 inches in the

middle. The upper compartment is 2 feet 6 inches wide, and

1 foot 1 inch deep, and is divided into two cells by a central

partition plate, riveted to the top and bottom plates with angle-

iron ribs. The body of the girder is 2 feet wide outside, and

is composed of plates 2 feet wide, arranged vertically, and the

joints covered with joint-plates 4£ inches wide, and fastened

with rivets 2f inches apart from centre to centre. The plates

forming the upper compartment are in 6-feet lengths, with

covering-plates over the joints outside. The roadway is
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1 1 feet wide between the girders, and each

of the footways 6 feet wide. The girders

are tied together at the middle of their

length by an arched tubular stay of a rect

angular section, composed of top, bottom,

aud side plates, united by rivets and ex

ternal angle-irons. The dimensions of the

section are, 1 foot 9 inches in depth, and

1 foot 6 inches width, from out to out.

The cross-beams of timber which carry the

road and footways are, 10 x 8 inches at

the middle, and 8x8 inches at the ends,

and are suspended from the girders by

wrought-iron straps. Each side gallery or

footway is guarded on the outside by a

light railing of cast-iron standards and

wrought-iron rods.

The largest bridge yet constructed with

tubular girders in this form, is represented

in Figs. 10, 11, 12, and 13. This excellent

specimen of wrought iron-work has been

lately erected by Messrs. Fairbairn and

Sons, of Manchester, to carry the Man

chester, Sheffield, and Lincolnshire Rail

way, of which Mr. Fowler is the engineer,

over the river Trent at Gainsborough, and

consists of two spans, each 154 feet wide,

with a central pier of masonry and two

abutments, each with au end arch of 40 feet

span. The courses of the river and of the

railway are oblique to each other, and the

abutments are therefore placed at an angle

of 50° with the longitudinal direction of the

girders. The girders are of1uniform depth

throughout, and are two in number ; the

entire width of the double line of railway,
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2'5 feet in the clear, being carried

Letween them. Fig. 10 is an ele

vation, and Fig. 11 a plan, of the

entire structure ; Fig. 12 is a trans

verse section of half of the bridge

taken through the middle, and

showing the construction of one of

the girders, which are 12 feet in

total depth. The top compart

ment measures 3 feet £ inch in

width, and 1 foot 3 inches in

depth, and is divided by a central

partition into two cells. The body

of the girder is 2 feet 6 inches

wide, and 3 feet wide over the

bottom plates, which are double.

The side plates are 2 feet wide,

and jointed with outside covering

plates and internal ribs, as in the

former bridges. A strip of iron

plate 1 foot wide, and two rims or

edges of angle iron, are fixed on

the outside of each of the girders,

in the form of an arch, which re

lieves the flatness of the horizontal

lines of the girders, and improves

the general appearance of the

bridge, but without adding in any

material or required degree to its

strength or stiffness. The rails

are laid in chairs on longitudinal

beams of wood,which are supported

upon transverse beams of iron

plate, put together on the tubular

principle, and resting upon the

bottom plates of the girders, be



82 BRIDGE AT GAINSBOROUGH.

sides being riveted through their ends to the side plates of

the girders. These transverse beams, which are placed 4 feet

apart between their centres and at right angles to the longi-

Fig. 12.

 

tudinal direction of the girders, are composed of top, bottom,

and side plates, riveted with external angle-irons at the

corners. The section of them, Fig. 13, is uniform throughout,

and measures 16 inches in depth, and 10 inches in width over
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all. The rail-timbers are notched down slightly over these

cross-beams, and the intermediate spaces between the timbers

are filled in with 3-inch flanking laid longitudinally.

SECTION IV.

Malleable-Iron Bridges of different Constructions—Lattice Bridges—

Tubular Bow-Bridge—Tubular Girder Bridge, with intervening Arches

of Brick-work—Compound Wrought-Iron and Concrete Girders—

Combinations of Malleable and Cast Iron in Framed Bridges—

Corrugated Wrought-Iron Girders.

Malleable iron having been applied in several forms of

combination—besides that of the tubular girder and tube—

to the construction of bridges, we propose, in order to make

our historical sketch complete, to devote this section to a

succinct description of the principal designs which have been

executed or proposed.

To arrive at the earliest of these, we have to go back to the

year 1824, when the ingenious Mr. George Smart suggested

a combination of wrought-iron bars arranged in a diagonal

form, under the title of a " Patent Iron Bridge." This design,

which is the parent of the extensive family now known as

'• lattice bridges," of which our American brethren have

erected some gigantic examples, exhibits a vertical framing,

perfectly horizontal on its upper and lower lines, and com

posed of iron bars crossing each other in a diagonal direction,

and forming angles of about 18° with the horizon. The

framing also comprises vertical or " hanging bars," and " base

bars," forming the lower horizontal lines of the framing, and

also passing horizontally over each alternate row of inter

sections of the diagonal bars. The number and dimensions

of the several parts are, of course, regulated according to the

extent of the structure, and service for which it is destined;

but each bar is intended to be forged of enlarged width at

the points of intersection, and through which, bolts are fixed

to connect the whole together. Two of these trussed frames,

c 3
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erected vertically and parallel to each other, would form the

supports of the roadway to be formed between them, the two

frames being tied together by transverse connecting-rods, the

roadway or flooring being situated near the top of the frames,

and never on the lower bars, which Mr. Smart considered a

common but very erroneous practice in wooden bridges.*

Between the frames, cross-braces, consisting of two light bars,

are to be fixed, bolted together, and fitted to the connecting-

rods. In recommendation of this design, it was urged that

it possessed extraordinary simplicity and economy ; that the

several bars employed being all of different lengths, and the

holes all drilled or punched in one uniform manner, none of

the parts could be misplaced in erection ; and therefore the

whole might be put together with great expedition, while,

consisting of many small parts, and none of great weight, the

bridge might be considered portable, easy of transportation

by an army, and put up, when required, in a few days.

Mr. Smart proposed to construct the piers of a bridge of a

diagonal framing of wrought-iron bars, similar to that adopted

in the bridge itself, and he showed the applicability of the

same system to the formation of wooden bridges, in which he

remarked there would be no necessity to limit the length of

the pieces forming the framing, as no expansion or contrac

tion takes place in that direction in wood.

Of the numerous examples in which this diagonal form of

construction has been adopted in American wooden bridges,

it does not belong to this sketch of iron structures to give

any lengthened account, although their remarkable simplicity

and strength render them highly interesting studies to the

engineer, and will justify a brief notice here, by way of illus

trating the value of the principle first suggested as applicable

* To this principle, and its practical value and effects, further inquiry

should be devoted ; we have here only to record the view entertained

by the inventor of the lattice bridge, at a date so long before those

experimental inquiries into the forces acting upon loaded beams which

have developed the position of the neutral axis and the agency of

compressive and extensive forces.
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to iron and wooden bridges, by Mr. Smart, twenty-five years

ago.

Some of the principal examples of the lattice bridge, in

America, are built over the rivers, supporting roads and rail

ways. One of these, erected over the Susquehannah al

Columbia, consists of twenty-nine spans or openings, each two

hundred feet wide, the entire bridge being about a mile and

a quarter in length. The principle on which this bridge is

constructed has been more properly referred to that of the

common roof; the two centre and opposite diagonal bars being

considered as two rafters meeting at the centre of the bridge,

and abutting at their other end on a tie-beam, which is ex

tended longitudinally on each side to the opposite abutments.

A series of rafters, parallel with the centre one, is extended on

either side, throughout the whole length of the bridge, being

secured at their feet, and also connected at the head with a

horizontal upper beam, placed vertically over and parallel with

the continuous tie-beam. These rafters are placed at such an

angle of obliquity, and at such a distance from each other,

that vertical posts or ties between them will unite the head of

one rafter with the foot of the contiguous one, towards the

centre of the bridge. These ties, which, the bridge being

loaded on the lower chord, are subject to a tensile strain,

have been recently formed of malleable-iron rods, instead of

timber, which rods, fitted with screwed nuts, admit of being

regulated in length, so that the whole structure may be

brought to a perfect degree of tension, and each joint and each

member made to bear its due share of the load : they more

over remedy the mischief of shrinkage of the timber, or other

derangement, as the equilibrium and perfect form of the struc

ture can by their means be readily restored and maintained.

By screwing up these ties, the bridge tends to assume an

arched form, rising with a camber in the middle : this is pre

vented by the introduction of the counter-braces, which con

nect the head of one rafter with the foot of the contiguous

one, from the centre toward the extremities of the bridge.
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In the American bridges of 200 feet span, the following are

the dimensions of the members : span, 200 feet ; depth of

frame throughout, 20 feet ; top and bottom chord timbers,

10 x 25 inches; braces, in pairs, 7g inches square; tie-rods,

in pairs, 2| inches diameter ; counter-braces, single, each 7J

inches square. One of these frames is placed on each side of

the bridge, connected at the bottom by cross-beams, on which

the planking of the roadway is laid.

One distinguishing advantage of this mode of construction

is its simplicity ; the braces and counter-braces being all cut

exactly to the same length, and square on the ends, which

simply rest in blocks attached to the top and bottom chords,

and are without mortising or jointing in the members : the

tie -rods pass through these blocks, and the whole structure is

so simple, that it may be readily taken down, removed to an

other site, and re-erected with the utmost facility and precision.

A lattice bridge of wrought iron, erected across the line of

the Dublin and Drogheda Railway, is 84 feet in clear span,

and built over an excavation 36 feet in depth. The two lattice

beams, set parallel to each other, and resting at each end on

plain stone abutments built in the slope, are 10 feet deep, and

formed of a series of flat bars of iron 2J inches wide and

f inch thick, crossing at an angle of 45°. At a height of

5 feet 6 inches above the bottom edge, transverse bearers of

angle iron are fixed, and upon these the planking for the road

way is fixed. To provide for deflection, the beams were con

structed with a camber or curve upwards, from the ends to the

centre, of 12 inches; but it has been found that the passage

of heavy weights does not produce any sensible deflection.

The total cost of this structure is said to have been £510.

An important distinction between the simple lattice or dia

gonal framing and the roof framing must, however, be carefully

borne in mind. In the former, the strength is obtained by the

connection of the bars at each intersection, while the abut

ting principle of the roof, which equally belongs to the roof-

framed bridges before described, is disregarded. The strain
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is therefore borne wholly by the rivets or pins which pass

through the crossing bars, and the effect of this strain is

exhibited in the gradual loosening of the pins. The bars, too,

it must be observed, are considerably weakened by the holes

through the middle of them ; and in wooden lattice bridges,

fracture and failing of the material have often resulted. By

way of remedying these defects, consequent upon the simple

lattice principle, many of the large lattice bridges in use in

America have been strengthened by the introduction of strong

trussed frames within the lattice frames, or of strong arches

of timber-work.

The lattice principle has been considerably improved upon

in some bridges designed and built by Mr. K. B. Osborne, O.E.,

which consist of a top and bottom chord of malleable iron,

with intermediate braces of cast iron in the form of rectangular

tubes. This form of construction was introduced into the

United States of America in the year 1844, since which time

about a dozen have been constructed, varying in span from

30 to 90 feet. Girders, formed of diagonal bars of wrought

iron, abutting against each other, with cast-iron transoms to

support the pressure, while the wrought-iron bars are intended

to furnish the tensile power, appear to have been introduced

into France before the year 1844. By order of the Minister

of Public Works, experiments were tried at Paris upon four

girders constructed in this manner, and placed side by side,

with, a bearing of 74 feet 8 inches. With a load of 62 tons,

the deflection of these girders was 1J inch ; and on the re

moval of the load, after remaining on them for a month, they

resumed their original position without permanent deflection.

To try the effect of a sudden shock, a cart loaded with 4|

tons of iron was caused to break down suddenly in the middle

of the bridge, without producing any injury, except crushing

the flooring planks. The weight of these girders was stated

to be 20£ tons.

A similar combination of cast and malleable iron in the

construction of girders for bridges is the subject of a patent
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granted in the year 1846 to Mr. S. Moulton, the invention

being claimed as due to Mr. Rider, of New York. In this

combination, the upper chord is described as formed of single

T-iron, or two angle-irons connected together, the interme

diate framing between the chords being formed of malleable-

iron bars arranged diagonally, but not connected with the

chords. Cast-iron vertical bars are fixed to the chords, but

independent of the diagonal framing. A bridge erected upon

this principle for the New York and Haarlem railway, 70 feet

in span, and having a double line of rails upon it, is said to

contain only 13 tons of metal, and to have cost less than £500.

Combinations of cast and wrought iron in trussed girders

for bridges have already been referred to, and illustrated by

the railway bridge over the river Dee at Chester.* In the

official report upon the iron bridges on the Trent Valley

Railway, which was prepared by Captain Coddington, it

appears that, on that line of railway, there are fifteen simple

cast-iron girder bridges, the span of which does not exceed

30 feet ; four others varying in span between 35 feet and

37 feet 6 inches ; and six bridges composed of cast-iron

girders, each in three castings, bolted together at the flanges,

dipped underneath, and strengthened with rods of wroug-ht

iron. Of these six bridges, there are two over the Trent and

Mersey Canal, span 54 feet 3 inches ; one over the turnpike-

road, span 57 feet; one over the Coventry Canal, span 60 feet ;

one over the Oxford Canal, span 44 feet; and one over the

river Tame, of 70 feet span, for which a double row of piles

has been driven into the bed of the river, under each of the

joining flanges of the girders, and connected at the heads by

capsills extending under the girders. Captain Coddington

remarked :—" In the same manner that I consider experience

to have proved the sufficiency of a simple girder up to 40 feet

(span), I consider it has also proved the sufficiency of the

compound girders up to 70 feet."

* A tubular girder bridge was suggested for this work by Mr. Fairbairn,

in January, 1846.



COMPOUND CAST AND WROUGHT IRON GIRDERS. 39

Mr. Gibbons, of Corbyn's Hall Iron Works, obtained a

patent in 1847 for improvements in iron girders for bridges,

the object of which was to provide the required constant

adjustment of the length of the cross-bars corresponding with

changes of temperature, by the introduction of intermediate

springs. Mr. Gibbons proposed to apply his improvement to

girders of cast iron, in three castings, bolted together through

flanges at the end of each, as before employed. Beneath the

middle casting, however, a powerful spring or set of springs is

to be introduced, made exactly similar to the bearing springs

of railway carriages, with the convex side pressing upwards

against the under side of the girder, the wrought-iron truss-

rods being fastened to each end of this spring, and bolted up

tight to flanges cast upon the extreme ends of the outer cast

ings forming the girder. If the girders are of considerable

width, several springs are to be used, ranged side by side, or

smaller springs may be applied in pairs, with their concave

faces inwards, one under each joint of the castings, and one in

the centre, tightly trussed with wrought-iron rods.

A novel combination of wrought with cast iron formed part

of a patent granted in 1847 to Mr. Fielder, in conjunction

with Messrs. Baker. The wrought-iron plates proposed to

be used by the patentees for the purpose of strengthening

cast-iron girders were to be fixed with bolts in any of a great

variety of positions ; thus, on the sides of the rib of the

girder to the bottom flange, &c. The value of some of these

additions in augmenting the strength of the girders was

proved by decisive experiments. Thus a strip of wrought

iron, 8 inches by & inch, riveted to the bottom flange of a

cast-iron girder which had been broken in the middle, enabled

it to withstand a proof of 20| tons without injury to its elas

ticity, the bearing being 20 feet, and the depth of the broken

girder 20 inches. With another piece of wrought iron, 3 feet

in length, and 8 inches by £ inch, added in the centre only,

the girder withstood a pressure of 52 J. tons. Another experi

ment was tried upon a cast-iron girder, of which the breaking
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weight would, by the ordinary rule, be 20£ tons. This was

proved to 15 tons, without loss of elasticity; 3J tons were then

added, and produced a deflection of T7^ inch, and a permanent

set or deflection of -^ inch after the load was removed. It

may be therefore supposed that the metal was in some degree

injured. A wrought-iron bottom flange, 6 inches by £ inch,

was then attached to it, and this compound girder was proved

to 30 tons without injury to its elasticity.

Another design for the strengthening of iron beams or

girders proposes to employ corrugated sheet iron in their

construction. This is the subject of a patent granted Decem

ber 2nd, 1848, to Mr. J. H. Porter, for an " improved mode

of applying corrugated iron in the formation of fire-proof

floors, roofs, and other like structures." The value of this

invention was tested by experiments upon beams constructed

in accordance with it. The following is an account of one of

these experiments. Two of the patent beams, each 18 inches

in depth, and 22 feet long, were placed at a distance of 9 feet

apart, and upon bearers, so that the clear length of each

girder between the bearings was 20 feet 6 inches. Each of

these beams was formed with top and bottom frames of

4x4 inches T-iron, the base being J inch thick, and the rib

of the girder formed of corrugated sheet iron, No. 16 gauge,

with bands 1J X \ inch thick. The weight of each girder

was 8J cwt. Across the two girders, two large oak blocks,

weighing 1 ton 3 cwt., were laid to support the further load.

One of these blocks was 24 inches wide, and the other 13

inches, and they were laid at a distance of 4 feet 3 inches

apart from centre to centre; the centre lines of these blocks

being equidistant on either side from the middle of the length

of the iron girders. The whole of the load was thus confined

to a length of 6 feet \ inch in the centre of each girder, being

less than one-third of its length between the bearings. Upon

these two timber blocks a weight of 6 tons 17 cwt., in cast-

iron blocks, was laid, and remained three days without

causing any deflection. An additional load of 7 tons 3 cwt.
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16 lba. (in 121 bundles of plate iron) was then applied, and

produced a deflection of T9S inch. This load, remaining

twenty-one hours, increased the deflection ^ inch. Another

load of 51 bundles of plate iron, weighing 3 tons 9 cwt. 1 qr.

21hs., was added, and increased the deflection to barely 1 inch.

32 more bundles of plate iron, weighing 1 ton 18 cwt. 12 lbs.,

were applied, and the deflection became If inch of one girder

and 1-j^ inch of the other, the difference appearing to be occa

sioned by a settling of the piers, which threw an excess of the

load upon one of the girders. A further load of 2 tons 8 cwt.

3 qrs. brought the deflection to 1£ inch and If inch. After

this load had remained a short time, a partial dividing of the

bottom flange of T-iron in the beam, which hitherto showed

least deflection, occurred from a defective " shut," or welding

of the bar. This caused a further deflection of T^ inch. An

additional load of 2 tons 6 cwt. 2 qrs. 22 lbs. made the

deflection 2 inches and If inch ; and a final addition of 7 cwt.

produced a rapid deflection of the already weakened beam,

the corrugated iron giving way at the same time to the longi

tudinal strain upon the rivets. The other beam was also found

to have yielded in several places at the rivets, principally in

the lower part of the beam. The breaking weight is there

fore considered to be about 25 tons, exclusive of the weight

of the beams. The patentee estimates the strength of his

patent beams at about double that of cast-iron beams of equal

weight, and that they may be supplied for £21 per ton.

Mr. W. C. Harrison appears to have first suggested that

application of malleable iron which has obtained the name

of the " wrought-iron tubular bow-bridge." The framing of

this form of bridge consists of an arched or bow tube, with a

horizontal stringer tube or chord carrying the roadway, and

deriving its strength from the arched tube, rising above it,

through the medium of suspending bars and braces. In a

design made by Mr. Harrison for a bridge of this kind, to

carry a railway over the river Ouse, the span is 170 feet, and

the versed sine, or rise of the arched tube above the chord or
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Fig. 15.

IT ■— ^

■

r^h

horizontal tube, about 15 feet. The arch or bow to be con

structed of wrought-iron plates J inch thick, and its section

throughout to be

4 feet in depth and

3 feet in width ;

the tie-beam, or

stringer tube, 2

feet 6 inches deep

and 3 feet wide.

For a double line

of railway three of

these bow-frames

are to be used,

erected parallel to

each other, and

at such distance

apart that one line

of rails maybe laid

in each of the two

spaces included

between them. At

the extreme ends

of the tie-beam

and bow, plates of

wrought iron are

to be firmly ri

veted over their

meeting, and the

whole of the tubu

lar work in both of

them to be pro

perly put together

with rivet3. Figs.

14, 15, and 16 re

present this design

for a wrought-iron tubular bow-bridge ; Fig. 14 showing an
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elevation of half the bridge ; Fig. 15, a transverse section

through the bow tube above, and stringer or chord tube

below ; and Fig. 16, a partial section through two of the

cross-beams which carry the longitudinal timbers and rails.

Several bridges of similar design to the one last described have

been since con- r

structed. Cap- , ±=

tain Simmonds ?

thus describes

  3

two erected up

on the extension i-fll ll^-p *'

line of the Blackwall Railway from Stepney to Bow : " These

two bridges are of a peculiar form, and the first of their class

erected for railway purposes. The roadway upon them is

supported on wrought-iron girders, placed transversely

between two arches, or ribs, formed entirely of wrought iron.

The clear span of one is 120 feet, of the other 116 feet 8 inches.

Each arch or rib of the latter bridge, which carries the rail

way over the Regent's Canal, is formed of a box built with

iron boiler plates \\ inch in thickness, and angle iron, firmly

riveted together, its breadth being 2 feet 10 inches, its depth

about 2 feet, and sectional area 81 square inches, and is con

nected at the base by a wrought-iron tie-bar, which receives

the horizontal thrust of the arch, and is formed of links having

a total sectional area of 69 square inches, bolted together with

bolts 2| inches in diameter, aided by eight others at each

joint J inch in diameter. Between the tie-bars and the arch

a system of vertical and diagonal bracing has been introduced,

so as in a manner to distribute the weight of passing loads

equally over the whole arch. These ribs, so formed, are laid

in cast-iron plates, fixed at one end, and free to move at the

other over rollers, so as to allow scope for the expansion and

contraction of the metal. The clear interval between the

bearings is 116 feet 8 inches, and the rise of the arch is 8 feet

to the under side of the box of which it is formed, the road

way being beneath the arch, and about 2 feet above the bottom
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of the tie-bar. The structure is exceedingly light, but appears,

nevertheless, sufficiently strong to carry the weights which

may come upon it in practice, so far as the areas of the arch

and bow-string, or tie, are concerned, and has stood the test

of a dead weight of 240 tons, in addition to its own weight

of 59 tons, distributed in weights of 34| tons at equal dis

tances over its length, with a deflection of 3^ inches, and

recovered entirely its original position upon the removal of

the load. As this proof exceeds considerably any weight

that can be brought upon it in practice, I am of opinion that

it may be used with safety for the passage of trains ; but as

it is of so novel and light a construction, and the action of the

cross-bracing and connection of the tie-bars has not been

ascertained by continued experiments of moving weights, L

should recommend that it be examined from time to time, so

that any defect, if it should exist, might be ascertained, more

particularly as the weight of the whole bridge, including the

double line of roadway and covering, only amounts to 194

tons, and is very easily set in vibratory motion by any moving

power."

Upon a limited scale, tubular girders of wrought iron appear

to have been applied to the purpose of bridge building nine

years ago, although in a very different manner from their im

proved construction, as invented by Mr. W. Fairbairn. The

instance here alluded to is a bridge which carries the Carmun-

nock road over the Polloc and Govan railway, near Glasgow.

This bridge, which crosses the railway obliquely, was erected

by Mr. A. Thompson, and is 31 feet 6 inches in span on the

face, or 30 feet square with the railway. The width of the

bridge, from outside to outside of parapet, is 25 feet 6 inches,

and the roadway is supported upon six girders, each 35 feet

3 inches long, resting upon stone abutments, and at a distance

of 5 feet 1J inch apart between their centres. Each girder

stands upon a wrought-iron plate at each end, and is con

structed of the best boiler-plate f inch thick, in the manner

"t^jwn in Figs. 17 and 18, of which Fig. 17 is a sectional view

„.
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throngh two of the girders, and Fig. 18 a partial plan of the

same. The girders are 18 inches deep, 3£ inches wide in the

Fig. 17.

 

Fig. 18.

clear at the top and 6 inches at bottom. The upper and

lower plates are 6 inches wider than the beam, the projection

of 3 inches on each side being provided to receive the angle-

irons, 3 x 3 X f inches, which are riveted to the side plates

and upper and lower plates respectively with |-inch rivets

placed ii inch apart from centre to centre. These girders

are filled with concrete, with the view of increasing their re

sistance against a pressure from the outside, and they are tied

together with transverse bars of Low Moor iron, 3 inches by

| inch, attached by bolts to T-irons riveted to the side plates

of the girders. The spaces between the beams were filled in

with two courses of 9-inch arched brick-work, the rise of the

arches being 1£ inch. The crown of these arches was payed

over with hot tar, and a layer of clay puddle well rammed

down over the tar. Over the puddle a metalling of whinstone

was laid to form the roadway, covered with a binding course,

2 inches thick, of engine ashes. The foot pavement on each
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side of the bridge is 4 feet wide, with a gutter laid between it

and the roadway. This bridge was built for W. Dixon, Esq.,

of the Govan Iron Works, at Glasgow. The communication

between the furnaces of these works is by platforms carried

upon tubular beams 33 feet in length. The transverse sec

tional form of these beams is rectangular, instead of having

the sides inclined, as described of the bridge girders, and

their dimensions are as follows : depth in the clear, 19 inches ;

width in the clear, 7 inches; plates, f inch thick. The side

and bottom plates are connected by inner angle-irons, with

J-inch rivets, placed 2| inches apart between their centres.

The side plates rise 2| inches above the top plate, and are

connected with it by external angle-irons placed upon the

top plate and between the side plates, riveted as the bottom

plate is to the sides.

It is scarcely necessary to point out here the many differ

ences between the tubular beams used in this bridge and the

patented tubular girders; but the former are probably the

earliest-application of a tubular plate-iron girder in any form

to bridge building, and are therefore historically interesting.

SECTION V.

Chester and Holyhead Railway—General Sketch of the Line—Telford's

Holyhead Road—The Menai and Conway Suspension Bridges—Rail

way Tunnel, Sea-wall, and Viaduct, at Penmaen Mawr—Parliamentary

Proceedings, and Engineers' Reports upon the Communication between

London and Dublin—Iron Bridges proposed by Mr. Rennie in 1802—

Mr. Robert Stephenson's Design for Cast-iron Arched Bridges, anil

selection of bite over the Britannia Rock—Admiralty Opposition, and

Mr. Stephenson's consequent Design of the Tube.

The railway from Chester to Holyhead, forming an importam.

part of the shortest line of communication between London and

Dublin, is highly interesting in its general features, as it is

peculiarly so in comprising the two fine structures known as
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the Conway and Britannia bridges. The length of this rail

way is 84£ miles ; and its several stations, starting from

Chester, and their respective distances from that ancient city,

are as follows :—

Queen's Ferrj Flintshire . . 7 miles

Flint . . . ditto. . . . 12* „

Bagilt . . ditto. . . . 14* „

Holywell . ditto. . . . 16| „

Mostyn . ditto. . . . 20

Prestatyn . ditto. . .
. 26J „

fcyhl . . ditto. . . . 80

Abergele . Denbighshire . . 34* ,.

Colwyn . ditto. . 40i „

Conway . Carnarvonshire . 45* .,

Aber . . ditto. . 64* „

Bangor ditto. . m ..
Llanfair . Isle of Anglesea

. 63i ,.

Gaerwen . ditto. . 66* „

Bodorgan . ditto. . 72* „

Ty Croes . ditto. . 75* „

Valley . . ditto. . 81 „

Holyhead Holyhead Island • 84* „

The journey between Chester and Holyhead is now usually

performed by the mail trains in 3 hours and 5 minutes, of

which 35 minutes are occupied between Bangor and Llanfair,

a distance of 4 miles, by road carriages. About 25 minutes

of this time will be saved when the Britannia Bridge, situated

between these two stations, is completed : and the total time

of the journey will be thus reduced to about 2 hours and 40

minutes. The royal assent was given to the Bill for this

railway on July 4, 1844, and the works have been conducted

with considerable vigour since their commencement. The

general direction of the line is nearly east and west, but its

course is in several parts extremely tortuous, which is ren

dered necessary by the mountainous character of the country

traversed. On this account nearly the whole of the line is con

structed on or near to the coast, the first 25 miles from Chester

pursuing a d'rection nearly n.w. At this distance the course

is turned towards the south, in the direction w.s.w., and
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proceeds thus towards Bangor, from which station the direc

tion is nearly w., rising to w.n.w., and n.w. on nearing the

terminus at Holyhead; being in some parts of its course

nearly parallel with the celebrated Holyhead road, which

was so much improved by Telford. Of the several impor

tant works executed by that eminent engineer upon this line

of road, it would be beyond our province to attempt any

detailed description in this place. Nevertheless, since they

comprise the two suspension bridges at Conway and over

the Strait of Menai, which may now boast of the honourable

companionship of the two tubular structures we have to

describe, some brief notice of them will serve as a fitting

introduction to the details of those modern railway works.

The Commissioners under whose jurisdiction the works for

the improvement of the Holyhead road were conducted, were

appointed in the year 1815, and in a statement made by their

engineer, Telford, to a Select Committee nominated in 1830,

" to inquire into the amount of all sums of money received,

expended, and repaid" by the Commissioners, these works

are classed under eight heads, viz. : 1. Roads made in North

Wales, on the London and Holyhead mail line. 2. Roads

made in North Wales, on the Chester and Holyhead mail

line. 3. Embankments on the Stanley Sands, and at Conway.

4. Bridges over the Menai Straits, and over the river Con

way. 5. Roads made between London and North Wales, on

the London and Holyhead mail line. 6. The harbours of

Holyhead and Howth. 7. The road from Howth to Dublin.

8. The widening and deepening the channel through the

Swilly Rocks, in the Menai Straits. Under the first of these

heads, Telford describes the reforming of pieces of old road

and making new ones, tantamount to the making of a new

road from Holyhead pier to Chirk bridge, a point on the river

Dee (which here divides Shropshire from Montgomeryshire),

and about 6 miles n.w. of Ellesmere. The length of this road

is 83 miles and 1320 yards. "The whole of this roadway was

constructed with a substantial rubble-stone pavement, care
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fully hand-set and covered with a G-inch coating of properly

broken stone. There are, in all cases where found necessary,

breast and retaining walls of stone, with numerous side and

cross drains, all constructed in the most perfect manner. The

whole is protected with stone walls ; those upon precipices

built with lime mortar, most of the others pointed with it. The

breast walls on some parts of this road are 9 feet in depth

below the surface of the roadway, and 4 feet in height above it,

making a total elevation of 13 feet; they are 3 feet 6 inches

thick at the base, and 15 inches at top, having a batter or

retiring on the outer face of 22| inches, and on the inner face

of 4J inches. The retaining walls on the other side of the

road are 9 feet high, 2 feet thick at the base, and 14 inches at

top, having a batter from the road of 18 inches. The clear

width of Toad between the walls is 22 feet." Resuming Tel

ford's account,—" There are several considerable bridges,

also numerous cuttings and embankments, in that mountainous

country ; one, particularly, at the village of Chirk, is 50 feet

in height. Four miles of branch-roads have been made."

Under the second head, Telford describes roads formed and

improved at Tally Pont Hill, Penmaen Mawr, Penmaen Back,

and Rhyalt Hill, of a total length of 9 miles and 1177 yards;

and the embankments in North Wales, forming the third

divison of the works, are thus particularised : " Near Holy

head there is an inlet of the sea, known by the name of the

Stanley Sands: over this estuary an embankment, 1144 yards

in length, has been made : the height above the undisturbed

surface of the sands, in the middle, is 29 feet ; the breadth at

the top, including the parapet walls and outer facing, is 34

feet; the slopes on each side are faced with rubble-stone, two

feet in thickness ; on each side of the road there is a parapet,

4 feet in height, coped with cut stone. The roadway is 24

feet in width ; it has a paved bottom, and a coating of broken

stone. In order to admit the tide to flow into the space on

the west side of the embankment, there is a bridge built

upon the only piece of natural rock found in that part of the

u
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estuary. This work was executed in two years: 15fi,271

cubic yards of earth, and 25,754 cubic yards of rubble-stone,

were deposited in forming it. It has been completed 7

(now 26) years, and is now in a perfect state.

" The eastern approach to Conway bridge is formed by an

embankment upon the sands, over which the tide usually

flowed, and rendered it a very difficult and dangerous passage.

The distance from the eastern shore to the island is 672

yards : the height of the embankment, on account of the sand

being swept away by the violence of the tides during the

execution of the work, is 54 feet ; its breadth at the base is

300 feet, and 30 feet at the roadway ; the side slopes are

faced with rubble-stone. 201,381 cubic yards of earth, and

51,066 cubic yards of rubble-stone, were employed in forming

it. The whole has been finished 3 (now 22) years, and is

now in a perfect state."

The following description of the greatest of his works,

classed under the fourth head of his statement, from the pen

of Telford, is equally too interesting to admit, and too brief

to require, curtailment.

" Besides several stone bridges, three of a novel description

were required : over the Menai Straits, which separate the

Isle of Anglesea from Carnarvonshire, in order to supersede

an inconvenient ferry. It was found, after many years' investi

gation and discussion, that in a navigable and rapid tide-way

a hridge upon the principle of suspension was the most prac

ticable and economical : a bridge of that description, therefore,

was begun in 1819, and successfully completed and opened

on the 30th of January, 1826. This structure being of very

unprecedented novelty and magnitude, considerable apprehen

sions were entertained concerning its stability : the engineer,

therefore, by the advice of his friend, the President of the

Royal Society (one of the Commissioners), considerably in

creased the height of the piers and the dimensions of the

masonry and iron-work, beyond the original design ; and thi3

unavoidably led to considerable increase of cxpenee ; but as
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all the works were paid for at the prices previously fixed in

making the first estimate, and as the quantities have been

ascertained by measurements and weights correctly made by

the resident engineer, the public has only paid for what wa3

actually found in the work, and the edifice was thereby ren

dered more substantial. The contractor for the iron-works

having made a claim on the Commissioners for alleged loss

sustained by him in consequence of the unprecedented rise in

the price of iron, the Commissioners felt themselves justified,

on inquiry, in representing to the Treasury that the difference

between the price paid by him for 20C0 tons of iron, employed

on this and the Conway bridges, and the price at which the

contract had been made, exceeded £5,500; but this claim was

not admitted. The distance between the points of suspension,

for the middle opening, is 580 feet, and between the pyramids

and toll-houses about half as much : to which is to be added

what passes down the galleries to the places of fixture in the

rocks, making the whole length of each main chain 1750 feet,

or one-third of a mile. The height from low-water to the top

of the saddles on the pyramids is 181 feet, and between the

saddles and the roadway, 60 feet. The breadth of the plat

form is 30 feet, and consists of two driving-ways and a foot

path between them. There are four stone arches on the

Anglesea side, and three on the Carnarvonshire side, each

52 feet 6 inches span.

" At the town of Conway, between the before-mentioned

island and the rocks in front of the old castle, there is a space

through which the tide flows with very considerable velocity :

over this space there has been made a bridge on the same

principle as the Menai ; it is 327 feet between the points of

suspension. In this there is only a single roadway. The

main chains are fixed in rocks at each extremity; the western

approach is by a gateway formed in the old town wall, and by

an embrasured terrace around the basement of one of the

towers. The masonry of the supporting pyramids, and also

the toll-house, is made to correspond with the old castle."

d 2
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Telford also describes a bridge of one iron arcb, 105 feet

span, built at the point where the Shrewsbury road crosses the

river Conway, above Llanrwst. Under the fifth head, the

works comprise new and re-made roads to the extent of 31

miles and 1429 yards; and the Report finally shows the

improvements effected in the harbours of Holyhead and

Howth since the year 1823 (when they were placed under

the management of the Holyhead Road Commissioners), and

the improvements of the navigation of the Menai Straits by

removing parts of the Swilly Rocks. The total sum expended

on these several works during the fifteen years ending at

the date of the Report (1830) was £697,637 10s. Gd., besides

£28,460 4s. Id., for management; £4,583 4s. Id. for parlia

mentary fees in passing Acts, and Exchequer fees, and

£2,821 8s. 5d. for solicitors' bills in passing Acts and other

general business.

It has been stated, at the commencement of this section,

that the railway now in course of completion between Chester

and Holyhead is highly interesting in its general features,

apart from the peculiarly novel and striking character of the

two great bridges erected, like those designed and just

described by Telford, to complete an important highway

over the river Conway and the Straits of Menai.

On leaving Chester, itself one of the most ancient, and in

history richly associated, of our English cities, the railway is

carried over the river Dee, upon the cast-iron girder bridge

which has been before described. For some few miles the

traveller passes through an agricultural district, the Welsh

mountains forming the back-ground on the left hand ; but

before arriving at Flint, the broad expanse of the Dee becomes

visible on the right, and continues so, with little interruption,

till its distant shore recedes from sight, and the river is found

to have merged in the open Channel. From Colwyn the

line pursues a nearly direct course to Conway, while the land

stretches out into the Channel, and terminates in the point

known as the Great Orme's Head, which in the distance is
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easily recognised by its appearance as a long level bank or

low headland.

Some of the works involved in the construction of the rail

way at the intermediate points known as Penman or Penmaen

Mawr are of a bold and costly construction. The precipitous

face of this mountain descends to the water's edge, forming a

cliff of steep and rugged outline ; and Telford's work in form

ing his road at this point consisted of rock-cutting, over a

length of 1 mile and 231 yards, and, in some parts, 30 feet in

height. This is protected with high breast and retaining

walls, having stone parapets laid in lime mortar. The road

way is formed of pavement bottoming and a coating of broken

stone ; " so that this formerly frightful precipice is now a safe

trotting road." (Telford's Report, 1830.) The Chester and

Holyhead Railway now passes beneath the foot of the moun

tain, and about 250 feet below the road thus carved out of

its surface by Telford.

The works consist of a sea-wall of masonry, 1£ mile in

length, and in some parts 60 feet high ; a viaduct, consisting

of vertical piers of masonry, 41 feet high from the founda

tions, 7 feet thick, 15 feet above Trinity high water on their

top surface, and supporting longitudinal girders, 42 feet in

span, upon which the rails are carried. This viaduct was

substituted for a similar length of sea-wall which was destroyed

by a storm in October, 1846. The coffer-dams for the

foundations of the piers were commenced in May, 1847, the

masonry on the 1st of June following, and the line opened

for traffic on the 1st of May, 1848. Through a projecting

foot of the hard basaltic rock, the line is carried in a tunnel

235 yards in length, at the east end of which one-half the

width of the line is formed by scarfing out the rock, and the

other half by an embaukment retained by a sea-wall ; it is

covered with an avalanche roof, of whole timbers, spanning

the railway, to prevent injury from loose pieces of rock falling

on to it.

The crossing by the railway of the river Conway requires
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the first of the tabular bridges ; and at about 18 miles further

on, the separation of the Island of Anglesea from the main

land of Carnarvonshire by the Straits of Menai gives occa

sion for a bolder structure, of which the central pier is skil

fully based on a rock named the Britannia Rock, and which

thus derives its title of the Britannia Bridge.

The national importance of securing the most direct and

rapid communication between London and Dublin, and of

selecting, as conducive to this purpose, such a port on the

Welsh coast as would reduce the sea voyage to the minimum

of time and uncertainty, commanded the anxious attention of

Parliament in 1836, a select committee of which, in October

of that year, recommended an address to the Crown to pro

cure a "survey of the harbours on the line of coast best

calculated for a direct communication between London and

Dublin, with a view of ascertaining whether the existing

ports of Holyhead and Liverpool, or any other ports on that

part of the coast of Great Britain, would, in the judgment of

experienced naval surveyors, furnish the greatest facilities for

steam communication by packet across the Channel." This

recommendation, having been duly adopted by the Lords of

the Treasury, was referred by them to the Admiralty autho

rities, whose hydrographer (Admiral F. Beaufort) reported '

accordingly on November 4, 1836, in which Report the two

following sentences occur. " As long as the Dublin mails

are carried by coaches on common roads, the best place of

embarkation in every respect will be Holyhead, which is only

(i2 statute miles from Kingston harbour, and which only

requires a little elongation of the pier, in order to admit a

larger class of steam vessels at low water. But if a railroad

should be constructed for that purpose, it would be probablv

led to another port, because it is not likely that a steam

carriage with a loaded train would be allowed to traverse the

present chain bridge at Bangor ; and a new bridge there, ou

arches, would add enormously to the expense of the under

taking ; besides the objection that would be raised to such
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a bridge, from the obstruction it would give to the navigation

of the strait."

A bold conception of engineering design, aided by im

proved skill in metallic construction, is, however, now rearing

a new bridge, on which loaded trains of any possible weight

may be safely allowed to traverse, and which presents neither

arches nor other obstruction to the " navigation of the

strait." The dictum of the Admiralty hydrographer appears

to have been accepted as conclusive, without further survey,

in favour of Holyhead, supposing the bridge difficulty got

over, or of Port Dynllaen, on the south-western coast of

Carnarvonshire, in order to obviate this difficulty. The

communication between this place and London, however,

would require a longer line than Holyhead, and was, more

over, at that time associated with a project of equivocal feasi

bility, for carrying a line of railway through the Merioneth

mountains.

Subsequently (June 9, 1843), Captains Back and Fair,

in obedience to the commands of the Admiralty, reported

on the capabilities of the two ports, Holyhead and Dynllaen,

and expressed their "unqualified opinion, that both as to

capability and position, Holyhead is unquestionably the

most eligible harbour on the coast as a port of commu

nication with Dublin." In the same year, and following

one, Sir John Eennie, Mr. James Walker, and Mr. Page,

severally reported on the engineering improvements of

these harbours as harbours of refuge, and as susceptible of

ready communication with the English metropolis by means

of a railway.

These Reports of course expressed professional views and

opinions upon the several topics of a somewhat conflicting

nature, but the practical results of the proceedings then and

previously taken have been, as now well known, the adoption

of Holyhead as a packet station, and of Mr. Stephenson's

line of railway between that port and Chester; while the

improvement of the harbour has been intrusted to Mr. Hendel.
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Each of the three engineers named as reporters found it

incumbent on him to offer some remarks on the best manner

of getting over the Menai Straits. A few of these may be

properly quoted here. Mr. J. Walker, after expressing his

decided opinion of the railway as of the harbour, that " the

best line should be selected," and further, that " the railway

should be made in a good manner as a great public work,"

objects to the proposal which had been made of using the

suspension bridge for railway purposes, by drawing the trains

by horses or a fixed engine up the slope of the present

bridge (of which the inclination is at the rate of 1 in 25),

and recommends that the line of railway " should be con

tinued direct to the straits, and the straits crossed by an

arched bridge built for the railway," which bridge " may

cross at the 8willy or Gorred Goch Eocks." Both of these

groups of rocks are between the suspension bridge and the

Britannia bridge.

Mr. Page observed, with regard to the effect of the passage

of railway trains over the Menai suspension bridge, that " the

sectional area of the main chains being 260 square inches,

and the weight of the bridge (including 130 tons additional

weight due to the repairs in 1839 and 1840) 774 tons, the

strain upon the main chains, on the principle used by Sir

F. Smith and Professor Barlow, amounts to rather more

than 5 tons per square inch, supposing the weight to be borne

equally by all the chains, and without any allowance for the

momentum produced by undulation, the effects of which upon

the bridge by the gale in January, 1839, are well known.

This weight is nearly 1 ton 16 cwt. per square inch more

than was calculated upon in the evidence of Mr. Telford and

Mr. Kennie, given before a select committee of the House of

Commons (April 29, 1819) ; and as their calculations were

made with reference to iron unimpaired in its elastic force,

which, after the severe trials to which this structure has been

exposed, cannot be said of the chains and rods of the bridge

at present, it follows that the limits intended by its engineer
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have been (perhaps unavoidably) considerably exceeded."—

" The weight of railway carriages would be limited to one

side or the other, and therefore the strain would be brought

upon half the chains and suspending rods ; and if a train

passes without the engine, taking ten carriages at 5 tons

each, the extra strain upon the chains would be 85 ton3,

which on 130 square inches, being equal to 13 cwt. per

square inch, would make the total strain 5 tons 13 cwt. per

square inch." Consequently, " the passage of connected rail

way traius would be injurious to the general stability of the

bridge."

The following extract from the Report made by Sir John

Rennie will show that nearly half a century ago iron was

referred to as the preferable material for constructing a fixed

bridge over the Menai Straits :

" In order to conduct the railway traffic in a proper

manner, a fixed bridge is absolutely necessary, and ought

to be adopted. The late Mr. Rennie was always of opinion,

that a permanent fixed bridge was the only fit means of

communication across the Menai ; and in his Report of the

16th of February, 1802, to the Right Hon. Charles Abbot,

he enters into the whole subject with great detail and ability.

For the reasons stated in the Report, he says that there are

only two situations properly adapted for the construction of

a bridge across the straits; viz. the Ynys y Moch and the

Swilly Rocks, 800 yards above it ; and in this view the late

Mr. Telford concurred (see his Report). Upon the former

site Mr. Rennie proposed to construct a fixed bridge, having

one cast-iron arch of 450 feet opening, so as to spau the

entire width of the straits at low water, and to spring 100

feet above the high-water mark ; and from this main arch he

proposed to construct smaller arches of stone, to the extent

of 156 yards on the Carnarvonshire side, and similar arches

on the Anglesea side, to the extent of 284 yards, making a

total length of 640 yards, exclusive of the wing-walls : this

design he estimated at £259,140. And the other design, to

D 3
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cross the Swilly Rocks, he proposed to consist of three ca&t-

iron arches, 350 feet span each, and 150 at the crown, above

an ordinary spring-tide, and to connect these arches on the

Carnarvon side by smaller stone arches to the extent of 200

yards, and on the Anglesea side by land arches to the

extent of 434 yards, besides embankments, thus making a

total length of 1076 yards : the expense of this design

(which he strongly recommended to be adopted in preference

to the other) he estimated at £2U0,417. It is much to be

regretted that neither of these designs was adopted, which

the expense alone, however, prevented, and the present chain

or suspension bridge, by Mr. Telford, was adopted instead,

as it was supposed that it could have been completed for

£70,000 ; but if the ultimate costs could have been foreseen,

it is more than probable that the fixed cast-iron bridge

would have been carried into effect. With reference, how

ever, to carrying the railway across the straits, some similar

plan of a bridge ought to be adopted ; and, taking into con

sideration the magnitude of the work and the difficulties of

the situation, I do not think that it would be prudent to

estimate the cost at a less sum than stated by Mr. Rennie,

viz. £290,417. The time also for completing such a work,

considering its extent and difficulty, and the numerous con

tingencies to which it would necessarily be exposed, could

not be taken at less than from five to seven years ; indeed,

the present suspension bridge occupied above seven years,

and the late Mr. Telford considered that the site of the

Swilly Rocks would be attended with greater difficulties."

In his designs for carrying the Chester and Holyhead

Railway over the straits, Mr. Robert Stephenson had thus to

determine the two fundamental points of site and construction

of his proposed work. The site which, after careful exami

nation, he selected, although not one which had received the

approval of former engineers, offers one peculiar advantage,

which Mr. Stephenson duly remarked, and determined to

■^l himself of in the situation of his bridge. This consists
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in a mass of rock, occupying the centre of the stream, of

suitable dimensions to serve as the foundation of a central

pier, and standing considerably above the level of low water.

The distance of this rock, and of the bridge now being built

over it, from the suspension bridge of Telford, is one mile

lower down the straits, or in a southern direction. Upon the

other great question, viz. the construction of the bridge, Mr.

Stephenson brought some of his own experience to bear,

which proved far more conclusively than any theoretical in

quiries, that the suspension principle is utterly inapplicable

for sustaining railway traffic. The following extract (rum

his Report, presented to the Directors of the Railway, in

February, 1846, gives the results of this experience :

"The injurious consequences attending the ordinary mode

of employing chains in suspension bridges were brought

under my observation in a very striking manner, on the

Stockton and Darlington Railway, where 1 was called upon

to erect a new bridge for carrying the railway across the

river Tees, in lieu of an ordinary suspension bridge, which

had proved an entire failure. Immediately on opening the

suspension bridge for railway traffic, the undulations into

which the roadway was thrown, by the inevitable unequal

distribution of the weights of the train upon it, were such as

to threaten the instant downfall of the whole structure. These

dangerous undulations were most materially aggravated by

the chain itself, for this obvious reason,—that the platform or

roadway, which was constructed with ordinary trussing, for

the purpose of rendering it comparatively rigid, was 1sus

pended to the chain, which was perfectly flexible, all the

parts of the latter being in equilibrium. The structure was,

therefore, composed of two parts, the stability of the one

being totally incompatible with that of the other ; for example,

the moment an unequal distribution of weights upon the

roadway took place, by the passage of a train, the curve of

the chain altered, one portion descending at the point imme

diately above the greatest weights, and consequently causing
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some other portion to ascend in a corresponding degree, which

necessarily raised the platform with it, and augmented the

undulation. So seriously was this defect found to operate,

that immediate steps were taken to support the platform

underneath by ordinary trussing ; in short, by the erection of

a complete wooden bridge, which took off a large portion of

the strain upon the chains. If the chains had been wholly

removed, the substructure would have been more effective ;

but as they were allowed to remain, with the view of assisting,

they still partake of those changes in the form of the curve

consequent upon the unequal distribution of the weight, and

eventually destroyed all the connections of the wooden frame

work underneath the platform, and even loosened and sus

pended many of the piles upon which the frame-work rested,

and to which it was attached. The study of these and other

circumstances connected with the Stockton bridge leads rue

to reject all idea of deriving aid from chains employed in the

ordinary manner." A fixed and rigid structure being thus

indispensable to sustain railway traffic, Mr. Stephenson pro

posed to cross the straits with a cast-iron arched bridge in two

spans of 450 feet each, and prepared his designs accordingly,

the height of the arches being 100 feet from the level of the

water to the crown of the arch, and the springing 50 feet

from the same level. As it was necessary that the water

way should not be interrupted by scaffolding or centering,

such as is usually employed in erecting arched bridges,

Mr. Stephenson designed to fix the half-arches on each side

of the central pier in portions simultaneously, and connect

them with tie-rods, so that the weight on either side should

balance that on the other.

The Commissioners of the Admiralty, however, who con

stitute the final authority in these matters, insisted upon one

condition which rendered this design inapplicable ; viz., that

the clear height of water-way under the lowest part of the

arches or their springing should not be less than 100 feet.

To have retained the same general design, it would therefore
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have become necessary to elevate the whole structure 50 feet

above the proposed position, an alteration involving immense

additional cost in the piers and abutments of the bridge,

besides being irreconcileable with the adjoining levels of the

railway. Under these circumstances the indomitable engineer

determined to abandon the arched form altogether, and to

seek a horizontal form of construction which should possess

all the strength and inflexibility required for the support of

its destined loads over spaces of 450 feet, and be at the same

time susceptible of erection without obstructing the naviga

tion of the straits.

Here was a problem of nearly unexampled difficulty, de

manding for its solution the union of original bold conception,

careful scientific experiment, and practical art and skill, rarely

required and rarely to be commanded even on the most

momentous occasions of engineering expedient. The first of

these essentials was early supplied by Mr. Stephenson, who,

in the month of February, 1845, announced his suggestion of

wrought iron as the best material for the bridge over the

straits, and the form of a hollow girder or tube as the shape

in which this material should be combined for the purpose.

To obviate the difficulty respecting scaffolding, it was deter

mined that each of the tubes should be constructed at some

unoccupied place contiguous to its permanent position, and

raised and deposited in that position en masse. These deci

sions, which comprised the leading outlines of the plan, were

wisely followed up by an elaborate series of experiments to

determine, first, the peculiar sectional form which should be

given to the tubes, and secondly, the distribution and dimen

sions of the material which would ensure the required strength

and stiffness of the entire structure.

For these detail purposes, it was determined that a high

authority in the theoretical and practical departments con-

ntcted with the strength of the proposed material, and the

best methods of its combination, should be enlisted in com

pleting the design; and the authority selected was Mr.Willian1
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Fairbairn, who, after conducting a series of experiments to

ascertain the strongest form for the tube, called in the aid of

Mr. Eaton Hodgkinson in reducing the results and evolving

practical formula? for determining the details of the work.

These gentlemen proceeded with their inquiries, and presented

Reports embodying the results to Mr. Stephenson, who ap

pended them to his own Report, presented to the Directors of

the Railway Company at their meeting in February, 1846. The

importance of these summary Reports renders it necessary to

quote the results which they exhibit : this we propose to do in

the following Section, after stating the general principles which

distinguish all beam or girder bridges, whether tubular or solid,

from those whose strength depends upon their arched form.

SECTION VI.

General Principles which distinguish Girder Bridges from Arched Bridges

—Mr. Fairbairn'» Experiments and Report on Tubular Girders—Mr.

llodgkinson's Experiments and Report—Mr. Stephenson's Report.

The earliest philosophers who essayed to develop the laws

which regulate the resistance of bodies to transverse strains,

viz. Galileo and Leibnitz, assumed a fundamental principle

which the celebrated James Bernouilli seems to have been the

first to expose. This radical error was, that all the particles

of a beam submitted to an excessive transverse pressure are

in a state of tension, and that the separation of them by the

overcoming of their tensile power is the only action exerted by

the weight which breaks the beam. James Bernouilli, how

ever, detected the fallacy of this assumption, and showed that

the particles of which a beam so loaded is composed, exert a

different kind of force on that side which receives the pressure

of the load from that which they exert on the opposite side.

The sensible indication of this fact is afforded by the form

which the beam assumes, the loaded side or surface becoming

concave, while the opposite side becomes convex. On the

concave side the particles are thus compressed towards each
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"ilier, while on the convex side they are distended or drawn

from each other. From this observation, Bernouilli deduced

the theoretical existence of a longitudinal line, or rather

plane, throughout the beam, which defines the limits equally

of the compressive and extensive action ; and to this line or

limit, which, it follows, is neither reduced nor lengthened by

the deflection of the beam, Bernouilli gave the name of the

neutral line. Now this mutually opposing tendency of the

action excited amongst the particles of a beam or girder by

a load acting upon it transversely to its length, reduces the

pressure which the beam exerts upon its abutments to a

simple vertical one, no lateral or oblique force being exerted

upon them, unless the form of the girder become so altered

that its ends assume an oblique instead of a horizontal direc

tion. An arch, on the contrary; is known to transfer its load

to a lateral or an oblique thrust against the abutments, the

total material of the arch being in a state of compression, and

the abutments receiving the sum of this compression,—minus

the elasticity of the material,—in a force which tends to push

them outwards or away from each. A suspended structure

may be instanced as an illustration of the opposite tendency,

the resistance of the fabric to the load being exerted by the

tension of the materials, which, transferred to the towers or

points of suspension, tends to draw them inwards, or towards

each other. The former, thrusting or pushing forces, may be

called diverging or opposing forces ; and the latter, pulling

forces, may be called converging or compressing forces.

In order to produce their maximum strength and stability,

the action of an arched, of a suspended, and of a girder

bridge, as ultimately transferred to the abutments, is cer

tainly required to be identically the same in direction, viz.

vertical. Thus the maximum strength of the arched form

is realised in the semicircular form, which springs vertically

from the abutments ; and in proportion as this direction of

thrust varies from the vertical towards the horizontal through

the angles of obliquity,—that is, as the arch becomes flat

tened and its height reduced,—so, in a determinable ratio,
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is the strength of the structure diminished. And, in the

suspension bridge, the chains would act the most efficiently

in carrying a load, if they could be employed in a true ver

tical direction, while their power is sacrificed the more they

are made to diverge from this towards the horizontal direc

tion. The common object of the arrangement of parts in an

arch, and of the saddles over which the chains in a suspen

sion bridge pass, is therefore to produce a resulting vertical

action upon the abutments and towers.

But in a simple arch with abutments, or a chain with

towers, it is necessary, in order to insure the equilibrium

of the structure, to introduce other parts, which shall exert

counteracting forces. Thus the arch requires an extra weight

of materials above it in the spandrils, and the chain requires

a counter-chain on either side of each tower, and the precise

adjustment of these forces constitutes a problem of great

practical importance in designing bridges of either class.

Girders or beams, on the contrary, are required to resist

their loads by the compound or counteractive power of the

tensile and compressing forces exerted by their particles

mutually against each other on the opposite sides of the

neutral plane or line ; so that the pressure imposed by the

beam with its load upon the end supports or abutments shall

act in a vertical direction only, or as a simply insistent

weight. Now, in order to realise this condition of equili

brium of the girder, its dimensions and proportions through

out have to be determined with reference to the amount of

force which the material is capable of exerting in resisting

the extending and compressing action of the load. This

force varies,—1st, according to the vertical distance of the

upper and lower sides from the neutral plane, or axis;—

and 2ndly, according to the nature of the material employed.

Thus, the greater the vertical distance between the upper

and lower sides respectively and the neutral plane, the greater

will be the resistance exerted by the beam against the power

of the load to compress and to extend it. The strength of

the girder is hence in proportion to its depth : and the ruio
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for ascertaining the power of bodies of rectangular section to

resist the transverse fracture is based upon the principle that

this power varies directly with the breadth and square of the

depth of the girder, and inversely with its length. To apply

one general formula for ascertaining this strength to various

materials, it is necessary to introduce one element into the

calculation, the value of which varies according to the mate

rial, and must be determined by experiments. Using S to

denote this variable number ; b, the breadth in inches ; d, the

depth, also in inches ; I, the length in feet ; and w, the weight

in pounds, the general formula is

Sbd2 = lw.

The value of S has been determined for several materials

as applicable to beams or girders, supported at each end and

loaded in the middle.

Cast iron 2548

Malleable iron 2050

Teak 820

Ash 675

Canadian oak 588

Pitch pine 544

Red pine 447

Mar Forest fir 415

English oak 400

Kiga fir 376

Larch 280

This also represents the order of the strength of the

eleven materials enumerated to resist transverse loads. The

strengths thus found are the ultimate or extreme strengths,

only one -third of which can be safely permitted for a prac

tical load which shall not injure the texture of the beam.

On the other hand, the load is here supposed to be collected

in one point or line on the centre of the length of the beam ;

whereas, practically, the maximum load to be provided for

will be distributed over its whole length, and the load thus

sustained will be double that which can be borne on a

central point or line across the beam. The formula fur
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finding the maximum safe load, equally distributed, will

therefore be

S J 1/» 2 ,

or the same result may be found by using 1699 instead of

2548, for the value of S in cast iron.

Subsequent experiments by Mr. Fairbairn and Mr. Hodg-

kinson have shown that in cast iron the power found by this

formula is somewhat too high. These experiments were

made upon fifty-two different kinds of cast iron, both hot and

cold blast, from the principal Iron Works in the United

Kingdom, and also including samples from Elba, and Sama-

koff in Turkey. The bars upon which the loads were placed

in the middle were of various dimensions as to length,

breadth, and depth ; but the results will be much simplified

and rendered more readily applicable by reducing them all

to one uniform section and length, and deducing an average

from the whole of the varying results. Thus reducing the

bars to an uniform breadth and depth of 1 inch, and length

of 4 feet 6 inches, or 54 inches, the mean breaking weight

of all the trials made upon each kind of iron varied from

581 lbs. to 357 lbs., the average of the fifty-two kinds of iron

being 449"36 lbs. To reduce this breaking weight for bars

4 feet 6 inches long to a strength per inch of length, in order

to arrive at a rule of general applicability, we may multiply

the weight found of 449-36 lbs. by the number (54) of inches

in the length of the bars experimented upon, the product of

which is 10 tons 16-6 cwt., which we may call 11 tons. This

being the strength per inch, the strength of any beam of rec

tangular figure may be found by multiplying this average

unit of 11 tons by the transverse sectional area of the beam

and by its depth, and dividing the product by the length.

All of these dimensions being taken in inches, the quotient

will be in tons, representing the weight which will just break

such a beam. To take an example, let it be required to

uncertain the breaking weight of a cast-iron beam of average
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quality of metal and rectangular section, of which the hreadth

is 2 inches, the depth 5 inches, and the length between the

bearings 5 feet, or 60 inches.

11 X 10 x 5 ... .
■ = 9 16 tons,

60

or about 9 tons 3 cwts. 1 qr. : whereas by the rnle before

quoted (S b di — I w), S being for cast iron 2048, the

weight would be

2548 X 2 X 25 .. .„U „ , , . - -
= 25480 lbs., or 11 tons 7 cwts. 2 qre.

6

The rectangular form of transverse section is, however,

the strongest for a loaded beam only upon the assumption

that the forces by which it resists compression and extension

are equal to each other, whereas it has been found by expe

riment that this is not the case in some (if indeed it is in

any) of the materials of which beams are composed. Thus,

cast iron has been found capable of resisting compression

with six times the force that it exerts in resisting extension ;

from which it follows, that in order to derive the greatest

strength from any given quantity of that material in a beam,

that side of it which acts against extension, or the under side

—the load being on the top—should have six times as much

iron as is necessary in the upper part of it, which resists

compression.

Again, as the maximum compressive force acts at the upper

limit of the beam, and the maximum extending force acts on

its lower limit, both of these forces being reduced to zero at

the neutral plane, the distribution of the material should be

regulated with a corresponding greater bulk at the limits of

the section, and diminished towards the neutral plane.

The form of section determinable by these conditions will

therefore assume a resemblance to the outline of two vertical

cones, whereof one is inverted over the other so that their

apicis meet, and the lower one containing six times the bulk

of the upper and inverted one. A more familiar idea of the
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outline may be derived by comparing it to that of a sand or

hour glass, with the difference only of the inequality of the

two compartments.

The form of section which has been suggested and prac

tically adopted in the manufacture of cast-iron girders as

approaching this theoretical figure, is that of an upper and

lower horizontal flange, of which the areas are in the propor

tion of 1 to 6, with a thin vertical web, or rib, between and

connecting them. The selection of this form has been sanc

tioned by the assumption, which we submit is erroneous, that

the greatest strength of the girder is obtained only when the

entire material is collected at those points where the com

pressing and extending forces are acting with the greatest

power. Hence it has been inferred that the theoretical, but

impracticable, form of section of maximum strength requires

that " the material of the extended side and the material

of the compressed side be respectively collected into two

geometrical lines parallel to the vertical axis ;—a distribution

manifestly impossible, since it would produce an entire sepa

ration of the two sides of the beam." * Now this condition

is manifestly as unnecessary, at least, as it is impossible. The

equilibrium of the beam simply requires that at the moment

when the load begins to surpass its strength, and rupture is

about to commence, every particle of the material shall be

performing its full duty in resisting this tendency. The

assumed occasion for collecting the total material in those

limits of the beam at which rupture is commencing, could

arise only if the rupture were instantaneous throughout the

entire depth of the beam, an " if" which is utterly inconsistent

with the existence of compressing and extending forces.

The accession of strength obtained by adopting a sectional

form, designed with reference to the action of the compressive

and extending forces at different distances from the neutral

plane, has been shown by experiment to be four-elevenths :

that is, the unit of strength or cast-iron beams, which, if of

* " Mechanical Principles of Engineering," by Professor Moaeley.
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a rectangular section, is, as we have shown, 11 tons, is in

creased to 15 tons when the top and bottom of the beam are

formed with greater material in the form of projecting flanges

than the middle portion of it, in the section known as the

equal flanged or I-section. But by arranging the material

of the section with reference to its comparative power of

resisting the two forces of compression and extension, which,

in cast iron, as we have stated, is as 6 to 1, a still greater

strength is derived ; and the unit of 11 of the rectangular

beam, increased to 15 in the equal-flanged beam, is now in

creased to 19 in the beam whose section consists of an upper

flange and a lower flange of 6 times the area of the upper

one, the two being united by a central vertical rib. Using

these units respectively instead of 11, the rule given for

rectangular sections is equally applicable to those of equal

and unequal flanges.

Theory and experiment concur in showing that the uniform

transverse strength of a beam throughout its length between

the supports or abutments does not require an equality of

sectional area in all parts, the strength of the beam being

inversely as its length, and the effect of a given load diminish,

ing towards the supports. Hence the area of the section

may be reduced from the middle of the beam, at which the

greatest strength is required, towards the supports, at which

the least is sufficient. The diminution of sectional area thus

allowable, should, according to the law by which the load

operates, be made so that the outline of the longitudinal

figure of the beam is an elliptical curve for a passing load,

and a parabolic curve for a fixed load.

Being possessed of these few elementary notions of the

action of arched, suspension, and girder bridges, and of the

principles which determine the form of the latter when con

structed of cast iron, we will now turn our attention to the

malleable form of the metal, and, from the results of experi

ments upon it, deduce a comparison of the properties of the

two forms of the metal.
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In structure, malleable iron is essentially different from cast

iron, the one being fibrous and the other crystalline. In

cohesive power, or that power by which materials resist forces

applied to tear them asunder, malleable iron is far superior to

cast iron. The results of experiments show that the ultimate

cohesive power of English bar iron equals 25 tons per square

inch of the cross section of the bar. The power of Russian

bar iron is stated at 26-7 tons, and of Swedish bar iron at

29-2 tons ; the average of the three kinds is thus 26-96 tons,

which may be called 27 tons ; while the cohesive power of

cast iron is only 7'87 tons; the proportion of the one to the

other being thus as 27 to 8. This being the ultimate cohesive

power, or representing that force which the bar is just able to

resist, must be divided by at least three, to show the maximum

strain to which the bar should be exposed. The elastic power

of the metal, however, or the power which it has, on the

removal of the load, to return its particles to their former

condition, is of course much less than the total cohesive power

which it is capable of exerting in resisting a force equal to

their absolute separation. Thus, while the cohesive force of

wrought iron is, as stated, equal to 27 tons per square inch,

its elastic power, according to the experiments conducted by

Mr. P. Barlow, is about 10 tons per square inch in good iron,

and as low as 8 tons in inferior qualities. Taking the average,

or 9 tons, we may consider that its elastic power is one-third

of its cohesive power.

Upon the transverse strength of bars of malleable iron of

rectangular section, as far as their elastic force is preserved,

we may quote from Mr. Barlow's experiments, which were

very carefully conducted, in the course of his inquiry into the

best form for malleable-iron rails. These experiments were

made upon bars \\ inch in breadth, 3 inches in depth, and

33 inches in length between the bearings, the pressure bein^

applied in the middle of them. The deflections produced iu

two of these bars, and the average, were as follow :—
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EXPERIMENTS ON BARS OF MALLEABLE IRON.

Deflections.

Weights.

Bar, No. 1. Bar, No. 2.
Average of the

two Bars.

Tons. Inch. Inch. Inch.

-5 -059 -017 -038

10 -074 -037 (?) -055 (?)

1-5 -083 -052 -067

20 -095 -061 -078

2-5 -101 -064
■082

3-0 -109 -078 -093

35 -120 -089 -104

40 -131 -102 -117

4-5 -148 -124 -136

The elasticity of these bars was preserved at a pressure of

about 4J tons, but injured at 4| tons. The average maximum

deflection which the bars suffered without injury to their

elasticity would therefore be between "117 and '136 inch.

Adopting the medium, or "126 inch, we may infer that this

represents the maximum deflection which such bars can bear

within their elastic power. The elastic force of cast iron is

less than half of this, being, according to the rule* generally

employed and derived from experimental results, -0504 of an

inch for a beam of the same dimensions as these malleable

bars. From the experiments conducted upon malleable bars

of the double-flanged or I-form, a complicated rule has been

derived, which it is not necessary to give in this place,

although, by way of showing the increased strength given

to the bar by disposing the material in this double-flanged

form, we will apply this rule to a bar having the same quan

tity of material, and length and depth of section, as the two

rectangular bars upon which Mr. Barlow's experiments were

tried, but with part of the material removed from the sides,

and disposed as flanges on both sides of the central rib, in

such a manner that the width over the top and bottom flanges

* This rule is, " Multiply the square of the length in feet by -02, and

the product, divided by the depth in inchw, will equal the deflection.
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is 2| inches, and their depth J inch, the vertical rib being

thus reduced to ^ inch in thickness. Such a beam or bar

will support 6-18 tons without injury to its elasticity, while

the rectangular bars of equal sectional area supported only

4'25 tons. The gain in strength is thus 1 93 tons, or nearly

45 per cent.

In the remaining property of resistance to compressive

force we shall find that wrought iron is similarly superior to

cast iron. The formulae which have been deduced from

experiments upon the resistance exerted by solid cylinders of

the two metals to a compressing force, are as follows :

5562 d *
For cast iron W =

For malleable iron W -

4 d1 + -18 Z3'

11125 rf4

4d' + -16l"'

in which formulae W is the weight which the cylinder will

support in pounds ; I, the length in feet ; and d, the diameter

in inches. Let us apply these to two cylinders 5 inches in

diameter and 2 feet in length. In the cast-iron cylinder,

9562 X 625 = 1 14913 lbs., or 6 tons

100 + -18 X 4 I 13 cwts. 17 lbs.

In the malleable-iron cylinder,

11125 X 625 -^ 1 17355 lbs., or 7 tons 14 cwts.

100 + -16 X 4 ~~ I 3 qrs. 23 lbs.

The resistance to compression in the two metals is, there

fore, as 14,913 to 17,355, or very nearly as 6 to 7. The

properties of the two materials may be thus compared, and

the amount possessed by each expressed in figures.

Cast iron. Malleable iron.

Cohesive power as 8 to 27

Elastic power „ 2 „ 5

Resistance to compression . . „ 6 „ 7

In these three properties, which compose the practical

value of these materials in construction, the malleable metal is

thus shown to be greatly superior to the cast metal, although
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this sinperiority is by no means of similar amount or extent

throughout. But knowing the ratio in which either material

possesses two of the properties, that of the other material may

be readily deduced. Thus we know that cast iron resists

compression with six times the power it exerts in resisting

extension, that is, its resistance to compression is 6 times

greater than its cohesive power. Hence representing the

cohesive power by 8, the resisting power will be 8 X 6 or 48.

In malleable iron the cohesive power will be expressed in

true ratio to 8 of the cast iron by the number 27. But its

resistance to compression being only one-sixth more than that

of cast iron, the ratio of this power will be 48 to + 8, or 56.

It follows from this, that while the cohesive power of cast

iron is to its resistance against compression as 8 to 48, or as

1 to 6, these properties exist in wrought iron in the propor

tion of 27 to 56, or nearly 1 to 2. This simple comparison,

deduced from data which have been long before the public,

enables us to understand that the strongest form for a wrought-

iron girder will not have a similar proportion of parts to that

for a cast-iron girder, and that while the lower flange of the

latter should contain six times as much metal as the upper

flange, the lower flange of the wrought-iron beam should

have only twice as much as the upper one.

These proportions refer to solid girders, and of course are

applicable only within certain limits ; but these limits are

sufficiently comprehensive for all practical purposes, and thus

the proportions are in effect universally applicable to such

girders.

If it came within our purpose to attempt to account for

this difference of ratio of powers in the two kinds of iron, we

would suggest that it might be traced to the difference of

their structural condition. A crystalline and non-fibrous

material, such as cast iron, may readily be supposed deficient

in that strength to resist pulling asunder, which we find to

reside in all fibrous materials whatsoever, the parts of which,

beyond their simply molecular structure, appear to be capable
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of exerting a power of holding each other together by a kind

of interlacing in the longitudinal direction. But although

devoid of this power, the simply granular formation of cast

iron and similar materials requires a total motion of the par

ticles before yielding to compression, which is not so impera

tive in the fibrous material ; and by way of illustrating this,

the tendency of fibrous materials, when compressed beyond

endurance, to laminate, or separate into thin sheets or scales,

might perhaps be adduced.

That these rules will not equally apply to hollow or tubular

girders might be readily anticipated, and has been proved by

the experiments undertaken by Mr. Fairbairn in determining

the dimensions and proportions for the Britannia Bridge.

The first point to be determined was the form of the tube,

and with this view experimental tubes were constructed of

several sectional forms, viz. circular, elliptical, and rectan

gular. The first series of experiments were tried on the first

of these, viz. the cylindrical tubes, or those of circular trans

verse section. The lengths of these, or distance between the

supports, varied from 15 feet 7g inches to 31 feet 8£ inches ;

their diameters varied from 12 inches to 24-3 inches ; the

thickness of the plates of which they were constructed varied

from '037, or about -fa of an inch, to "135, or about T2T of an

inch ; and the breaking weight varied from 2,704 lbs. to

14,240 lbs. The two smallest, thinnest, and weakest of these

tubes failed by being crushed on the top, thus showing a

deficiency in their power to resist compression as compared

with their power to resist tension. The seven other tubes

failed by being torn asunder at the bottom through the line

of the rivet-holes, thus showing that neither the ultimate

cohesive power of the metal, nor its power to resist com

pression, was exhausted by the weight which sufficed to

break through the parts weakened with the holes for the

rivets. These, therefore, were proofs of construction rather

than material. The series of nine experiments and their

results may be tabulated thus :—
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No. 3 a tube of nearly the same length and diameter as that

used in the first experiment, but with 3£ times the thickness,

required 4£ times the breaking weight, and then yielded

through the lower rivet-holes, while the top effectually

resisted the crushing tendency of the weight. Whence we

may infer that the greater comparative weakness of the first

tube arose from a positive deficiency of material, by which

it was prevented from maintaining its form long before the

structural strength of the metal was brought into action.

Assuming that the weakness occasioned in experiments 4

to 9, by the holes cut in the plates for the rivets, was in the

same ratio as the actual weakness of the material, we may

compare the results of these six experiments, as if the tubes

had in all cases yielded by the destruction of the full cohesive

power due to the thickness of their plates, and we shall find

the results vary nearly in the same ratio as the conditions of

the several trials. Thus, in experiments 4 and 5, the tubes

being the same length, and of nearly equal diameter, the

thickness of the plates varying also only in a slight degree

(as 58 to 63), the breaking weight was found to be precisely

the same ; while comparing these with the tube used in the

sixth experiment, which was of the same length and similar

diameter, but of plates about double the thickness of those

used in experiments 4 and 5, the breaking weight was found

to be also about double that in those experiments. Again, in

Class D, the tubes used being of equal length and nearly equal

diameter, the breaking weights are found to vary similarly

with the thickness of plates : in the two tubes (experiments

7 and 8) of equal thickness,* -0954, or less than -fa of an inch,

the breaking weight varied only from 9,760 to 10,880 lbs., or

about 11 per cent. The tube used in the ninth experiment,

being of the same length and nearly the same diameter as

those used in Nos. 7 and 8, had plates of about 50 per cent,

greater thickness, and, accordingly, sustained a weight greater

in nearly the same proportion.

In all the seven last experiments we remark the great
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strength of these tuhes, which, from their small dimensions,

could scarcely have been anticipated. Thus, in experiment

No. 3, we have a tube nearly 16 feet long and 1 foot in

diameter, only '131, or about £ of an inch in thickness,

requiring 11,440 lbs., or 5'1 tons, to break it; and the frac

ture then occurring in a line where the greatest tensile power

was required, and the greatest weakness produced by the

holes for the rivets. With such dimensions, we should have

expected a total distortion of the tube would have been pro

duced with much less weight. The same may be said of the

remaining experiments generally, but between Nos. 3 and 8,

and Nos. 3 and 9, an interesting comparison may be drawn.

Thus, in the eighth experiment, we have a tube double the

length of that used in the third, and of double the dia

meter, that is, four times the sectional area, and eight times

the capacity, formed of plates thinner in the proportion of

95 to 131, and yet requiring very nearly an equal weight

to break it, the proportion being as 18 to 19. And in

the third and ninth experiments, we have results yet more

striking. In the latter case the tube was of double the

length and diameter, or, as in the 8th, four times the sec

tional area, and eight times the capacity,—the thickness equal

or varying only as 135 to 131,—yet the breaking weight of

the longer tube was considerably more than that of the

shorter tube, being in the proportion of 14,240 to 11,440 lbs.,

or 6'3 to 5-l tons. As both tubes yielded at length by

the weakness caused by the rivet-holes, without suffering

previous crushing on the top, we may suppose that neither

the power to resist crushing, nor the cohesive power of this

small quantity of material thus disposed, was exhausted even

by this great weight. Let those who did not witness the

experiments imagine a tube 31 feet in length, 2 feet in

diameter, and only ^ of an inch in thickness, loaded with

6 tons and 7 cwt. before it can be made to yield ; and to

form a notion of the amount of this weight, we should try

that of a single half-hundred weight by lifting it, and then
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These experiments are grouped together in three classes,

and numbered consecutively from the last, the numbers

having no reference whatever to the order in which the ex

periments were conducted.

Upon these results Mr. Fairbairn remarks, " It will be

observed that the whole of these experiments indicated weak

ness on the top side of the tube, which, in almost every case,

was greatly distorted by the force of compression acting in

that direction. It is probable that those of the cylindrical

form would have yielded in like manner, had the riveting at

the joints been equally perfect on the lower side of the tube.

This was not, however, the case, and hence arise the causes

of rupture at that part."

The results of the two experiments in Class E are somewhat

striking : the tubes were of nearly equal length, diameters,

and area; the thickness of plates in the proportion of about

1 to 3'5, while the relative strengths were found to be as 21

to 150, or nearly 1 to 7-5. As the thinner of these tubes

yielded by being crushed on the top, it would appear that

the extreme thinness of the plates (about -^ of an inch)

caused the distortion of the tube before the virtual strength

of the metal was called into action. In Class F we have

two experiments which fairly show the value of the increased

thickness of the plates. The tubes used were of equal length,

and of similar diameter and sectional area, but of different

thicknesses ; and the increased thickness, in the proportion of

132 to 69, augmented the strength in the proportion of 171

to 73, and caused the tube to yield by extension instead of

compression. The tube used in the single experiment in

Class G was 1 foot more in length than that in No. 11, of

much less sectional area,—in the proportion of 70 to 114,—

about half the thickness of metal, and bore less than half the

weight. Although this tube had a fin on the top, it yielded

by compression, while that in the eleventh experiment was

ruptured on both sides. This result seems to favour the

supposition already suggested, that the yielding by compres
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The four experiments in Class H were with square tubes—

the remainder were performed upon tubes whose depth more

or less exceeded their width, and the strength of which varied

generally with the depth. The value of the increase of depth

is evident by comparing No. 18 with No. 20. These tubes

were of equal length, and similar width and thickness of

plates ; the former having the advantage, however, in the

bottom plates, in the proportion of 75 to 59, and a very slight

inferiority in the top plates, viz. as 142 to 149. But the

tube in experiment No. 20, being nearly twice the depth of

that in No. 18, required nearly double the weight to make

it yield, the proportion being 12,188 to 7,148, or nearly as

29 to 17. The difference in the manner of yielding must be

also remarked, as the deeper tube yielded by compression,

showing that its tensile power was not exhausted, while the

square tube gave way by extension.

The striking and highly important fact to be deduced from

these four experiments in Class H, however, is the great

accession of strength obtained by increasing the thickness

of the top plate only, the other parts remaining the same.

Thus the tube used in experiment No. 15 had its strength

more than doubled by giving an additional thickness of -197,

or about \ of an inch, to its top plate ; and while, in its

former state, the tube yielded by compression, its power of

resistance was so much increased by the thickened top plate

that it then yielded by extension. Comparing Nos. 15 and 17

together, it is seen that no additional power was derived from

doubling the bottom plate ; the tube still yielded by compres

sion to about the same weight. But when reversed so -that

the thickened plate was at the top, the tube being identically

the same in all respects, its strength was doubled, and yielded

at length by extension.

These results, as Mr. Stephenson has remarked, show

" that in such tubes the power of wrought iron to resist com

pression is much less than its power to resist tension," it

having " invariably been observed," as Sir. Fairbairn states,
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" that in almost every experiment the tuhes gave evidence of

weakness in their powers of resistance, on the top side, to the

forces tending to crush them." But we are not to accept these

results, true as they undoubtedly are, of wrought-iron fabrics

of limited dimensions, as proofs of the ultimate strength of

wrought iron. We have already shown (page 72) that upon

the best and admitted data, the cohesive powers of cast and

wrought iron are as 8 to 27, and that their resistance to com

pression is as 6 to 7. Now, adopting these proportions, and

the equally acknowledged fact that the cohesive power of

cast iron is to its resistance to compression as 1 to 6, or as 8

to 48, it follows indubitably that the resistance to compres

sion exerted by malleable iron (being to that of cast iron as

7 to 6, or as 56 to 48) must, compared with its cohesive

power, be as 56 to 27 ; or, in other words, if a cubic inch of

wrought iron may be broken by extension with a force of

27 tons, it will not yield to a compressing or crushing force

of less than 56 tons.

Practically, however, the results of these experiments are

of the highest value, as bearing upon the limits of strength

of girders of wrought iron built up or constructed of plates

in the manner proposed and adopted for the tubular bridges.

In cast-iron girders, formed, as they are, solid throughout, the

ultimate strength of the material may be applied ; but in those

formed of wrought-iron plates connected with rivets, ribs, &c.,

the constructive strength of the work, rather than the absolute

strength of the material, is the point of practical importance

in the design. In these cases the term " compression " is

scarcely properly applied ; the effect produced being really,

as described by Sir. Fairbairn, a " crippling or doubling up."

The power to resist compression thus becomes a power to

resist bending, and this is, of course, comparatively small in

thin sheets or plates even of wrought iron. In like manner,

the cohesive or tensile power is practically reduced to that of

the rivets, to withstand the strain upon them, or of the plates

at the longitudinal joints.
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The effects produced by thickening the tops of the tubes,

and reversing them in position, are thus described by Mr.

Fairbairn : " With tubes of a rectangular shape, having the

top side about double the thickness of the bottom, and the

sides only half the thickness of the bottom, or one-fourth

the thickness of the top, nearly double the strength was

obtained. In experiment 15, a tube of the rectangular form,

9 j inches square, with top and bottom plates of equal thick

ness, the breaking weight was 3738 lbs.

Riveting a stronger plate on the top side,

(experiment No. 16), the strength was in

creased to ... 8273 lbs.

The difference being 4535 lbs. ;

considerably more than double the strength sustained by the

tube when the top and bottom sides were equal. The experi

ments given in Nos. 17 and 18 are of the same character,

where the top plate is as near as possible double the thick

ness of the bottom. In these experiments the tube was first

crippled by doubling up the thin plate on the top side, which

was done with a weight of 3788 lbs.

It was then reversed with the thick side up

wards (experiment No. 18), and by this

change the breaking weight was increased to 7148 lbs.

Making a difference of 3360 lbs. ;

or an increase of nearly double the strength, by the simple

operation of reversing the tube, and turning it upside down.

" The same degree of importance is attached to a similar

form, when the depth in the middle is double the width of

tube. From the experiments (Nos. 19 and 20) we deduce

the same results in a tube where the depth is 18J-, and the

breadth 9i inches. Loading this tube with 6,812 lbs. (the

thin plate being uppermost), it follows precisely the same law

as before, and becomes wrinkled with a hummock rising on

the top side, bo as to render it no longer safe to sustain the

,ad. Take, however, the same tube, and reverse it with the
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thick plate upwards, and you not only straighten the part

previously injured, but you increase the resisting powers from

6,812 lbs. to 12,181 lbs. Let us now examine the tube in the

24th experiment, where the top is composed of corrugated

iron, forming two tubular cavities extending longitudinally

along its upper side. This, it will be observed, presents the

best form for resisting the "puckering," or crushing force,

which, on almost every occasion, was present in the previous

experiments. Having loaded the tube with increasing weights,

it ultimately gave way by tearing the sides from the top and

bottom plates, at nearly one and the same instant after the

last weight, 22,469 lbs., was laid on. The greatly increased

strength indicated by this form of tube is highly satisfactory ;

and provided these facts be duly appreciated in the con

struction of the bridge, they will, I have no doubt, lead

to the balance of the two resisting forces of tension and

compression.*

" The results here obtained are so essential to this inquiry,

and to our knowledge of the strength of materials in general,

that I have deemed it essential, in this abridged statement, to

direct attention to facts of immense value in the proper and

judicious application, as well as distribution, of the material

in the proposed structure. Strength and lightness are desi

derata of great importance, and the circumstances above

stated are well worthy the attention of the mathematician and

engineer.

" For the present we shall have to consider not only the

due and perfect proportion of the top and bottom sides of the

tube, but also the stiffening of the sides with those parts, in

order to effect the required rigidity for retaining the whole in

shape. These are considerations which require attention ; and

till further experiments are made, and probably some of them

upon a larger scale, it would be hazardous to pronounce any-

* These experiments on tubes with fins on the top and with the corra-

gated top, first led Mr. Fairbairn to propose the cellular distribution of the

material on the tops of the great tubes.
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thing definite as to the proportion of the parts, and the equali

sation of the forces tending to the derangement of the struc

ture. So far as our knowledge extends,—and judging from

the experiments already completed,—I would venture to state

that a tubular bridge can be constructed, of such powers and

dimensions as will meet, with perfect security, the require

ments of railway traffic across the straits,"—"and although

suspension chains may be useful in the construction in the

first instance, they would nevertheless be highly improper to

depend upon as the principal support of the bridge. Under

every circumstance, I am of opinion that the tubes should be

made sufficiently strong to sustain not only their own weight,

but, in addition to that load, 2000 tons, equally distributed

over the surface of the platform,—a load ten times greater

than they will ever be called upon to support. In fact, it

should be a huge, sheet-iron, hollow girder, of sufficient

strength and stiffness to sustain those weights ; and provided

the parts are well-proportioned, and the plates properly riveted,

you may strip off the chains, and leave it as a useful monu

ment of the enterprise and energy of the age in which it was

constructed."

It would thus appear, that at that early period Mr. Fair-

bairn had already determined that the proposed auxiliary

chains should be dispensed with.

In the following Table the results of some of the experi

ments upon each of the three forms of tubes, viz. cylindrical,

elliptical, and rectangular, are selected from the preceding

Tables, and arranged in corresponding columns, for the pur

pose of showing the proportion between the transverse sec

tional area, the quantity of metal or material, and the break

ing weight of each tube. The tubes are selected on account

of their similarity of length ; those tried in experiments 1, 2,

and 10, being each 17 feet in length, and the remainder 17

feet 6 inches. The relative quantity of metal is obtained by

simply multiplying the perimeter of each sectional area by the

thickness of plates used, both in inches and decimal parts.



GENERAL COMPARISON. 87

»~ X

*J

o 2*, io ,* O -* onoooj -* rti

a o «
CO 05 CO CO MNOO co a>

-2^^ CN —1 i-H CM i-H r-i rH !N i-H cn

|5 &o
o - -» -- n a. '* •. ,s —

O ai a
HJ •» "- •-*••-•' *, '-

Ph £

i—1 r-' I-H i-H i—1 r-4 r—1 i—f i—t T—t

EC .

«

MS
,* o o o C0 CO CO CO CM CO

^ © ,*
2 §

CO t- CO If i-H CO

IS
ffl?

^NO t-!Nt-rH CO i-H

"" of co~ C* «3 CO CO CO t-- CO tM

i—i l-H

"3
CN t— .-• 00 COMNN Tf TH

-2 • o 1o CO co OOl^OUJ r-1 i-H

3
.g A Ai t-H lO CN Tf CO CO TF ,*

CO .—1

8
l-H lO cq OS • '—' • CO

H
. CN CO CO ^ CN CO

<
0 i-H rl O i-i . 1J> CO

'" r-1 rH l—l r-4 r-1

^a
CO

lO

r O CO CN 1o " o
CN

&
O —I CDINON

te
.S . ai . 6i

r
,a i-i rH

Tt< Oi "O OS ^

a r-1 r-4
rJ3 • CO

C . OS

'O

CN

CO

.3

P

R
,"-

l-H

i

o 1 „ —, ,——,

- § —i <N O ^H U3 CO t- C0 OS O

° §
iH r-1 T—I I—t i—t v-H i- cq

i< p.
•-—^~J ^-r-^-^-^ s—-—^-^^-^ v—-—>

, M

H

-a
'a .

.3 »
rQ ,£)

a ,o
C8 3

S
02 H

0i

Mr. Fairbairn's experiments were thus reduced by Mr.

Ilodgkinson :—

Cylindrical Tubes.—The strength of a cylindrical tube

supported at the ends, and loaded in the middle, is expressed

by the formula

: —r ("4 " ,a' 4),
a I
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where I is the distance between the supports, a a the externa:

and internal radii, w the breaking weight,/ the strain upon a

unity of section as a square inch at the top and bottom of

the tube in consequence of the weight w, ir == 3-14159.

From this formula we obtain

. wl a

it (a* —.a'1)'

As it will be convenient to know the strain / per square

inch which the metal at the top and bottom of the tube is

bearing when rupture takes place, this value will be obtained

from each of Mr. Fairbairn's experiments ; the value id being

made to include, besides the weight laid on at the time of

fracture, the pressure from the weight of the tube between

the supports, this last being equal to half that weight. Oom-

putiug the results, we have, from

Experiment 1. / = 33426

2. / = 33455

3. / = 35462

4. / = 32415

6. / = 30078

6. / = 33869

7. f = 22528

8. / = 25095

9. / = 22655-

Fracture in all cases took place either by the tube failing

at the top, or tearing across at the rivet holes : this happened

on the average, as appears from above, when the metal was

strained 13J tons per square inch, or little more than half its

full tensile strength.

Elliptical Tubes,—The value of f in an elliptical tube

broken as before (the transverse axis being vertical), is ex

pressed by the formula

y Mean 29887 lbs. = 1334 tons.

/ =
w I a

,n (4 a3 — b' a' 3)'

where a a are

diameters, 6 b'

the semi-transverse . external and internal

the semi-conjugate external and internal
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diameters, and the rest as before, w including in all cases the

pressure from the weight of the beam. Computing the

results from Mr. Pairbairn's experiments, we have, from

Experiment 13. / = 36938 1

12. / = 29144 \ Mean 87089 lbs. = 16-65 tons.

17. / = 45183 J

Rectangular Tubes.—If in a rectangular tube employed

as a beam, the thickness of the top and bottom be equal, and

the sides are of any thickness at pleasure, then we have

3 w Id

J — 2 (id3— &'1f 3)'

in which d d" are the external and internal depths respectively,

b b' the external and internal breadths, and the rest as before.

Mr. Fairbairn's experiment No. 15 gives by reduction

/ = 18495 lbs. = 8-2566 tons.

This is, however, much below the value which some of my

own experiments give, as will be seen further on.

The value of f, which represents the strain upon the top

or bottom of the tube when it gives way, is the quantity per

square inch which the material will bear either before it

becomes crushed at the top side, or torn asunder at the

bottom. But thin sheets of iron take a corrugated form with

a much less pressure than would be required to tear them

asunder ; and therefore the value of f, as obtained from the

preceding experiments, is generally the resistance of the

material to crushing, and would have been so in every in

stance if the plates on the bottom side (subject to tension)

had not been rendered weaker by riveting. The experiments

made by myself were directed principally to two objects :—

1. To ascertain how far this value of / would be affected

by changing the thickness of the metal, the other dimensions

of the tube being the same.

2. To obtain the strength of tubes, precisely similar to

other tubes fixed on,—but proportionately less than the

former in all their dimensions, as length, breadth, depth, and
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thickness,—in order to enable us to reason as to strength

from one size to another, with more certainty than hitherto.
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Another object, not far pursued, was to seek for the proper

proportion of metal in the top and bottom of the tube.

Much more is required in this direction. In the three series

of experiments made, the tubes were rectangular, and the

dimensions and other values are given in the preceding page.

" The tube placed first in each series is intended to be

proportional in every leading dimension, as distance between

supports, breadth, depth, and thickness of metal,—and any

variations are allowed for in the computation. Thus the

three first tubes of each series are intended to be similar, and

in the same manner of the other tubes, &c.

" Looking at the breaking weight of the tubes varying

only in thickness, we find a great falling off in the strength

of the thinner ones ; and the values of / show that in these—

the thickness of the plates being "525, '272, -124 inch—the

resistance, per square inch, will be 19"17, 1447, and 7-74

tons respectively. The breaking weights here employed do

not include the pressure from the weight of the beam.

" The value of / is usually constant in questions on the

strength of bodies of the same nature, and represents the

tensile strength of the material ; but it appears from these

experiments that it is variable in tubes, and represents their

power to resist crippling. It depends upon the thickness of

the matter in the tubes when the depth or diameter is the

same ; or upon the thickness divided by the depth when that

varies. The determination of the value of /, which can

only be obtained by experiments, forms the chief obstacle to

obtaining a formula for the strength of tubes of every form.

"In the last Table of experiments the tubes were devised

to lessen or avoid the anomalies which riveting introduces, in

order to render the properties sought for more obvious.

Hence the results are somewhat higher than those which

would be obtained by riveting as generally applied.

" The tube 31 feet 6 inches long, 24 cwts. 1 qr. weight, and

•272 inch in thickness of plates, was broken by crushing at

the top with 22-75 tons. This tube was afterwards rendered
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straight, and had its weak top replaced by one of a given

thickness, which I had obtained from computation ; and the

result was, that by a small addition of metal, applied in its

proper proportion to the weakest part, the tube was increased

in strength from 22175 tons to 32-53 tons; and the top and

the bottom gave way together."

For the details of these and the subsequent experiments,

which are too extended to be introduced in this place, we

must refer to the elaborate work of Mr. Fairbairn iipon the

"Conway and Britannia Tubular Bridges," where they are

given with a mass of highly interesting correspondence, in

which the entire history of the proceedings is narrated, and

reductions of the experiments furnished.

SECTION VII.

Description of the Britannia Bridge—The Masonry—Britannia Tower

—Anglesea and Carnarvon Towers and Abutments—Arrangements

for constructing the Tubes—Main Tubes and Land Tubes—Description

of their Construction—Scaffolding and Staging—Arrangements for

floating the Tubes—the I'ontoons—Raising the Main Tubes—The

Hydraulic Press—Connecting the Tubes in the Towers—The Conway

Bridge.

Having: in the preceding section given an abstract of the

preliminary experiments upon wrought-iron tubes, we have

now to describe the structures erected over the Conway River

and the Menai Straits, and to show the admirable manner in

which the material has been disposed to obtain the necessary

strength for rigidity for bridges of such vast extent, designed

to sustain the heavy weight and momentum of railway trains.

Of these bridges, that over the Conway was the first con

structed, and was in itself an instance of triumphant success

in design and execution; but as the Britannia Bridge far

surpasses it in dimensions, and embraces similar works upon

n,nn extended scale, besides others not required in the Conway
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Bridge, it will be advisable to devote our detailed notice to

the former structure, and then point out the differences

between it and the smaller one.

The shores of the Menai Straits, opposite the Britannia

rock, and at the point which Mr. Stephenson selected for his

passage, are somewhat different in their character and outline.

On the Carnarvon side the shore rises abruptly from the

water's edge, and shelves upward with a gentle inclination, so

that a horizontal line which passes at an elevation of 100 feet

"ver the water is, when extended about 400 feet inland from

the water-line, only a few feet above the natural surface of

the ground. On the Anglesea side the rocky surface extends

for a considerable distance, and at a length of about 250 feet

from the water-line the surface is from 80 to 90 feet below

such a horizontal line as that just described. The conse

quence is, that the embankment required to continue the

railway from the Anglesea end of the bridge is much higher,

and more extended, than that needed at the Carnarvon end

of the bridge.

The Britannia rock, which rises from the bed of the strait,

near the middle of its width, is at high water covered to a

depth of 10 feet, and stands at low water about 10 feet above

it, the tide commonly rising 20 feet. On this rock a noble

tower of masonry is erected, and at the clear distance of 460

feet from it, at the limit of the water-way, another tower is

built on either side of it. At the distance of 230 feet from

each of these towers, a continuous abutment of masonry,

176 feet in length, is erected, and the further extremities of

these abutments constitute the two ends of the bridge. The

masonry of the edifice thus consists of—

The The The The The

Anglesea Anglesea Britannia Carnarvon Carnarvon

Abutment. Tower. Tower. Tower. Abutment.

The sides of these five stupendous masses of masonry are

tapered or formed with a straight batter, by which the size

of the upper parts is reduced, and greater firmness given to
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the mass, with a corresponding boldness in the character of

the design. These work3 are of the following general dimen

sions.

Britannia Tower—62 feet by 52 feet 5 inches at the base,

and reduced by the batter to 55 feet by 45 feet 5 inches at

the height of 102 feet above high-water line, at which level

the tubes pass through it. A plinth extends round the base

of this and the other towers ; and the height of this tower

above high-water level is 200 feet, or nearly 230 feet from

the bottom of the foundation on the rock. The stone used

for the external parts of this, and the other towers and abut

ments, is a limestone of hard and durable quality, known as

" Anglesea marble." It is quarried at Penmaen, on the shore

and near the north-eastern extremity of the island, and is

"got" in stones of great size, some of them weighing 10 to

14 tons. The interior of this and the other masonry is con

structed of red sandstone, which is a soft stone, and therefore

readily worked. It is quarried at Euncorn, in Cheshire, and

is durable for inside work. The solid contents of this tower,

if solid, would exceed 575,000 cubic feet, but it is constructed

with hollow spaces or chambers within it, and the quantify of

stone said to be actually used in it is 148,625 cubic feet of the

limestone, and 144,625 cubic feet of the sandstone. The

total weight of the masonry in this tower is about 20,000 tons,

and about 387 tons of cast iron in beams and girders are built

in it. The two views in Fig. 19 will give a good idea of its'

general proportions and appearance—the first of them being

an elevation transverse to the direction of the railway, and

showing the openings for the two tubes, while the other shows

the elevation on the face of the bridge, with a portion of the

tube projecting on each side.

The foundations were laid, and the work up to the level of

high-water was constructed, during the intervals of the tide,

no coffer-dam being employed, and thus some months were

occupied in laying the first course, which was commenced in

May, 1846. The scaffolding used for this and the other
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Fig. 19.

 

parts of the work was of whole timbers or balks, put together

with iron straps and bolts where required, and braced with

diagonal half-balks connecting the upright posts. Parallel

timbers were laid horizontally on the tops of the posts, and

rails fixed upon them ; and upon these rails, travelling crabs

or "jennies" were enabled to pass in both directions to pick

up the stones from the ships, raise them to the required

height, and deposit them exactly in their intended places.

The stones in the whole of the masonry are left with the

quarry or rough face, except at the angles, where they are

dressed to a square arris, and in the recesses and top entabla

ture, where they are dressed to a fair face all over.

Anglesea and Carnarvon Towers.—The same dimensions

at the base as the Britannia tower, viz.—62 feet by 52 feet 5

inches, reduced by the batter to 55 feet by 32 feet at the level

of the bottom of the tubes ; height from level of high water

190 feet, or 10 feet less than the Britannia tower. In archi

tectural design and general appearance these towers exactly
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platform. The upright posts are connected at intervals with

horizontal heams of similar dimensions, from 12 to 15 inches

square, and strengthened with inclined struts, besides diagonal

1 I 1 M 1 1 1 1 1 1 1 1 1

 

Fig. 21.

braces and longitudinal ties of half-timber. Longitudinal

sills are laid on the posts with cross beams, and upon these

strong planking is laid, forming a continuous platform upon

which transverse balks are arranged, and carefully adjusted

as the bearings upon which the foundation plates of the tubes

are laid out, and the whole of the work erected.

Staging and Platforms for building the Main Tubes,

Workshops, &c.—The site selected for the construction of the

four main tubes, each of which is 472 feet in length, being an

allowance of 6 feet at each end beyond the net span of 4G0

feet, was on the margin of the shore on the Carnarvon r

f2
'
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and to the south of the bridge. An

intermediate space was occupied with

offices and workshops ; and on the

higher part of the ground, wooden

cottages, for about 500 workmen.were

built. In order that the building of

the four tubes might proceed simul

taneously, a series of four strong

stages were erected upon piles, and

a continuous platform laid from end

to end of the site. The staging was

also extended inland, so as to provide

space for several workshops, steam

engine, stores for cordage, &c. &c.

In these workshops, machinery for

punching and shearing the plates, and

preparing the several parts of the

tubes, was erected, besides vices,

lathes, &c. &c, and all necessary

tools provided for the workmen.

Fig. 22 will convey an idea of the

kind of staging and platform for each

of the large tubes, consisting of tim

ber-posts and struts, with top stringers

and beams, and covered with stout

planking. At each end a pier of

masonry was built, extending under

each end of the tube for a length of 6

feet. When each tube is completed,

the platform is removed, and the tube

is entirely supported upon these end

piers, by which means the deflection

of the tube, caused by its own weight,

can be immediately ascertained, and

its variation (if any), from day to

day, noted. Parallel with the line
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of each tube, and just outside its boundaries, two lines of

rails are laid, upon which a traversing stage is moved with

winches. This stage is sufficiently wide and high in the

transverse opening to stride the tube, and along the top of it

a little crab, moving upon wheels, may be made to traverse

the width of the work, and thus applied to raise the plates

and materials in every part of it. Similar stages and gearing

a e also used in building the land tubes, and portable furnaces

accompany the men employed in riveting, as the building of

t'.ie tubes progresses.

The Tubes, —their dimensions and construction.—The four

separate tubes, which make up each line of way through the

bridge, will be, when the work is completed, united together ;

so that instead of eight separate tubes, there will then be only

two parallel tubes, each of the length of 1,513 feet, or about

f ths of a mile. For this purpose short lengths of tube are

constructed within the towers, and the ultimate union of these

with the main lengths will make up each complete and con

tinuous tube of the length here stated. The portions of tube

which will eventually occupy the Anglesea and Carnarvon

towers are constructed on the Bcaffolding at either end, and

after the main tubes are raised to their places these portions

are launched forward to meet them, and properly connected

together. The spaces thus left vacant between the portions

thus advanced and the land tubes, are then filled up by

building intermediate portions of tubing, and the whole con

nected together. To provide for the changes in length of

these extended lengths of iron-work, produced by variations of

temperature,* each tube is fixed in the middle of its length,

that is, in the centre of the Britannia tower, but left perfectly

free to contract or expand in its total length, by being simply

supported upon rollers of cast iron, where it passes through

* It appears from the experiments of the late Professor Daniell, an

reported in the " Philosophical Transactions" for 1831, that a variation of

76° Fahr. produces a change in a bar of malleable iron equal to ijtsVo"*'"

of its length.
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each of the towers and abutments With the ordinary range

of the thermometer, the change of length thus produced will

probably equal 12 inches, representing a movement of 6 inches

in each half of the tube. The transverse sectional form of the

tube is rectangular throughout, and its sides are perfectly

parallel, that is, its width is uniform from end to end, but the

height is slightly varied. The height externally is 30 feet at

the centre in the Britannia tower, reduced to 22 feet y inches

at the extremities in the abutments, the bottom line being

Fig. 23.

^~^P~Vr—v V "¥ 3Y T If T
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horizontal, but the top

line forjaing a parabolic

Ckrve, the rise of which

thus equals the difference

in height, or 7 feet 3

inches. The clear height

inside is reduced by the

construction, as will be

presently described, to

26 feet at the centre, and

18 feet 9 inches at the

ends. The width exter

nally is 14 feet 8 inches,

reduced by the construc

tion to 14 feet inside the

plates, and from this

width another deduction

is made by the ribs of

7 inches, leaving a clear

width of 13 feet 5 inches

for the railway inside.

Fig. 23, which repre

sents a cross section of

one of the tubes, shows

the general form of their

construction. The covering of the tubes consists of malleable-

iron plates connected together by rivets with ribs of T aud

A

ir

I
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L iron, besides strips of flat bar iron over the joints. The

top and bottom portions of the tubes are strengthened with

internal longitudinal tubes or cells, of which there are eight

in the upper part, and six in the lower. The greater number

of these cells, and correspondingly increased quantity of

metal in the top of the tube, gives greater stiffness and power

to resist the crippling or bending, which the experiments

showed the weight has a tendency to produce.

The plates are of various dimensions and thicknesses.

Those forming the sides are reduced in thickness from the

ends towards the middle of the tube, and those forming the

top and bottom are increased in the same direction according

to a scale carefully worked out for the several successive

portions of the length of the tube.* The side plates are

alternately 6 feet 6 inches and 8 feet 8 inches long, and all

2 feet wide. They are arranged vertically, so that the joints

occur at every 2 feet ; they are i inch thick in the middle of

the length of the tube, and f inch thick at the ends. The

top plates are all 6 feet in length, 1 foot 9 inches in width,

and in thickness varying from £ inch at the ends of the tube

to f- inch in the middle. The bottom plates are of much

larger dimensions, being 12 feet long, and 2 feet & inches

wide ; they are laid in two layers, and the plates in each are

,Js inch thick at the ends of the tube, and T9ff inch thick in

the middle of the main tubes. The difference in width of the

top and bottom plates is occasioned by the difference in the

number of cells in the top and bottom of the tube, 1 foot 9

inches being the width of each of the eight top cells, and 2 feet

4 inches the width of each of the six bottom cells. All the

joints of the plates are " but-joints," that is, they meet each

other at the edges, without overlapping. The horizontal

joints at the ends of the plates are covered with plates of iron

* For the particulars of this scale we must refer to Mr. Fairbairns

work already mentioned, " Conwav and Britannia Tubular Bridges," by

Will. Fairbairn, C.E. Weale, lUi'J.
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on both sides, and firmly riveted through them, and this

mode of joining and strengthening is adopted throughout.

Fig. 24 shows a side elevation of part of the tube and the

Fig. 24.

 

arrangement of the plates, with the covering plates over the

end or horizontal joints of the side plates, and the large

covering plates over the joints of the upper and lower plates

forming the sides of the cells.

Fig. 25 shows a plan of part of the top of the tube with

the joints in the plates alternating with each other, and
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strengthened with covering plates. The joints in the longi

tudinal joint plates are

fcimilarly strengthened

with plates.

The internal verti-

cslframes upon which

tbe plates are fixed

are chiefly of T-iron.

These ribs are bent

at right angles at the

ends, and extend for

about 2 feet along the

top and bottom plates

of the principal, com

partments of the tube.

The plates forming

the sides of the tube

meet with a " but-

joint" over the centre of the rib, and a similar rib being placed

outside in reversed position, the whole are firmly riveted

together. At those parts of the tube which pass through the

towers, its extreme width is reduced by substituting flat bar

iron for the outside T-iron ribs. The vertical joints of the

main tubes are strengthened for about 60 feet at each of the

ends by a strong plate 9 inches wide, which passes at right

angles between the edges of the plates, and the connection of

the plates is effected by rivets through four ribs of L-iron,

fitted into the angles. Every sixth rib throughout the entire

length is strengthened with an additional plate, inside, meet

ing the edge of the T-iron rib, and firmly connected by means

of rivets and side plates, or flitches. Figs. 26 to 30 show the

sections of rib-iron employed, and the several modes of

forming the frames.

t 3
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Fig. 26 represents the sections of T-iron and L-iron used

for the ribs. The former, t, is 5 inches wide over the table,

 

 

and 3| inches deep ; the latter, l, is 3i inches wide each

way.

Fig. 27 shows the kind of joint used in connecting the side

plates within the towers ; s s are the side plates of the tube,

p is the outside covering plate ; and t, the inside rib of T-iron.

Fig. 28 shows the ordinary framing of the ribs and side

 

 

IK

plates ; s s are the side plates of the tube ; o r, the outside,

and i r, the inside ribs of T-iron.

Fig. 29 represents the framing of 30 of the vertical joints

at each end of the main tubes, showing the central plate,

against which the ends of the side plates are fitted, with the

four L-iron ribs in the angles, the whole of which are firmly

riveted together.
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Fig. 30 shows the framing adopted

at every sixth of the vertical ribs, or

every 12 feet distance throughout the

main tubes ; s s are the side plates of

the tube ; t, the outside rib of T-iron ;

a a, the flitches of plate iron ; and b,

the filling-in plate, riveted between

them.

Fig. 31 is a perspective sketch of

a part of one of the ordinary vertical

joints, showing a portion of two side

plates, meeting at the centre of the

inside and outside ribs. This figure

also shows the manner in which the

joints of the T-iron ribs are strength

ened with side pieces of L-iron, and

riveted through them.

The angles of the principal com

partment of each tube are strength

ened with triangular plates of iron,

technically called " gussets," riveted

through the ribs of T-iron, and shown

in Fig. 23. The gussets at every sixth

rib are of larger dimensions, being

about 5 feet in height and 1 foot 9

inches in width.

The Cells are formed with vertical

partitions of plate iron connected at

the angles with the upper and lower

plates by horizontal ribs of L-iron,

fitted to the angles, and firmly riveted.

The L-iron used for this purpose in

the top cells weighs 45 lbs. per yard,

and that in the bottom cells 27 lbs.

per yard. The top and bottom edges

of the side plates of the tube are in
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like manner riveted to the horizontal plates, forming the cells

through ribs of L-iron in the angles.

The rails for the railway are supported in chairs upon

continuous longitudinal timbers,' which are supported upon

pieces of L-iron, reversed so as to form brackets, and riveted

through plates of iron 9 inches wide, set on edge, and fixed

across the tube at intervals, and secured to the vertical T-irou

ribs, and the plates forming the top of the lower cells.

Riveting.—The rivets are a full inch in diameter, and

arranged in rows. The spaces between the centres of the

rivets are 3 inches in the vertical joints, and 4 inches in the

horizontal joints. The rivets are heated in portable furnaces,

which are moved from place to place as the work proceeds ;

from these furnaces they are taken up with tongs and placed

in the holes punched for them, and the ends firmly clenched

or riveted before cooling, with heavy hammers. The rivet-

head thus formed is then finished by hammering a steel cup-

shaped tool upon it, and the contraction of the length of the

rivet in cooling draws the plates closely together with' a con

siderable force. The number of rivets is said to be 327,000

in each of the main tubes, and about 2,000,000 in the entire

bridge. A very beautiful machine, upon the principle of the

Jacquard loom, was invented by Mr. Roberts, for the purpose

of punching the holes in the plates. By this machine, which

is nearly self-acting, the precise distances and intended posi

tions for the holes are very truly observed, and the design

displays a most skilful arrangement of parts, being in this

respect similar to many other contrivances which have

emanated from the same clever machinist.*

It is almost needless to observe that in the preparation of

the plates, and execution of the whole work, judicious means

and practical contrivances have been adopted in facilitating

the construction, and rendering it uniform and correct in all

its details. Thus, templates were prepared for the plate3 and

* An elaborate and well illustrated account of thia machine will be

found in the " Civil Engineer and Architect's Journal" for 1848.



BEARrNQ-ROLLERS, ETC. 109

ribs, &c, and all the holes truly marked with unerring preci

sion and certainty, so that all the parts, when presented to

their intended positions, should be found to "fit." Large

portions of the plating for the tubes were thus put together

partially on the platform, and being raised to their places

with the stages and tackling described, were speedily fixed

in their true positions, and required the straightforward work

of riveting only to complete their connections.

Bearing Rollers and Frames, Bed-plates, &c.—The tubes,

in passing through the towers and abutments, are, as we have

described, supported upon rollers. These rollers, with the

frames in which their axes revolve, and the cast-iron plates

between which they work, are shown in Figs. 32 and 33.

Fig. 32 is a plan of

one set of rollers with

their frame. One of

these frames is placed

under each side of each

end of each tube, so

that thirty-two sets of

rollers and frames are

employed altogether.

Each set comprises

twenty-two rollers, ar

ranged in two parallel

rows, and 6 inches dia

meter, turned over the

surface and formed with

axes projecting at the

ends. These axes re

volve freely in holes

drilled in a parallel

frame of wrought iron,

formed in pieces bolted

together, as shown in

the figure, and the

Fig. 32.
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depth of which is less than the diameter of the rollers, eo that

it is perfectly free from the cast-iron plates with which the

rollers are in contact.

Fig. 33 shows a front view of the cast-iron plates and of

the intermediate rollers and frame. In these figures, a a is

the wrought-iron frame for the cast-iron rollers ; b, a bed of

wood for the under roller-plate of cast-iron, c ; and d is the

upper roller-plate on which the tube simply stands, and is,

therefore, free to move according to the contraction or expan

sion which it undergoes. The dimensions of these plates and

frames are varied, being somewhat less towards the ends of

the tubes than in the middle.

The ends of the tubes are also supported by an apparatus

of cast-iron girders and gun-metal balls, which are thus ap

plied : longitudinal girders are fixed upon the projecting ends

of cross girders built in the walls of the towers ; these lon

gitudinal girders are formed with a groove or channel in the

upper surface, and in these grooves the gun-metal spheres,

6 inches in diameter, are free to move. Similar girders are

placed over these, having a corresponding groove on theii

under side, and thus free to move over the spheres. Upon

these upper girders, transverse girders are fixed, which pass

over the tube and are fixed to it with strong bolts, 3 inches

in diameter, which stand up vertically above the tube, bolted

to its side, and, passing through holes cast in the transverse

girders, are secured to them with screwed nuts. These girders

and balls are shown in Figs. 40 and 41, and will be further

referred to in the subsequent description of those figures.

Cast-iron Frames, Girders, &c.—The ends of the tubes in

the towers are stiffened with cast-iron frames of considerable

dimensions. These frames, which are composed of horizontal

and vertical girders, strongly bolted together and notched

into each other at the joints, are represented in Figs. 38 and

39, which will be hereafter referred to. Three of these frames,

or sets of girders, are built in at each end of each tube, being

placed in the spaces between the T-iron ribs, and those por
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dons of the tube which pass through the towers have these

cast-iron frames throughout them.

Under each end of each of the four main tubes, three cast-

iron girders, or key-beams are provided, and which, as soon

as the tube reaches its intended elevation, are put iuto their

permanent places beneath it. Each of these beams is 24 feet

in length and 4 feet in depth, and weighs 11 tons.

Fig. 34.

 

Fig. 34 represents a section of one set of these beams, and

an elevation of the cast-iron frame or box built in the masonry

within which they are placed. During the raising of the

tubes, these beams are drawn back from their final position,

and their projecting ends are supported upon scaffolds borne

upon wooden struts, and held up with wrought-iron ties, as

shown in the perspective sketch, Fig. 37, which will be pre

sently described.

Weight of the Tubes.—The weight of each of the main

tubes is said to be 1,600 tons, besides cast iron in the fixed

frames, probably 1 50 tons in weight. Of these 1,600 tons of

malleable iron, 500 are calculated to be disposed in the

bottom, 500 in the top, and 600 in the sides. The weight of
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each of the small tuhes, when quite complete, is 660 tons, so

that the total weight of iron in the two completed tubes, each

1,513 feet in length, will probably he about 9,644) tons. Now

it may be interesting to calculate the average thickness of

motal throughout the tube to which its weight is equal. For

this purpose we will take one of the main tubes, and consider

it as a rectangular body of the uniform width of 14 feet,

depth 29 feet, and length 472 feet, and excluding the cast

iron, we will take its weight at 1,600 tons. Then

29 x 2 = 58

14 X 2 = 28

86 X 472 = 40,592 superficial feet;

and dividing the number of pounds, 3,584,000, contained in

1,600 tons, we get a quotient of 88-3 lbs. as the average

weight per superficial foot ; and taking the weight of a super

ficial foot of wrought iron, one inch thick, at 40 lbs., we have

a total weight of malleable iron in each of the main tubes

equal to an average thickness of 2-2 inches in the top,

bottom, and sides.

Floating the Main Tubes. The Pontoons, dec.—The

floating of the tubes from the building stage to the base of

the towers was a work involving considerable preparatory

arrangement. Each tube being completed was, as we have

said, left to bear upon the piers of masonry at its ends ; and

the intermediate length of the tube, 460 feet, is left free, the

staging below being wholly removed. For the purpose of

transporting the tube, eight floating vessels or pontoons were

provided. Six of these are of wood, and were used in

floating the Conway tubes ; the other two are of iron. They

are flat-bottomed, and the sides inclined outward towards the

top, like an ordinary washing trough, and are made of iron

plates and ribs, in the ordinary method of iron ship-building.

Each of these iron pontoons is 98 feet long, 25 feet wide, and

11 feet deep, and is capable of supporting 400 tons. When

bearing the tube, they draw 5 feet of water. - In the bottom

of each pontoon, large valves are fitted, which, being kept
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usually open, admit the tide, and thus prevent them from

rising. The first operation for floating the tube is bringing

these pontoons under it, at low water, and arranging them in

two groups of four each, one group near each end of the tube.

The valves are then closed, and the rising of the pontoons

with the tide lifts the tube from its bearings, and the whole

becomes a connected floating body.

The next operation,—that of towing and guiding this mass,

472 feet in length and 98 in greatest width, covering an area

three times that of the leviathan ' Great Britain,'—was one

which called for skill and experience in the highest degree, in

maturing all the required arrangements, calculating the time

likely to be occupied in the removal, and " bringing her up

alongside," in handsome style, and with all the nicety, more

over, needed for the exact position in which alone the tube

could be ready for lifting. Calculating that the towing would

occupy one hour and a half, it was arranged that the start

should take place thus much before high water, and with a

current of three miles an hour. This towing into the middle

of the stream was performed with large capstans, each worked

by fifty men on the opposite shore, the hawsers being made

fast to the pontoons at each end. For the purpose of guiding

it, two large hawsers were laid down the stream, one on either

side, one end of them being secured to the towers between

which the tube was intended to be raised, and. the other to

fixed points upon the shore, about half a mile from the bridge.

These hawsers passed over the pontoons, and through fixed

sockets, in an apparatus called a " cable stopper," by which

either hawser could be instantly gripped, if necessary, so as to

arrest the motion of the tube. The action of these " cable

stoppers," the invention of Mr. C. H. Wild, who was engaged

with Mr. E. Clarke, under Mr. Stephenson, in superintending

the construction of the tubes, is simple and effective. The

socket through which the cable passes is in two parts longi

tudinally, and the upper part, which works vertically between

two strong cheeks or frames, is pressed down on the top by a
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powerful screw, similar to that of a

common Bcrew-press, worked by

means of handspikes fitted into the

capstan-head of the screw. By these

means any required force can be ap

plied in gripping the cable, and thus

stoppiug the progress of the floating

mass. Besides these towing and

guiding cables, several smaller ropes

were secured to the pontoons, and

capable of being taken in or given

out by capstans at various convenient

points on the shore.

The tube having arrived at the

feet of the towers at high water, the

next work, that of depositing it on

the projecting plinths of the towers,

which form shelves, as it were, for

that purpose, had to he accomplished

during the fifteen minutes whilst the

tide ceases before the return. Figs.

35, 36, and 37 will show the manner

in which the tubes were received

upon the towers, and the latter

formed for the purpose. Of these

figures, 35 represents the lower part

of the Anglesea and Britannia towers,

a and b ; t is the tube supported

upon the eight pontoons, and ready

to be deposited upon the projecting

plinths of the towers. In this figure

the tube is shown in dotted lines as

inserted within the recess left in the

Britannia tower, and in the Anglesea

a portion of the masonry is left out,

forming the side of the recess, and of

a height sufficient to admit the tube.
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Fig. 36 shows a sectional

plan of the two towers, a and

b. The former has two re

cesses on one side for receiving

the main tubes, and the latter

similar recesses on both sides

for the same purpose. One

tube, t, is shown as in its r

place, and the side of the re- 1

cess at e built up ; the other,

T", is represented as still on

the pontoons, one end being in

the recess of the Britannia

tower, and the other end ap

proaching its place in the

Anglesea tower, the side of

the recess in which, shown in

dotted lines, is still unbuilt to

receive it.

Fig. 37 is a perspective

sketch of the lower part of

the Anglesea tower after the

raining of one tube and during

the raising of the other. It is

now referred to in conjunction

with Figs. 35 and 36, as show

ing distinctly the mode of get

ting the tubes into the recesses

by leaving out the sides of

them at the lower part; but

the other points illustrated in

this figure will claim our notice

and proper description pre

sently.

Of the two lines of railway

which will eventually be per
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Fig. 37.

 

fected through the bridge, one—the northern—will be first

completed, requiring the erection of two of the four main

tubes. And the first of these two tubes erected has been that

at the west end of the bridge, or between the Anglesea and

Britannia towers. At this time (Nov. 1849), this one only

if the tubes has been erected and completed ; and the followr
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ing sketch of the proceedings connected with the floating of

the tube on the 27th of June last, written by an eye-witness,

is sufficiently interesting and authentic to be quoted. After

the preliminary arrangements for letting go had been com

pleted, Mr. Stephenson and other engineers got on the tube,

as also Captain Claxton, R.N., famed for releasing the 'Great

Britain' from her dangerous imprisonment in Dundrum Bay,

to whom the management of the floating was intrusted.

" Captain Claxton was easily distinguished by his speaking-

trumpet, and there were also men to hold the letters which

indicated the different capstans, so that no mistake could occur

as to which capstan should be worked ; and flags, red, blue, or

white, signalled what particular movement should be made

with each. About half-past seven o'clock in the evening, the

first perceptible motion, which indicated that the tide was

lifting the mass, was observed, and, at Mr. Stephenson's

desire, the depth of water was ascertained, and the exact time

noted. In a few minutes the motion was plainly visible, the

tube being fairly moved forwards some inches. This moment

was one of intense interest; the huge bulk gliding as gently

and easily forwards as if she had been but a small boat. The

spectators seemed spell-bound ; for no shouts or exclamations

were heard, as all watched silently the silent course of the

heavily-freighted pontoons. The only sounds heard were the

shouts from Captain Claxton, as he gave directions to ' let go

ropes,' to ' haul in faster,' &c, and ' broadside on :' the tube

floated majestically into the centre of the stream. I then

left my station and ran to the entrance of the works, where I

got into a boat, and bade the men pull out as far as they

could into the middle of the straits. This was no easy task,

the tide running strong ; but it afforded me several splendid

views of the floating mass, and one was especially fine ; the

tube coming direct on down the stream,—the distant hills

covered with trees,—two or three small vessels, and a steamer,

its smoke blending well with the scene,—forming a capital

background ; whilst on one side, in long stretching perspec
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live stood the three unfinished tubes, destined ere long to form,

with the one then speeding on its journey, one grand and

unique roadway. It was impossible to see this imposing sight

and not feel its singleness, if we may so speak. Anything so

mighty of its kind had never been before ; again it would

assuredly be ; but it was like the first voyage made by the

first steam vessel,—something till then unique. At twenty-

five minutes to nine o'clock the tube was nearing the Anglesea

pier, and at this moment the expectation of the spectators was

greatly increased, as the tube was so near its destination ;

and soon all fears were dispelled as the Anglesea end of the

tube passed beyond the pier, and then the Britannia pier end

neared its appointed spot, and was instantly drawn back close

to the pier, so as to rest on the bearing intended for it.

There was then a pause for a few minutes while waiting for

the tide to turn ; and when that took place the huge bulk

floated gently into its place on the Anglesea pier, rested on

the bearing there, and was instantly made fast, so that it

could not move again. The cheering, till now subdued, was

loud and hearty, and some pieces of cannon on the shore gave

token, by their loud booming, that the great task of the day

was done." * When in its position, the tube is made to settle

down upon a bed of timber on its bearings at the feet of the

towers, by opening the valves in the pontoons, and thus sink

ing them sufficiently to free them from the tube.

Lifting the Tubes with the Hydraulic Presses.—If there is

one part in the design of these stupendous bridges which

evinces boldness greater than another, it is in the first idea

of raising a weight of 1,800 tons, through an elevation of

100 feet, over a rapid stream of 460 feet in width, and utterly

without scaffulding of any kind over the opening. The power

to be employed for this gigantic purpose, and the manner of

employing that power, are two problems of startling novelty,

and which threatened to involve immense practical difficulty.

* Correspondent of the Illustrated London News, June 30, 1849.
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The happy adaptation of the buoyant power of water, so suc

cessfully realised in the floating of the tubes, promised no

assistance in the raising of them ; yet with the aid of simple

machines, actuated by this same liquid, which by a law of its

action multiplies to an almost unlimited degree the minimum

of power applied to it, these tubes are raised with the utmost

facility, and with all the regularity and safety of motion whicli

characterise mechanical operations upon a smaller scale.

These machines, known as Hydraulic, or Hydrostatic

Presses, are adapted for gaining great power ; acting, how

ever, through a limited space. The invention of the appa

ratus belonged to the- late Mr. Joseph Bramah, who, on

March 31, 1796, obtained a patent for it, under the title of

" certain new methods of producing and applying a more

considerable degree of power to all kinds of mechanical appa

ratus and other machinery requiring motion and force, than

by any means at present practised for that purpose." The

operation of this machine is founded upon the elementary

principle in hydrostatics, that " when a liquid mass is in

equilibrium, under the action of forces of any kind, every

molecule, or part of the mass, sustains an equal pressure in all

directions." The consequence of this principle is, that a pres

sure exerted on any portion of the surface of a confined mass of

fluid is propagated throughout the mass, and transferred, undi

minished, to the entire surface in contact with the water. In

the middle of the 17th century, Pascal suggested the applica

tion of this principle to the operation of a press, but to Bramah

is due the credit of first realising this suggestion in a practical

form. The hydraulic press has been employed to a consider

able extent in pressing goods for packing, expressing vegetable

oils, and. other similar purposes. By its aid, moreover, the

performance of experiments upon the strength of various mate

rials has been much facilitated. In the testing of iron girders,

anchors, and other similar productions intended to sustain

great weights and strains, this powerful apparatus has been

usefully engaged for many years in the English dockyards
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and the establishments of iron-founders and manufacturing

engineers. But its most recent and distinguished employment

is in the elevation of the tubes for the railway bridges over

the river Conway and the straits of Menai.

Hydraulic presses consist of two essentially distinct parts,

viz. the press, or machine, in which the acquired force is

applied, and the pumping apparatus,'by which the water is

forced into the press ; these two parts, constituting the entire

apparatus being connected only by a pipe through which

the water passes from one to the other. The press consists

mainly of the cylinder, into which the water is admitted, and

which is solid at one end, and open at the other to receive

the ram, plunger, or piston, which is solid and cylindrical, and

turned to fit the bored opening in the cylinder. This opening

is enlarged at a few inches from the face, so that, although

the ram fits it closely along these few inches, an annular space

is left within, between the ram and the cylinder, and into this

space the water is forced by the pump. The pump needs

no detailed description here, being of the ordinary kind used

for forcing liquids, and is varied in its parts, form, and dimen

sions, according to the particular applications of the apparatus.

The pump is usually worked by manual labour, with a lever-

handle, and the rule for finding the increase of power com

manded by the pump is derived, first, from the ratio of the

areas of cross section of plunger of pump and ram of press ;

and, secondly, from the ratio of the leverage of the pump-

handle. Thus, suppose the plunger to be j- inch, and the

ram 10 inches in diameter, and the arms of the lever or

handle as 1 to G, the power will bo thus found :

•75a : 10a

Multiplied by 1 : 6.

•5625 • 600 ;

that is, 1 : 1066-06 ;

and thus a power equal to 20 lbs. applied on the end of the

pump-handle will produce a pressure equal to 21,333'20 lbs.

on the ram, or 9 tons 10 cwt. 3 qrs. T20 lbs.
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In order to apply the power of the presses to the lifting of

the tube, and, as already said, without scaffolding of any kind

under it, it was necessary to act at the ends of the tube. The

hydraulic press—well selected as the instrument of elevation,

on account of the great power it affords—is, as already stated,

adapted to move only through limited spaces. The presses

employed at the tubular bridges, although of unexampled size

and power, were fitted only for a motion of 6 feet ; that is, the

ram was susceptible of only 6 feet vertical from the cylinder.

Hence the whole elevation through which the tubes for the

Britannia Bridge were required to be raised (about 100 feet)

could not be effected in one continuous movement, but required

a succession of " lifts," each of 6 feet, and sufficient in number

to complete the total raising. Now, in order to bring the

rams into action for this purpose, they were required either to

press upward against the bottom of the tube, and thus push

it ; or, being placed above the tube, to be made to act upon

chains so as to draw them upwards, and with them the tube,

fixed to their lower ends. The latter alternative was adopted,

and the presses accordingly were firmly located in the upper

part of the towers, immediately over the ends of the tube,

and at such height as allowed for the total elevation of the

tubes, without disturbing the position of the presses. In thin

manner the tubes for the Conway Bridge were raised by

means of two presses, one at each end of the tube. The

rams of these presses are 18f inches in diameter, and the

cylinders 20 inches internally, so that an annular space \% of

an inch wide remains between them, for the action of the

water. The cylinders are 37J inches in diameter externally,

the metal being thus 8f inches in thickness. For the raising

of the tubes of the Britannia Bridge these two presses are

used in combination at one end, viz. in the Britannia tower;

and at the other end a single press of larger dimensions is

employed. Of this press, the ram is 20 inches in diameter,

and the metal of the cylinder 11 inches thick.

For the purpose of forcing the water into the cylinders of

G
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these presses, two steam engines, each of 40-horse power, are

employed. The cylinders of these engines are arranged

horizontally, 17 inches in diameter, and 16 inches stroke.

The piston-rods work through stuffing-boxes in both ends of

the cylinder, and, being continued, form the pistons of the

forcing-pumps. These pumps are 1-J^ inch in diameter,

and 16 inches stroke. The pipe for conveying the water

into the cylinder is £ inch bore, and J inch thick, so that its

external diameter is 1 inch, made of wrought iron. The

power applied to the pump is thus increased in the ratio of

the areas of lyiff to 20 inches, or as 1 to 355. If the full

power of the engine, equal to that of 40 horses, were exerted,

the available power thus produced in the press would equal

the product of 355 and 40, or that of 14,200 horses. The

actual work done by the one large press at one end of the

tube, or the two smaller ones at the other, is of course equal

to raising half the tube, or 900 tons. The power exerted by

the head of the ram, 20 inches diameter, is thus equal to

2"25 tons, or 5,040 lbs., per circular inch.

An accident which occurred to the large press in the

Anglesea tower during the lifting of the first of the Britannia

tubes deserves notice, because we may thence deduce an

useful lesson for future guidance in similar cases, and more

over it accounts for a considerable delay in the raising of the

tube, which might otherwise appear inexplicable in the history

of the bridge. On Friday the 1 7th of August, 1849, after three

of the 6-feet lifts had been successfully accomplished on pre

vious, days, the lifting was proceeding, and T\ of a lift, or 2 feet

6 inches, attained, when, between 11 and 12 o'clock in the

morning, the bottom of the cylinder " burst out," and being

entirely separated from the remainder of the casting, it fell with

terrific force—weighing about 1 J ton—on to the top of the tube

below, a depth of from 70 to 80 feet. The resistance to the

weight being thus suddenly destroyed, the ram of course de

scended the part of the lift accomplished, and the tube would

*V* also fallen through a similar space of 2 feet C inches, had
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not a most wise precaution been adopted by Mr. Stephenson,

viz. following up the ascending tube with packings of wood

1 inch thick, which are introduced within the recess as rapidly

as the tube rises. These packings are then carefully removed,

piece by piece, and the spaces filled in with brick-work in

cement, so as to be nearly flush with the outer lines of the tower.

As it was, the total falling of the tube was about only one inch.

The falling part of the cylinder produced a deep indentation

in the top of the tube below, and, unfortunately fatally struck

a poor sailor employed on the works, who was ascending a rope-

ladder from the tube to the press. We may now again refer to

Fig. 37, which is a perspective sketch of the Anglesea tower,

and shows one of the tubes as elevated to its place, and its

fellow tube as partly raised. It also shows the three cast-iron

key-beams already described as drawn out and supported on

a bracket platform. When the tube is lifted to its full height,

these beams are driven into their permanent places in the

boxes which are built into the towers, and thus serve to sup

port the ends of the tube while the chains and lifting frames

are detached. The rising tube is also shown as accompanied

with a stage, slung in the scale fashion with chains from the

tube, and upon which the workmen are supported for the pur

pose of packing the wooden slabs under the tube as it rises,

and building up the recess with brick-work in cement.

As to the cause of the bursting of the cylinder, it has been

explained with reference to the peculiar form of the casting at

the place of fracture, and to the known liability of cast iron to

cool irregularly, and contract unequally, a liability which is

dangerously increased in the case of such an immense mass of

cast metal as this cylinder necessarily is. The bottom of the

cylinder appears to have been nearly if not quite flat internally

and externally, and thus not only are continuous angles formed

by the meeting of the inner and outer cylindrical and piano

surfaces respectively, which always operate against an uni

formity of pressure and consequent density or compactness

throughout the metal, but the thickness of metal through
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these angles being greater—as the diagonal to the square—

than elsewhere, this part is the last to cool, and consequently

the least able to obey its tendency to contract. Hence, as is

often observed in similar forms of casting, these parts are

comparatively much more open in the ultimate grain of the

metal than the other parts, and correspondingly weaker.

At the late meeting of the British Association for the

advancement of Science, held at Birmingham in September

last, Mr. Stephenson, at the request of the members of the

Mechanical Section, explained the nature of the accident,

and the precautionary measures he had fortunately. adopted,

and from the report* of his explanation we quote the follow

ing interesting extract :—" Mr. Stephenson explained the

machinery adopted for raising the tubes, and stated that the

plan originally proposed was by lifting the tube to the height

of fi feet at a time, and then allowing it to be suspended by

chains to the cross-head during the time the masonry below

was carried up ; but this plan was abandoned, fearing that if

an accident should take place, either by the bursting of the

press or the breaking of a link of the chain, the tube would

be totally destroyed if it fell through such a height as 6 feet,

or even to 6 inches. He then considered that the only way to

proceed was by packing in timbers, inch by inch, under the

tube, as it was being lifted ; so that, in case an accident did

take place, the tube would not have to fall through a greater

space than an inch ; and this was the plan adopted at the time

of the accident. To show how necessary it was to proceed

thus, Mr. Stephenson explained, that although the tube fell

through the space of only an inch, it broke down iron beams,

each sufficient to bear 500 tons weight. It will be seen that

by this process the tube was never allowed to be suspended

in the air; and as a further precaution, he intended in future,

when the raising was again in progress, to pack in underneath

the cross-head of the press, by driving in iron wedges as the

\ Published in the " Civil Engineer and Architect's Journal " for

X 1849.
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tube is raised, as well as under the tube : thus, if the press

were to break down, neither the cross-head nor the tube could

fall through a greater space than an inch. He described the

nature of the fracture which occurred through the angle of the

bottom, and when it fell out the piece formed the frustrum of

a cone. At the time the presses were at work, there was not

1 ton pressure to the square inch, the area of the fracture

being 1,316 square inches, and the weight suspended on the

press 1,000 tons. The press was calculated to bear 3J tons.

a pressure to which hydraulic presses are frequently subjected

for manufacturing purposes. When lilting the Conway tubes,

they commenced by lifting both ends simultaneously ; but

when the engines had been at work for a short period, it was

observed the tube had got into a tremulous motion, like a

wave. In consequence, this operation was stopped, and a

consultation held, when it was considered that it was occa

sioned by working the pumps at each end of the tube simul

taneously, and it was decided to work the engines at each end

alternately. By adopting this mode the motion was got rid

of. Mr. Stephenson believed the fracture took place in conse

quence of the unequal cooling of the iron at the angle of the

cylinder ; he has therefore decided upon having two cylinders

cast in some other form,—one with a hemispherical bottom of

the same thickness as the cylindrical part; and the other with

an open bottom or neck formed through it, having an internal

shoulder on which a plate may be laid to close the opening."

A new cylinder, formed in the first of these improved shapes,

has subsequently been applied, and has successfully raised the

tube to its final elevation.

Cast-iron Frames,for strengthening the Ends of the Tubes,

and for attaching the Lifting Chains.—It has been already

stated that the ends of the tubes are strengthened with

massive frames of cast iron fitted to the interior, and bolted

to the plates of the tube, and also to each other, at tho

joints.

a 2
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Fig. 38.

Fig. 39.

 

Figs. 38 and 39

represent the frames

employed for this pur

pose. In Fig. 38,

a a are vertical side

frames of cast iron,

fitted to the inside of

the plates, and bolted

to them ; b b are hori

zontal frames simi

larly secured, firmly

bolted, and closely

fitted to the vertical

frames ; o shows the

manner in which other

cross girders were

connected with, the

vertical frames, for the

purpose of connecting

the chains. In the

Conway tubes, two of

these lifting frames

were used at each end

of the tube, one over

the other. In the

Britannia tubes, three

are employed, similarly arranged, one over the other, the ends

of them fitting under deep notches or shoulders formed in the

vertical frames, and firmly bolted thereto. By way of pro

viding additional safety, two very thick straps of wrought

iron pass over the upper pair of cast-iron beams from a

central point above, and descend in the inclined positions of

the sides of the letter a into the bottom cells, where they are

secured with strong wrought-iron keys. The vertical parti

tions forming the bottom cells are, for a length of from 8 to

12 feet at each end of each of the tubes, strengthened with
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thick cast-iron cheeks, or flitches, of the same width as the

plates, 1 foot 9 inches ; one of these cheeks being placed on

each side of each of the vertical plates, and firmly bolted

through. Fig. 39 shows a transverse section of one of the

strengthening frames (a a, Fig. 38), which are 12 inches

deep, 15 inches wide over the face, 3 inches thick in the outer

flange, and 2 inches in the inner one.

Figs. 40 and 41 show the combined arrangements for lift

ing the tubes of the Conway Bridge, with the hydraulic press,

chains, &c, and the cast-iron lifting-frames. Fig. 40 is a

transverse section through the tube and front elevation of the

press. Fig. 41 is a longitudinal section of the end of the tube

and section through the middle of the press. Referring to

these figures, we will describe first the parts which perma

nently belong to the construction of the tube and its connec

tion with the tower, and afterwards the temporary apparatus

employed for the purpose of lifting the tube.

a a are the two side and top and bottom beams of cast

iron, forming one of the sets of castings used to strengthen

these parts of the tube, as already described.

b b are the cast-iron flitches or cheeks bolted against the

vertical plates forming the partitions of the lower cells.

c c, the lower bed-plates of cast iron, resting upon bearings

of wood, D D.

b e, cast-iron rollers, upon which p f, the bed -plates of the

tube, rest, and are capable of longitudinal motion in either

direction.

The top of the tube is connected by strong wrought-iror,

bolts, gg, with a series of transverse cast-iron girders, h h

These girders are connected by sockets in their lower flanges

with two longitudinal girders, i i, which are capable of longi

tudinal motion, as they rest upon spheres of gun-metal, as

before mentioned, working in a groove on the upper surface

of the bearing plates, J J, which are fixed upon the projecting

ends of transverse girders of cast iron, k k.

The temporary parts introduced for the purpose of stiffening
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the ends of the tube

during the raising

and also of connect

ing the lifting chains

are as follows :—

l l, two pairs of

cast-iron girders or

lifting frames, fixed

horizontally across

each end of the tube,

and bolted within re

cesses formed in the

vertical cast - iron

frames, a a. In the

Britannia tubes, three

pairs of these girders

were used, the upper

and under ones for the

purpose of attaching

the lifting chains, and

the intermediate one

tc/assist in supporting

the sides of the tube.

The lifting chains,

m h, are formed in

links with notches at

one end of each alter

nate link, as shown at

n n, Fig. 41. These

notches fit into corre

sponding ones on the

lower flanges of the

cross girders, l l ; and

when these are bolted

in their places the

links are, as shown in

Pig. 41, held firmly

between them.

Fig. 41.
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The press by which these chains are drawn up, and the

tube thus raised, is shown above the tube in the place in

which it is first fixed, and which it occupies during the whole

operation. In lifting the Conway tubes, each of the presses

was supported upon a pair of double girders of cast iron,

marked o o in the figures, resting at the ends upon longitudinal

girders, p p, built in the masonry. In lifting the Britannia

tubes, however, wrought-iron girders are judiciously substi

tuted for those of cast iron. Each of these wrought-iron

girders is composed of 12 plates of best iron, 2 feet in width

and a full inch in thickness, firmly fastened together, so that

the girder consists of a well-connected mass of wrought iron,

having a transverse section 24 inches in depth, and 12 inches

in width. At the ends, these wrought-iron girders are sup

ported upon cast-iron transverse girders, fixed upon benches

formed in the masonry of the towers.

The press consists principally of four parts, viz. the cylinder,

q, the ram or piston, r, the pipe, s, by which the water is in

troduced from the pumps, and the cross-head, t. The cylinder

rests within a cast-iron jacket or casing, u u, supported upon

the transverse girders, o o, already described. The forcing of

the water into the cylinder causes the ram to rise, forcing up

with it the cross-head, t. Upon the cross -head two pairs of

clamps, v v, are fixed, which embrace the notched ends of the

chain links, and are screwed up tightly against them with

screws, x x. These screws have cogged wheels, y, fitted to

their ends, and an intermediate pinion turned by a winch, z,

gives motion to the wheels of the two screws. A similar

arrangement of clamps and gearing is fixed below at w w.

The action of the press is preserved in a true vertical direc

tion by fixed guide-rods, 1 1, secured above to a cross-girder,

q, and upon these rods the cross-head slides upward, as the

action of the press continues.

The chains here represented are evidently highly impor

tant members of the apparatus, as any failure in them would

of course, involve the falling of the tube. Each set of links
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consists of eight and nine alternately, the eight being made

somewhat thicker than the nine, so as to contain an equal

total strength. Each link is 7 inches wide, about 1 inch

thick, and exactly 6 feet in length between the centres of the

eyes at the ends. They are manufactured by a process, for

which a patent was granted, October 6, 1845, to Mr. Thomas

Howard, of the King and Queen Iron Works, Rotherhithe,

and entitled " improvements in rolling iron bars for suspen

sion bridges and other purposes." By these improvements

wrought-iron bars are rolled with the ends or heads of in

creased breadth in one entire piece, and chains thus manu

factured are worthy of much greater confidence than those

of which the links are made in separate bars and heads, and

united by the uncertain process of welding. Besides the

application of these chains to the lifting of the Conway and

Britannia Bridges, they are employed in the permanent con

struction of the large suspension bridge erected by Mr. W. T.

Clarke over the Danube, at Peeth, and of the Russian bridge

at Kieff, now in course of erection by Mr. Vignoles.

In concluding this description of the Britannia Tubular

Bridge, it should be mentioned that the masonry of the cen

tral, or Britannia tower, was commenced in May, 1846 ; that

the first rivet for the tubes was put in on August 10, 1847.

It is now expected that one line of railway will be completed

through the bridge in March, 1850. If so, or even allowing

two months later, four years only will have been occupied

since the commencement of the tower ; a period remarkably

short, when all the uncertainties and possible casualties be

longing to so novel and extended a work are considered.

The contractors for the masonry and scaffolding are Messrs.

Nowell, Hemmingway, and Pearson. One of the large tubes

was constructed by Messrs. Garforth, of Dukinfield, Man

chester ; the remainder of the tubes by Mr. C. Mare, of

Blackwall. The hydraulic presses were constructed by

Messrs. Easton and Amos, of Southwark.

The Conway Bridge, which, as already stated, preceded
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the Britannia, is erected within a few feet of Telford's sus

pension bridge, and close beneath the ancient walls of Conway

Castle. It consists of one span only of 400 feet, clear width,

and two abutments of masonry, of which the design is in har

mony with that of its venerable neighbour, the castle. The

height of the tubes above the level of high water is incon

siderable when compared with that of the Britannia tubes,

being only 18 feet. Each tube, as fitted with the castings

for lifting, weighed 1,300 tons. The bridge thus consists of

two tubes only, which were built on the adjoining shore, one

after the other, and upon the same platform, and floated and

raised in a manner similar to the Britannia tubes. The first

stone was laid on the 15th of June, 1846 : the first tube com

menced in March, 1847, floated 6th of March, 1848, raised

16th of April following, and opened for the passage of the

trains on the 1st of May, 1848. The second tube was floated

on the 12th of October, 1848, and raised on the 30th of the

same month. Mr. Evans was contractor for the whole of

the work.

The first of the tubes was tested with a weight of 300 tons

of iron, and its deflection at the centre with this load was

3 inches. On the removal of the load, the tube resumed its

original position. In the testing of the second tube, it was

ascertained before loading that the deflection was 1186 inch.

The weight of ballast applied was 235 tons 14 cwt. and

2 qrs., and which caused an additional deflection of 1"56

inch, which ceased on the removal of the load. The passage

of the ordinary train is said to cause a deflection of only J of

an inch.
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112 ; floating the first tube, description of,
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gussets described, 107.. Land tubes, scaf

folding for building the, 97 ; weight of
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tubes, 118: hydraulic presses for, de

scribed, 122; application of the power,

121 ; accident to the presses, 122. Main
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75.
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56.
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bridges, 7.

Wrought-iron boats, advantages of, 14;
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bridge, described, 36.

Wrought-iron plate girders, first method of

constructing, 21 : first use of, 21 ; first

form of, 21; tubular, described, 23; appli

cation of to bridge building, 24.

Wrought-iron tubular girdered bridge, cost

of, 26.
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generally, as well as to those interested in Workmen s Libraries, Free Libraries

Literary and Scientific Institutions, Colleges, Schools, Science Classes, &-c. ts*c.

 
 

JV.B.—In orderingfrom this List it is recommended, as a means offacilitating

business and obviating error, to quote the numbers affixed to the volumes, as well as

the titles and prices. .

*#* The books are bound in limp cloth, unless otherwise stated.

RUDIMENTARY SCIENTIFIC SERIES.

ARCHITECTURE, BUILDING, ETC.

No.

16. ARCHITECTURE—ORDERS-The Orders and their Esthetic

Principles. By W. H. Leeds. Illustrated, is. 6d.

17. ARCHITECTURE—STYLES--The History and Description of

the Styles of Architecture of Various Countries, from the Earliest to the

Present Period. By T. Talbot Bury, F.R.I. B.A., &c. Illustrated. 2s

*»* Orders and Styles of Architecture, in One Vol.'v. 6d

18. ARCHITECTURE—DESIGN—The Principles of Design in

Architecture, as deducible from Nature and exemplified in the Works of the

Greek and Gothic Architects. By E. L. Garbett, Architect. Illustrated 2s.

»* The three preceding Works, in One handsome Vol., half bound, entitled

" Modern Architecture," Price 6s.

22. THE ART OF BUILDING, Rudiments of. General Principles

of Construction, Materials used in Building, Strength and Use of Materials

Working Drawings, Specifications, and Estimates. By Edward Doeson'

M.R.I.B.A., &c. Illustrated, is. od. '

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac

ture of; containing an Outline of the Principles of Brickmaking. By Edw

Doeson.M.R.I.B.A. WithAdditionsbyC.ToMUNSON.F.R.S. Illustrated, is

25. MASONRY AND STONECUTTING, Rudimentary Treatise

on ; in which the Principles of Masonic Projection and their application to

the Construction of Curved Wing-Walls, Domes, Oblique Bridges, and

Roman and Gothic Vaulting, are concisely explained. By Edward Doeson

M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2s 6d

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary

Treatise on ; containing a Synopsis of the principal cases of Foundation

Works, with the usual Modes of Treatment, and Practical Remarks on

Footings, Planking, Sand, Concrete, Beton, Pile-driving, Caissons, and

Cofferdams. By E. Dorson, M.R.I.B.A., &c. Third Edition, revised by

George Dodd, C.E. Illustrated, is. 6d.

LOCKWOOD AND CO., 7, STATIONERS HALL COURT, E.C.



WEALE S RUDIMENTARY SERIES.

Architecture, Building, etc., continued.

42. COTTAGE BUILDING. By C. Bruce Allen, Architect.

Eleventh Edition, revised and enlarged. Numerous Illustrations, is. 6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,

PLASTERING, &c, Rudimentary Treatise on. By G. R. Burnell, C.E.

Ninth Edition, with Appendices, is. 6d.

57. WARMING AND VENTILATION, a Rudimentary Treatise

on ; being a concise Exposition of the General Principles of the Art ofWarm

ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses,

Ships, &c. By Charles Tomlinson, F.R.S., &c. illustrated. 3s.

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the

Papers of A. C. Hobes, Esq., of New York, and Edited by Charles Tom-

linson, F.R.S. To which is added, a Description of Fenby's Patent Locks,

and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 2s. 6d\

in. ARCHES, PIERS, BUTTRESSES, &c. ; Experimental Essays

on the Principles of Construction in ; made with a view to their being useful

to the Practical Builder. By "William Bland. Illustrated, is. 6d.

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The

Principles of the Science of Sound applied to the purposes of the Architect and

Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d.

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards

Carpentry and Joinery. Deduced from the Works of Robison, Price, and

Tredgold. Illustrated, is. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.

By T. A. Richardson, Architect. With Illustrations, designed by the

Author, and engraved by O. Jewitt. is. 6d.

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by

Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s.

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles

of Beauty in ; with an Historical View of the Rise and Progress of the Art ifl

Greece. By the Earl of Aberdeen, is.

%* The two Preceding Works in One handsome Vol., half bound, entitled"Ancient

Architecture." Price 6s.

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection

of. By S. H. Brooks, Architect. New Edition, with plates. 2s. 6d.

156. QUANTITIESANDMEASUREMENTS, How to Calculate and

Take them in Bricklayers', Masons', Plasterers', Plumbers', Painters', Papei-

hangers', Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C.

Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d.

175. LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S

PRICE BOOK, with which is incorporated Atchley's and portions of the

late G. R. Burnell's "Builder's Price Books," for 1875, published

annually, containing the latest Prices of all kinds of Builders- Materials and

Labour, and ofall Trades connected with Building: with Memoranda and

Tables required in making Estimates and taking out Quantities, &c. The

whole Revised and Edited by Framcis T. W. Miller, Architect and

Surveyor. 3s. 6d.

182. CARPENTRY AND JOINERY—The Elementary Prin

ciples of Carpentry. Chiefly composed from the Standard Work of

Thomas Tredgold, C.E. With Additions from the Works of the most

Recent Authorities, and a TREATISE ON JOINERY by,E. Wyndham

Tarn, M.A. Numerous Illustrations. 3s. 6d.

1S2*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to

accompany the foregoing book. With Descriptive Letterpress, ato. 6s.

187. HINTS TO YOUNG ARCHITECTS. By George Wight-

wick. New Edition, enlarged. By. G. Huskisson Glill.au.me, Architect.

With numerous Woodcuts. 3s. 6d.

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING.

In Six Sections. ByAdam Hammond. Illustrated with 68 Woodcuts. is.6d.

LONDON : LOCKWOOD AND CO.,



weale's rudimentary series.

CIVIL ENGINEERING, ETC.

13. CIVIL ENGINEERING, the Rudiments of; for the Use of

Beginners, for Practical Engineers, and for the Army and Navy. By Henry

Law, C.E. Including a Section on Hydraulic Engineering, by George K.

Burnell, C.E. 5th Edition, with Notes and Illustrations by Robert

Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams. 5s.

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G.

Drysdale Dempsey, C.E. New Edition, revised and enlarged. Illustrated.

is. 6d.

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By

G. Drysdale Dempsey, C.E. New Edition. Illustrated. 2s. 6d.

%* With " Drainage ofDistricts and Lands" in One Vol., $s. 6d.

31. WELL-DIGGING, BORING, AND PUMP-WORK. By

John George Swindell, Assoc. R.I.B.A. New Edition, revised by G. R.

Burnell, C.E. Illustrated, is.

35. THE BLASTING AND QUARRYING OF STONE, Rudi

mentary Treatise on ; for Building and other Purposes, with the Con

stituents and Analyses of Granite, Slate, Limestone, and Sandstone : to

which is added some Remarks on the Blowing up of Bridges. By Gen. Sir

John Burgoyne, Bart., K..C.B. Illustrated, is. 6d.

43. TUBULAR AND OTHER IRON GIRDER BRIDGES.

Particularly describing the Britannia and Conway Tubular Bridges.

With a Sketch of Iron Bridges, and Illustrations of the Application of

Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E.,

Author of "The Practical Railway Engineer, &c, &c. New Edition, with

Illustrations, is. 6d.

46. CONSTRUCTING AND REPAIRING COMMON ROADS,

{Papers on the Art of. Containing a Survey of the Metropolitan Roads, by

S. Hughes, C.E. ; The Art of Constructing Common Roads, by Henry

, Law, C.E. ; Remarks on the Maintenance of Macadamised Roads, by

Field-Marshal Sir John F. Burgoyne, Bart., G.C.B., Royal Engineers,

&c, &c. Illustrated, is. 6d.

62. RAILWAY CONSTRUCTION, Elementary and Practical In

struction on the Science of. By Sir Macdonald Stephenson, C.E.,

Managing Director of the East India Railway Company. New Edition,

revised and enlarged by Edward Nugent, C.E. Plates and numerous

Woodcuts. 3s.

62*. RAILWAYS; their Capital and Dividends. With Statistics of

their Working in Great Britain, &c, &c. By E. D. Chattaway. is.

%* 62 and 62*, in One Vol., $s. 6d.

80*. EMBANKING LANDS FROM THE SEA, the Practice of.

Treated as a Means of Profitable Employment for Capital. With Examples

and Particulars of actual Embankments, and also Practical Remarks on the

Repair of old Sea AValls. By John Wiggins, F.G.S. New Edition, with

Notes by Robert Mallet, F.R.S. 2s.

81. WATER WORKS, for the Supply of Cities and Towns. With

a Description of the Principal Geological Formations of England as in

fluencing Supplies of Water ; and Details of Engines and Pumping Machinery

for raising Water. By Samuel Hughes, F.G.S. , C.E. New Edition,

revised and enlarged, with numerous Illustrations. 4s.

82**. GAS WORKS, and the Practice of Manufacturing and Distributing

Coal Gas. By Samuel Hughes, C.E. New Edition, revised by W.

Richards, C.E. Illustrated. 3s.

117. SUBTERRANEOUS SURVEYING ; an Elementary and Prac

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting

Subterraneous Surveys without the Use of the Magnetic Needle, and other

modern Imorovements. By Thomas Baker, C.E. Illustrated. 2s. 6d.

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.



WEALE S RUDIMENTARY SERIES.

Civil Engineering, etc., continued.

i20. HYDRAULIC ENGINEERING, the Rudiments of. By G.

R. Burnell, C.E., F.G.S. Illustrated. 3s.

i2i. RIVERS AND TORRENTS. "With the Method of Regulating

their Courses and Channels. By Professor Paul Frisi, F.R.S., of Milan.

To which is added, AN ESSAY ON NAVIGABLE CANALS. Translated

by Major-General John Garstin, of the Bengal Engineers. Plates. 2s. 6d.

MECHANICAL ENGINEERING, ETC.

33. CRANES, the Construction of, and other Machinery for Raising

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By

Joseph Glynn, F.R.S., &c. Illustrated, is. 6d.

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr.

Lardner. Illustrated, is.

59. STEAM BOILERS : Their Construction and Management. By

R. Armstrong, C.E. Illustrated, is. 6d.

63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive

Power, Field Machines, Machinery, and Implements. By G. H. Andrews,

C.E. Illustrated. 3s.

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise

on. By Sir Edmund Beckett (late Edmund Beckett Denison, LL.D., Q.C.)

*#* A New, Revised, and considerably Enlarged Edition of the above Standard

Treatise, with very numerous Illustrations, is now ready, Price $s. 6d. .

77*. THE ECONOMY OF FUEL, particularly with Reference to

Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers.

By T. Symes Prideaux. is. 6d.

82. THE POWER OF WATER, as applied to drive Flour Mills,

and to give motion to Turbines and other Hydrostatic Engines. By Joseph

Glynn, F.R.S., 8cc. New Edition, Illustrated. 2s.

98. PRACTICAL MECHANISM, the Elements of; and Machine

Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by

J. Nasmyth, C.E. Plates. 2s. 6d.

ii4. MACHINERY, Elementary Principles of, in its Construction and

Working. Illustrated by numerous Examples of Modern Machinery for

different Branches of Manufacture. By C. D. Abel, C.E. is. 6d.

ii5. ATLAS OF PLATES. Illustrating the above Treatise. By

C. D. Abel, C.E. 7s. 6d.

i25. THE COMBUSTION OF COAL AND THE PREVENTION

OF SMOKE, Chemically and Practically Considered. With an Appendix.

ByC. Wye Williams, A.I.C.E. Plates. 3s.

i39. THE STEAM ENGINE, a Treatise on the Mathematical Theory

of, with Rules at length, and Examples for the Use of Practical Men. By

T. Baker, C.E. Illustrated, is.

i62. THE BRASS FOUNDER'S MANUAL; Instructions for

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,

Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime

Costs and Estimates. By Walter Graham. Illustrated. 2s. 6d.

i64. MODERN WORKSHOP PRACTICE, as applied to Marine,

Land, and Locomotive Engines, Floating Docks, Dredging Machines,

Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 3s.

i65. IRON AND HEAT, exhibiting the Principles concerned in the

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of

Heat in the Smelting Furnace. By J. Armour, C.E. Numerous Woodcuts.

2s. 6d.

LONDON : LOCKWOOD AND CO.,



weale's rudimentary series.

Mechanical Engineering, etc., continued.

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel

Gearing, Long and Short Driving Bands, Angular Forces. By James

Armour, C.E. With 73 Diagrams. 2s. 6d.

167. THE APPLICATION OFIRON TO THE CONSTRUCTION

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showing

the Principles upon which such Structures are designed, and their Practical

Application. By Francis Campin, C.E. Numerous Woodcuts. 2s.

171. THE WORKMAN'S MANUAL OF ENGINEERING

DRAWING. By John Maxton, Engineer, Instructor in Engineering

Drawing, Royal School of Naval Architecture and Marine Engineering,

South Kensington. Illustrated with 7 Plates and nearly 350 Woodcuts. 3s.6d.

SHIPBUILDING, NAVIGATION, MARINE

ENGINEERING, ETC.

Si. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi

tion of the Elementary Principles of the Science, and their Practical Appli

cation to Naval Construction. Compiled for the Use of Beginners. By

James Peake, School of Naval Architecture, H.M. Dockyard, Portsmouth.

Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary

and Practical Principles of the Construction of. By Hakon A. Sommer-

fbldt, Surveyor of the Royal Norwegian Navy. With an Appendix, is.

S3**. ANATLAS OFENGRA VINGS to Illustrate the above. Twelve

large foldipg plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks; Chain,

Wire, and Hemp Ropes, &e, relative to every class of vessels. Together

with an Appendix of Dimensions of Masts and Yards of the Royal Navy of

Great Britain and Ireland. By Robert Kipping, N.A. Thirteenth Edition.

Illustrated, is. 6d.

54*. IRON SHIP-BUILDING. With Practical Examples and Details

for the Use of Ship Owners and Ship Builders. By John Grantham, Con

sulting Engineer and Naval Architect. Fifth Edition, with important Addi

tions. 4s.

54* *. AN ATLAS OF FORTY PLATES to Illustrate the above.

Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates

"Warrior," "Hercules," " Bellerophon ; " H.M. Tr»op Ship " Serapis,"

Iron Floating Dock, &c, &c. 4to, boards. 38s.

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on

Navigation. I. How to Keep the Log and Work it off. II. On Finding the

Latitude and Longitude. By James Greenwood, B.A., of Jesus College,

Cambridge. To which are added, Directions for Great Circle Sailing; an

Essay on the Law of Storms and Variable Winds ; and Explanations of

Terms used in Ship-building. Ninth Edition, with several Engravings and

Coloured Illustrations of the Flags of Maritime Nations. 2s.

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise

on. Together with Practical Remarks on the Screw and Propelling Power,

as used in the Royal and Merchant Navy. By Robert Murbay, C.E.,

Engineer-Surveyor to the Board of Trade. With a Glossary of Technical

Terms, and their Equivalents in French, German, and Spanish. Fifth Edition,

revised and enlarged. Illustrated. 3s.

83&JJ. THE FORMS OF SHIPS AND BOATS: Hints, Experiment

ally Derived, on some of the Principles regulating Ship-building. By W.

Bland. Sixth Edition, revised, with numerous Illustrations and Models, is. 6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory

and Practice. With Attempts to facilitate the Finding of the Time and the

Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in

Belfast College. Illustrated. 2s. 6d.

7, STATIONERS' HALL. COURT, LUDGATE HILL, E.C.



WEALES RUDIMENTARY SERIES.

Shipbuilding, Navigation, etc., continued.

ioo*. TABLES intended to facilitate the Operations of Navigation and

Nautical Astronomy, as an Accompaniment to the above Book. By J. R.

Young, is. 6d.

i06. SHIPS' ANCHORS, a Treatise on. By George Cotseix,

N.A. Illustrated, is. 6d.

i49. SAILS AND SAIL-MAKING, an Elementary Treatise on.

With Draughting, and the Centre of Effort of the Sails. Also, Weights

and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, 8cc., &c.

Ninth Edition, enlarged, with an Appendix. By Robert Kipping, N.A.,

Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.

i55. THE ENGINEER'S GUIDE TO THE ROYAL AND

MERCANTILE NAVIES. By a Practical Engineer. Revised by D.

F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s.

PHYSICAL SCIENCE, NATURAL PHILO

SOPHY, ETC-

i. CHEMISTRY, for the Use of Beginners. By Professor George

Fownes, F.R.S. With an Appendix, on the Application of Chemistry to

Agriculture, is.

2. NATURAL PHILOSOPHY, Introduction to the Study of; for

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in

King's College School, London. Woodcuts, is. 6d.

4. MINERALOGY, Rudiments of; a concise View of the Properties

of Minerals. By A. Kamsey, Jun. Woodcuts and Steel Plates. y&.

6. MECHANICS, Rudimentary Treatise on ; Being a concise Ex

position of the General Principles of Mechanical Science, and their Applica

tions. By Charles Tomlinson, Lecturer on Natural Science in King's

College School, London. Illustrated, is. 6d.

7. ELECTRICITY; showing the General Principles of Electrical

Science, and the purposes to which it has been applied. By Sir W. Snow

Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.E.,

F.S.A. Woodcuts, is. 6d.

7*. GALVANISM, Rudimentary Treatise on, and the General Prin

ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New

Edition, revised, with considerable Additions, by Robert Sabine, C.E.,

F.S.A. Woodcuts, is. 6d. ,

8. MAGNETISM ; being a concise Exposition of the General Prin

ciples of Magnetical Science, and the Purposes to which it has been applied.

By Sir W. Snow Harris. New Edition, revised and enlarged by H. M.

Noad, Ph.D., Vice-President of the Chemical Society, Author of "A

Manual of Electricity," &c., &c. With i65 Wooocuts. 3s. 6d.

ii. THE ELECTRIC TELEGRAPH; its History and Progress;

with Descriptions of some of the Apparatus. ByR. Sabine, C.E., F.S.A. , &c.

Woodcuts. 3s.

i2. PNEUMATICS, for the Use of Beginners. By Charles

Tomlinson. Illustrated, is. 6d.

72. MANUAL OP THE MOLLUSCA ; a Treatise on Recent and

Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by

Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 vVoodcuts,

6s. 6d. Cloth boards, 7s. 6d.

79**. PHOTOGRAPHY, Popular Treatise on; with a Description of

the Stereoscope, &c. Translated from the French of D. Van Monckhoven,

by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d.

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S. , &c.

New and enlarged Edition, with an Appendix on " Spectrum Analysis.'*

Woodcuts, is. 6d.

LONDON : L0CKW00D AND CO.,



WEALE'S RUDIMENTARY SERIES.

Physical Science, Natural Philosophy, etc., continued,

97. STATICS AND DYNAMICS, the Principles and Practice of;

embracing also a clear development of Hydrostatics, Hydrodynamics, and

Central Forces. By T. Baker, C.E. is. 6d.

138. TELEGRAPH, Handbook of the ; a Manual of Telegraphy,

Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ

ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and

enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC

TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students,

by W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs.

Woodcuts. 3s.

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson.

I. On the Motions of Camphor on Water. II. On the Motion of Camphor

towards the Light. III. Historyof the Modern Theory ofDew. Woodcuts, is.

173. PHYSICAL GEOLOGY, partly based on Major-General Port-

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Numerous

Woodcuts. 2s.

174. HISTORICAL GEOLOGY, partly based on Major-General

Portlock's "Rudiments." By Ralph Tate, A.L.S., &c. "Woodcuts. 2s. 6d.

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

& Historical. Partly based on Major-General Portlock's '- Rudiments of

I7. Geology." By Ralph Tate, A.L.S., F.G.S., &c, &c. Numerous Illustra-
'*• tions. In One Volume. 4s. 6d.

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner,

fe D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni-

versity College, London. With 520 Illustrations. In One Volume, cloth

Iity.. boards. 7s. 6d.

%* Sold also in Two Paris, as follows :—

183. Animal Physics. By Dr. Lardner. Part L, Chapter I—VII. 4s.

184. Animal Physics. By Dr. Lardner. Part II. Chapter VIII—XVIII. 3s.

MINING, METALLURGY, ETC.

ri7. SUBTERRANEOUS SURVEYING, Elementary and Practical

Treatise on, with and without the Magnetic Needle. By Thomas Fenwick,

Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.

133. METALLURGYOF COPPER ; an Introduction to the Methods

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys.

By Robert H. Lamborn, Ph.D. Woodcuts. 2s.

134. METALLURGY OF SILVER AND LEAD. A Description

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr.

R. H. Lamborn. Woodcuts. 2s.

135. ELECTRO-METALLURGY; Practically Treated. By Alex

ander Watt, F.R.S.S.A. New Edition. Woodcuts. 2s.

172. MINING TOOLS, Manual of. For the Use of Mine Managers,

Agents, Students, &c. Comprising Observations on the Materials from, and

Processes by which, they are manufactured ; their Special Uses, Applica

tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining

at the Bristol School of Mines. 2s. 6d.

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the

above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to.

4s. 6d.

176. METALLURGY OF IRON, a Treatise on the. Containing

Outlines of the History of Iron Manufacture, Methods ofAssay, and Analyses

of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H.

Bauerman, F.G.S., Associate of the Royal School of Mines. Fourth

Edition, revised and enlarged, with numerous Illustrations. 4s. 6d.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.



8 weale's rudimentary series.

Mining, Metallurgy, etc, continued.

1 80. COAL AND COAL MINING: A Rudimentary Treatise on.

By WaIuxgtox W. Smyth, M.A., F.R.S., *c., Chief Inspector of th'

Mines of the Crown and of the Duchy of Cornwall. Second Edition, revis'd

and coirected. With numerous Illustrations. 3s. 6d.

EMIGRATION.

154. GENERAL HINTS TO EMIGRANTS. Containing Notices

of the various Fields for Emigration. With Hints on Preparation for

Emigrating, Outfits, fcc, &c. With Directions and Recipes useful to th'

Emigrant. With a Map of the World. 2s.

157. THE EMIGRANTS GUIDE TO NATAL. By Robert

James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to

the present Date. Map. 2s.

159. THE EMIGRANT'S GUIDE TO AUSTRALIA, New South

Wales, Western Australia, South Australia, Victoria, and Queensland. By

the Rev. James Baird, B.A. Map. 2s. 6d.

i5o. THE EMIGRANT'S GUIDE TO TASMANIA and NEW

ZEALAND. By the Rev. James Baird, B.A. With a Map. 2s.

i$g8cTHE EMIGRANT'S GUIDE TO AUSTRALASIA. By the

160. Rev. J. Baird, B.A. Comprising the above two volumes, i:mo, cloth boards.

With Maps of Australia and New Zealand. 5s.

AGRICULTURE.

29. THE DRAINAGE OF DISTRICTS AND LANDS. By

G. Drysdale Dempsey, C.E. Illustrated, is. 6d.

*** With " Drainage of Towns and Buildings" in One Vol., 3*. "

63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive

Powers and Machinery of the Steading, Field Machines, and Implements.

By G. H. Andrews, C.E. Illustrated. 3s.

66. CLAY LANDS AND LOAMY SOILS. By Professor

Donaldson, is.

131. MILLER'S, MERCHANTS, AND FARMER'S READY

RECKONER, for ascertaining at sight the value of any quantity of Corn,

from One Bushel to One Hundred Quarters, at any given price, from £1 to

£5 per quarter. Together with the approximate values of Millstones and

'Millwork, &c. is.

140. SOILS, MANURES, AND CROPS (Vol. 1. Outlines of

Modern Farming.) By R. Scott Burn. Woodcuts. 2s.

141. FARMING AND FARMING ECONOMY, Notes, Historical

and Practical on. (Vol. 2. Outlines of Modern Farming.) By R. Scott

Burn. Woodcuts. 3s.

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3.

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines

of Modern Farming.) Woodcuts. 2s.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d.

*i* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of

Modern Farming." By Robert Scott Burn. Price 12s. ,

177. FRUIT TREES; The Scientific and Profitable Culture of. From

the French of Du Breuil, Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.

LONDON: LOCKWOOD AND CO.,



weale's rudimentary series.

FINE ARTS.

20. PERSPECTIVE FOR BEGINNERS. Adapted to Yowg

Students and Amateurs in Architecture, Painting, &c. By George Pyne,

Artist. Woodcuts. 2s.

27. A GRAMMAR OF COLOURING, applicable to House Paint-

ing, Decorative Architecture, and the Arts, for the Use of Practical Painters

and Decorators. By George Field, Author of " Chromatics ; or, The Ant •

logy, Harmony, and Philosophy of Colours," &c. Enlarged by Ellis A.

'Davidson. Coloured Illustrations. 2s. 6d.

40. GLASS STAINING; or, Painting on Glass, The Art of. Com

prising Directions for Preparing the Pigments and Fluxes, laying them upon

the Glass, and Firing or Burning in the Colours. From the German of Dr.

Gessert. To which is added, an Appendix on The Art of Enamelling,

&c. is.

41. PAINTING ON GLASS, The Art of. From the German of

Emanuel Otto Fromberg. is.

69. MUSIC, A Rudimentary and Practical Treatise on. With

numerous Examples. By Charles Child Spencer. 2s.

71. PIANOFORTE, The Art of Playing the. With numerous Exer

cises and Lessons. Written and Selected from the Best Masters, by Charles

Child Spencer, is. 6d.

181. PAINTING POPULARLY EXPLAINED, including Fresco,

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,

Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical

Sketches of the Progress of the Art by Thomas John Gullick, assisted by

John Times, F.S.A. Third Edition, revised and enlarged, with Frontispiece

and Vignette. 5s.

ARITHMETIC, GEOMETRY, MATHEMATICS,

ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which

their Construction, and the Methods of Testing, Adjusting, and Using them

are concisely Explained. By J. F. Heather, M.A., of the Royal Military

Academy, Woolwich. Original Edition, in 1 vol., Illustrated, is. 6d.

*#* In ordering the above, be careful to say, "OriginalEdition" or give the number

in the Series (32) to distinguish it from the Enlarged Edition in 3 vols.

{Nos. 168-9-70).

60. LAND AND ENGINEERING SURVEYING, a Treatise on;

with all the Modern Improvements. Arranged for the Use of Schools and

Private Students ; also for Practical Land Surveyors and Engineers. By

\T. Baker, C.E. New Edition/Revised by Edward Nugent, C.E. Illustrated

with Plates and Diagrams. 2s.

Ci*. READY RECKONER FOR THE ADMEASUREMENT

pOF LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To

.which is added a Table, showing the Price of Work, from 2s. 6d. to £1 per

acre, and Tables for the Valuation of Land, from 19. to £1,000 per acre, and

from one pole to two thousand acres in extent, &c, &c. is. 6d.

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on;

with a Theory of Shadows and of Perspective, extracted from the French of

G. Monge. To which is added, a description of the Principles and Practice

, of Isometrtcal Projection ; the whole being intended as an introduction to the

Application of Descriptive Geometry to various branches of the Arts. By

J. F. Heather, M.A. Illustrated with 14 Plates. 2s.

178. PRACTICAL PLANE GEOMETRY: giving the Simplest

Modes of Constructing Figures contained in one Plane and Geometrical Con

struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s.

179- PROJECTION; Orthographic, Topographic, and Perspective:

giving the various Modes of Delineating Solid Forms by Constructions on a

Single Plane Surface. By J. F. Heather, M.A. [/» preparation.

V The above three volumes will form a Complete Elementary Course of

Mathematical Drawing.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.



weale's rudimentary series.

Arithmetic, Geometry, Mathematics, etc., continued.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases

and Forms in English, French, Italian, and German. By James Haddon,

M.A., Arithmetical Master of King's College School, London, is.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana

tions of its Theoretical Principles, and numerous Examples for Practice. For

the Use of Schools and for Self-Instruction. By J. R. Young, late Professor

of Mathematics in Belfast College. New Edition, with Index, is. 6d. I

84* A Key to the above, containing Solutions in full to the Exercises, together

with Comments, Explanations, and Improved Processes, for the Use of

Teachers and Unassisted Learners. By J. R. Young, is. 6d.

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest,

gc*. Annuities, Life Assurance, and General Commerce; with various Tables by

which all Calculations may be greatly facilitated. By W. Hipsley. In Two

Parts, is. each ; or in One Vol. 2s.

86. ALGEBRA, the Elements of. By James Haddon, M.A.,

Second Mathematical Master of King's College School. With Appendix,

containing miscellaneous Investigations, and a Collection of Problems in

various parts of Algebra. 2s.

86* A Key and Companion to the above Book, forming an extensive repository of

Solved Examples and Problems in Illustration of the various Expedients

necessary in Algebraical Operations. Especially adapted for Self-Instruc

tion. By J. R. Young, is. 6d.

88. EUCLID, The Elements of : with many additional Propositions

go, and Explanatory Notes : to which is prefixed, an Introductory Essay oa

Logic. By Henry Law, C.E, 2s. 6d,

*** Sold also separately, viz. ;—

88. ; Euclid, The First Three Books. By Henry Law, C.E. is.

89. , Euclid, Books 4, 5, 6, xi, i2. By Henry Law, C.E. is. fid.

90. ANALYTICAL GEOMETRYAND CONICAL SECTIONS,

a Rudimentary Treatise on. By James Hann, late Mathematical Master of

King's College School, London. A New Edition, re-written and enlarged

by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.

9i. PLANE TRIGONOMETRY, the Elements of. By James

Hann, formerly Mathematical Master of King's College, London, xs.

92. SPHERICAL TRIGONOMETRY, the Elements of. By James

Hann. Revised by Charles H. Dowling, C.E. is.

*#* Or with " The Elements ofPlane Trigonometry" in One Volume, zs.

93. MENSURATION AND MEASURING, for Students and Prac

tical Use. "With the Mensuration and Levelling of Land for the Purposes of

Modern Engineering. By T. Baker, C.E. New Edition, with Corrections

and Additions by E. Nugent, C.E. Illustrated, is. fid.

94. LOGARITHMS, a Treatise on; with Mathematical Tables for

facilitating Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu

lations; Tables of Natural Sines and Tangents and Natural Cosines. By

Henry Law, C.E. Illustrated. 2s. 6d.

i0i*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-

7'IONS, and an Analysis of the Christian, Hebrew, and Mahometan

Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. is. 6d.

i02. INTEGRAL CALCULUS, Rudimentary Treatise on the. By

Homersham Cox, B.A. Illustrated, is.

i03. INTEGRAL CALCULUS, Examples on the. By James Hann,

late of King's College, London. Illustrated, is.

i0i. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B.

Woolhouse, F.R.A.S.", &c. is. fid.

i04. DIFFERENTIAL CALCULUS, Examples and Solutions of the.

By James Haddon, M.A. is.

LONDON : L0CKW00D AND CO.,



weale's RUDIMENTARY SERIES. II

Arithmetic, Geometry, Mathematics, etc., continued.

105. MNEMONICAL LESSONS. — Geometry, Algebra, and

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas

Penyngton Kirkman, M.A. is. 6d.

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self-

Instruction. By Jambs Haddon, M.A. [Revised by Abraham Arman.

is. Od.

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d.

147. ARITHMETIC, Stepping-Stone to; Being a Complete Course

of Exercises in the First Four Rules {Simple and Compound), on an entirely

new principle. For the Use of Elementary Schools of every Grade. Intended

as an Introduction to the more extended works on Arithmetic. By Abraham

Arman. is.

148, A Key to Stepping-Ston,e to Arithmetic. By A. Arman. is.

158. THE SLIDE RULE, AND HOW TO USE IT; Containing

full, easy, and simple Instructions to perform all Business Calculations with

unexampled rapidity and accuracy. By Charles Hoare, C.E. With a

Slide Rule in tuck of cover. 3s.

168. DRAWING AND MEASURING INSTRUMENTS. Includ-

ihg—I. Instruments employed in Geometrical and Mechanical Drawing',

and in the Construction, Copying, and Measurement of Maps and Plans.

II. Instruments Used for the purposes of Accurate Measurement, and for

Arithmetical Computations. By J. F. Heather, M.A., late of the Royal

Military Academy, Woolwich, Author of " Descriptive Geometry," &c, &c.

Illustrated, is. 6d.

169. OPTICAL INSTRUMENTS. Including (more especially) Tele

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans

by Photography. By J. F. Heather, M.A. Illustrated, is. 6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.

Including—I. Instruments Used for Determining the Geometrical Features

ofa portion of Ground. II. Instruments Employed in Astronomical Observa

tions. By J. F. Heather, M.A. Illustrated, is. 6d.

\* The above three volumes form an enlargement ofthe Author's original work,

" Mathe?naticalInstruments: their Construction, Adjustment, Tes ting, and Use,"

the Eleventh Edition ofwhich is on sale, price is. 6d, 1See No. 32 in the Series.)

^MATHEMATICAL INSTRUMENTS. By J. F. Heather,

169. f M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as

170.J above, in One thick Volume. With numerous Illustrations. Cloth boards, 5s-

LEGAL TREATISES.

50. THE LAW OF CONTRACTS FOR WORKS AND SER

VICES. By David Gibbons. Third Edition, Enlarged. 3s.

107. COUNTY COURT GUIDE, Plain Guide for Suitors in the

County Court. By a Bareister, is. 6d.

108. THE METROPOLIS LOCAL MANAGEMENT ACT, 18th

and 19th Vict., c. 120; 19th and 20th Vict., c. 112; 21st and 22nd Vict.,

c. 104 ; 24th and 25th Vict., c. 61 ; also, the last Pauper Removal Act., and

the Parochial Assessment Act. is. 6d.

108*. THE METROPOLIS LOCAL MANAGEMENT AMEND-

MENT ACT, 1802, 25th and 26th Vict., c. 120. Notes and an Index, is.

\* With the Local Management Act, in One Volume, zs. 6d. [

ijl. A HANDY BOOK ON THE LAW OF FRIENDLY, IN

DUSTRIAL &• PROVIDENT BUILDING &- LOAN SOCIETIES.

With copious Notes. By Nathaniel White, of H.M. Civil Service, is.

163. THE LAW OF PATENTS FOR INVENTIONS ; and on

the Protection of Designs and Trade Marks. By F. W. Campin, Barrister-

at-Law. 2s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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MISCELLANEOUS VOLUMES-

36. A DICTIONARY OF TERMS used in ARCHITECTURE,

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAS-

OLOGY,theFINE ARTS,&-c. With Explanatoiy Observations on various

Subjects connected with Applied Science and Art. By John Weale.

Fourth Edition, with numerous Additions. Edited by Robert Hunt, F.R.S.,

Keeper of Mining Records, Editor of Ure's " Dictionary of Arts, Manufac

tures, and Mines. ' Numerous Illustrations. 5s.

112. MANUAL OF DOMESTIC MEDICINE. Describing the

Symptoms, Causes, and Treatment of the most common Medical and Surgical

Affections". By R. Gooding, B.A., M.B.. The whole intended as a Family

Guide in all Cases of Accident and Emergency. 2s, *

112*. MANAGEMENT OF HEALTH A Manual of Home and

Personal Hygiene. Being Practical Hints on Air, Light, and Ventilation";

Exercise, Diet, and Clothing ; Rest, Sleep, and Mental Discipline ; Bathing

and Therapeutics. By the Rev. James Baird, B.A. is.

113. FIELD ARTILLERY ON SERVICE, on the Use of. With

especial Reference to that of an Army Corps. For Officers of all Arms.

By Taubert, Captain, Prussian Artillery. Translated from the German by

Lieut. -Col. Henry Hamilton Maxwell, Bengal Artillery, is. 6d.

113*. SWORDS, AND OTHER ARMS used for Cutting and Thrust

ing, Memoir on. By Colonel Marby. Translated from the French by

Colonel H. H. Maxwell. With Notes and Plates, is.

150. LOGIC, Pure and Applied. By S. H. Emmens. Third

Edition, is. 6d.

152. PRACTICAL HINTS FOR INVESTING MONEY. With

; an Explanation of the Mode ofTransacting Business on the Stock Exchange.

By Francis Playford, Sworn Broker, is.

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s.

EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.

1. England, Outlines of the History of; more especially with

reference to the Origin and Progress of the English Constitution. A Text

Book for Schools and Colleges. By William Douglas Hamilton, F.S.A.,

of Her Majesty's Public Record Office. Fourth Edition, revised and brought

down to 1872. Maps and Woodcuts. 5s. ; cloth boards, 6s. Also in Five

Parts, is. each,

5. Greece, Outlines of the History of; in connection with the

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton,

of University College, London, and Edward Lbvibn, M.A., of Balltol

College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d.

7. Rome, Outlines of the History of: From the Earliest Period

to the Christian Era and the Commencement of the Decline of the Empire.

By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d.

9. Chronology of History, Art, Literature, and Progress,

;from the Creation of the World to the Conclusion of the Franco-German

War. The Continuation by W. D. Hamilton, F.S.A., of Her Majesty's

fRecord Office. 3s. ; cloth boards, 3s. 6d.

50. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. Edgar Rand,

B.A. is.

LONDON : LOCKWOOD AND CO.,



weale's educational and classical series. i3

ENGLISH LANGUAGE AND MISCEL

LANEOUS.

ii. Grammar of the English Tongue, Spoken and Written.

With an Introduction to the Study of Comparative Philology. By Hvdk

Clarke, D.C.L. Third Edition, is.

ii*. Philology: Handbook of the Comparative Philology of English,

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Duteh'High Dutch

or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and

Portuguese Tongues. By Hydf. Clarke, D.C.L. is.

i2. Dictionary of the English Language, as Spoken and

Written. Containing above i00,000 Words. By Hyde Clarke, D.C.L.

,3s. 6d.; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ss.6d.

48. Composition and Punctuation, familiarly Explained for

those who have neglected the Study of Grammar. By Austin Brenan.

i6th Edition, is.

49. Derivative Spelling-Book : Giving the Origin of Every Word

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,

and other Languages ; with their present Acceptation and Pronunciation.

By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d.

5i. The Art of Extempore Speaking: Hints for the Pulpit, the

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the

Sorbonne. Translated from the French. Fifth Edition, carefully corrected.

2s.6d.

52. Mining and Quarrying, with the Sciences connected there

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to

the Miners' Association of Cornwall and Devon, is. 6d.

53. Places and Facts in Political and Physical Geography,

for Candidates in Public and Private Examinations. By the Rev. Edgar

Rand, B.A. is.

54. Analytical Chemistry, Qualitative and Quantitative, a Course

of. To which is prefixed, a Briet Treatise upon Modern Chemical Nomencla

ture and Notation. By Wm. W. Pink, Practical Chemist, 8ic., and George

!E. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting

ham. 25.

THE SCHOOL MANAGERS' SERIES OF READING

BOOKS, t

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant,

Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector

of Schools.

*. d. s. d.

Introductory Pkimer . o 3 Third Standard . . . . x o

First Standard . .06 Fourth ,, ....i2

Second „ . . o 10 Fifth „ .... x 6

*„* A Sixth Standard in Preparation.

Lessons from the Bible. Part I. Old Testament, is.

Lessons from the Bible. Part II. New Testament, to which is added

The Geography of the Bible, for very young Children. By Rev. C.

Thornton Forster. is. 2d. *#* Or the Two Parts in One Volume. 2s.

FRENCH.

24. French Grammar. With Complete and Concise Rules on the

Genders of French Nouns. By G. L. Strauss, Ph.D. is.

25. French-English Dictionary. Comprising a large number of

New Terms used in Engineering, Mining, on Railways, 8tc. By Alfrib1

Elwes. is. 6d.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C
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French, continued.

26. English-French Dictionary. By Alfred ElweS. 2s.

25,26. French Dictionary (as above). Complete, in One Vol., 3s. ;

cloth boards, 3s. od. *#* Or with the Grammar, cloth boards, 4s. 6d.

47. French and English Phrase Book : Containing Intro

ductory Lessons, with Translations, for the convenience of Students : several

Vocabularies of Words, a Collection of suitable Phrases, and Easy Familiar

Dialogues. 11.

GERMAN.

39. German Grammar. Adapted for English Students, from

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is.

40. German Reader : A Series of Extracts, carefully culled from the

most approved Authors of Germany ; with Notes, Philological and Ex

planatory. By G. L. Strauss, Ph.D. is.

41. German Triglot Dictionary. By Nicholas Esterhazy,

S. A. Hamilton. Part I. English-German-French. Is.

42. German Triglot Dictionary. Part II. German-French-

English. Is.

43. German Triglot Dictionary. Part III. French-German-

English, is.

41-43. German Triglot Dictionary (as above), in One Vol., 3s. ;

cloth boards, 4s. %* Or with the German Grammar, cloth boards, 5s.

ITALIAN.

27. Italian Grammar, arranged in Twenty Lessons, with a Course

of Exercises. By Alfred Elwes. is.

28. Italian Triglot Dictionary, wherein the Genders of all the

Italian and French Nouns are carefully noted down. By Alfred Elwes.

Vol. I. Italian-English-French. 25.

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2.

English-French-Italian. 2s.

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3.

French-Italian-English. 2s.

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s. :

32. cloth boards, 7s. 6d. *»* Or with the Italian Grammar, cloth bds., 8s. 6d.

SPANISH.

34. Spanish Grammar, in a Simple and Practical Form. With

a Course of Exercises. By Alfred Elwes. is.

35. SpanishrEnglish and EnglishrSpanish Dictionary.

Including a large number of Technical Terms used in Mining, Engineering, &c,

with the proper Accents and the Gender of every Noun . By A i-frED Elwes.

4s. ; cloth boards, 5s. *#* Or with the Grammar, cloth boards, 6s.

HEBREW.

46*. Hebrew Grammar. By Dr. Bresslau. is.

44. Hebrew and English Dictionary, Biblical and Rabbinical ;

containing the Hebrew and Chaldee Roots of the Old Testament Post-

Rabbinical Writings. By Dr. Bresslau. 6s. *#* Or with the Grammar, 7s.

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s.

44,46. Hebrew Dictionary (as above), in Two Vols., complete, with

46*. the Grammar, cloth boards, 12s.

,t»» :

LONDON: LOCKWOOD AND CO.,
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary

Principles of Translation and Construction. By the Rev. Thomas Goodwin,

M.A., Head Master of the Greenwich Proprietaiy School, is.

20. Latin-English Dictionary. Compiled from the best Autho

rities. By the Rev. Thomas Goodwin, M.A. 2s.

22. EnglishrLatin Dictionary ; together with an Appendix of

French and Italian Words which have their origin from the Latin. By the

Rev. Thomas Goodwin, M.A. is. 6d.

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ;

cloth boards, 4s. 6d. *.* Or with the Grammar, cloth boards, 5s. 6d.

LATIN CLASSICS. With Explanatory Notes in English.

J. Latin Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by Henry Young,

lately Second Master of the Royal Grammar School, Guildford, is.

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical

: Register for the Use of Schools, by H. Young. 2s.

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev.

James Davies, M.A. is.

14. Ciceronis Cato Major, La;lius, Brutus, sive de Senectute, de Ami

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith,

M.A., F.R.G.S. 29

3. Cornelius Nepos. With Notes. Intended for the Use of

Schools. By H. Young, is.

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H.

Young, is. 6d.

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown

rigg Smith, M.A., F.R.G.S. is. 6d.

21. Juvenalis Satme. With Prolegomena and Notes by T. H. S.

Escott, B.A., Lecturer on Logic at King's College, London, is. 6d.

16. Livy : History of Rome. Notes by H. Young and W. B. Smith,

M.A. Part 1. Books i., ii., is. 6d.

16*. — Part 2. Books iii., iv., v., is. 6d. .:

17. Part 3. Books xxi. xxii., is. 6.1.

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical

and Explanatory, by W. M. Donne, B.A., Trinity College, Cambridge,

is. 6d.

10. Terentii Adelphi Hecyra, Phormio. Edited, with Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. 2s.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical

and Explanatory, by the Rev. James Davies, M.A. is. 6d.

11. Terentii Eunuchus, Comoedia. Edited, with Notes, by the Rev.

James Davies, M.A. is. 6d. Or the Adelphi, Andria, and Eunuchus,

3 vols, in 1, cloth boards, 6s.

4. Yirgilii Maronis Bucolica et Georgica. With Notes on the Buco

lics by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d.

5. Virgilii Maronis ^Eneis. Notes, Critical and Explanatory, by H.

Young. 2s.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, s.

20. Latin Prose Selections, from Varro, Columella, Vitruvius,

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto

nius, Apuleius, 8ic. Notes by W. B. Donne, M.A. 2s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.



i6 weale's educational akd classical series.

GREEK.

i4. Greek Grammar, in accordance with the Principles and Philo

logical Researches of the most eminent Scholars of our own day. By Hans

Claudb Hamilton, is.

i5,i7. Greek Lexicon. Containing all the Words in General Use, with

their Significations, Inflections, and Doubtful Quantities. By Henry R.

Hamilton. Vol. i. Greek-English, 2s. ; Vol. 2. English-Greek, 2s. Or the

Two Vols, in One, 4s. : cloth boards, 5s.

i4.i5. Greek Lexicon (as above). Complete, with the Grammar, in

i7. One Vol., cloth boards, 6s.

GREEK CLASSICS. With Explanatory Notes in English.

i. Greek Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New

Edition, with an improved and enlarged Supplementary Vocabulary, by John

Hutchison, M.A., of the High School, Glasgow, is.

30. ./Eschylus : Prometheus Vinctus : The Prometheus Bound. From

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory,

by the Rev. Jambs Davies, M.A. is.

32. ^Eschylus : Septem Contra Thebes : The Seven against Thebes.

From the Text of Dindorf. Edited, with English Notes, Critical and Ex

planatory, by the Rev. James Davies, M A. is.

40. Aristophanes : Achamians. Chiefly from the Text of C. H.

Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d.

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With

Notes, Critical and Explanatory, by John Milner, B.A. is.

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din

dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith,

M.A., F.R.G.S. is. 6d.

i4-i7. Herodotus, The History of, chiefly after the Text of Gaisford.

With Preliminary Observations and Appendices, and Notes, Critical and

Explanatory, by T. H. L. Learv, M.A., D.C.L.

Part i. Books i., ii. (The Clio and Euten>e), is. 6d.

Part 2. Books iii., iv. (The Thalia and Melpomene), is. 6d.

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia) is. 6d.

Part 4. Books viii., iv. (The Urania and Calliope) and Index, is. 6d.

5-i2. Homer, The Works of. According to the Text of Bakumlein.

With Notes, Critical and Explanatory, drawn from the best and latest

Authorities, with Preliminary Observations and Appendices, by T. H. L.

Leary, M.A., D.C.L.

The Iliad : Part I. Books i. to vi., is. 6d. Part 3. Books xiii. to xviii., is. 6d.

Part 2. Books vii.toxii., is. 6d. Part 4. Books xix. to xxiv., is. 6d.

The Odyssey: Parti. Books i. to vi., is. 6d. Part 3. Books xiii. to xviii., is. 6d.

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., and

Hymns, 2s.

4. Lucian's Select Dialogues. The Text carefully revised, with

Grammatical and Explanatory Notes, by H. Young, is.

i3. Plato's Dialogues : The Apology of Socrates, the Crito, and

thePh«edo. From the Text of C. F. Hermann. Edited with Notes, Critical

and Explanatory, by the Rev. James Davi es, M.A. 2s.

i8. Sophocles: CEdipus Tyrannus. Notes by H. Young, is.

20. Sophocles: Antigone. From the Text of Dindorf. Notes,

Critical and Explanatory, by the Rev. John Milner, B.A. 2s.

4i. Thucydides: History of the Peloponnesian War. Notes by H.

Young. Book i. is.

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand.

Notes and a Geographical Register, by H. Young. Part i. Books i. to Hi.,

is. Part 2. Books iv. to vii., is.

42. Xenophon's Panegyric on Agesilaus. Notes and Intro.

duction by Ll. F. W. Jewitt. is. 6d.

TOCKWO0D AND CO., 7, STATIONERS' HALL COURT, E.C.



London, May, i875.

INCLUDING MANY

NEW & STANDARD WORKS
IN

ENGINEERING, ARCHITECTURE,

AGRICULTURE, MATHEMATICS, MECHANICS,

SCIENCE, &c. &c

PUBLISHED BY

LOCKWOOD & CO.,

7, STATIONERS*-HALL COURT, LUDGATE HILL, E.C.

ENGINEERING, SURVEYING, &C.

Htcmbers New Work on Water-Supply,

A COMPREHENSIVE TREATISE on the WATER-SUPPLY

of CITIES and TOWNS. By William Humber, Assoc. Inst.

C.E., and M. Inst M.E. Author of "Cast and Wrought Iron

Bridge Construction," &c. &c. This work, it is expected, will con

tain about 50 Double Plates, and upwards of 300 pages of Text.

Imp. 4to, half bound in morocco. \In the press.

%* In accumulating informationfor this volume, ike Author has

been very liberally assisted by several professional friends, who have

made this department ofengineering their special study. He has thus

been in a position to prepare a work which, within the limits of a

single volume, will supply the reader with the most complete and

reliable information upon all subjects, theoretical and practical, con

nected with water supply. Through the kindness of Messrs. Ander

son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson,

Milne, Quick, Rawlinson, Simpson, and others, several works, con

structed and in course ofconstruction, from the designs ofthese gentle

men, will befully illustratedand described.

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED

IN THE TEXT!—

Historical Sketch of the means that have been proposed and adopted for the Supply

of Water,—Water and the Foreign Matter usually associated wiui it.—Rainfall and

Evaporation.— Springs and Subterranean Lakes.— Hydraulics.—The Selection of

Sites for Water Works.—Wells.—Reservoirs.—Filtration and Filter Beds.—Reservoir

and Filter Bed Appendages.—Pumps and Appendages.—Pumping Machinery.—

Culverts and Conduits, Aqueducts, Syphons, &c.—Distribution of Water.—Water

Meters and general House Fittings.—Cost of Works for the Supply of Water.—Con

stant and Intermittent Supply.—Suggestions for preparing Plans, &c. &c., together

with a Description of the numerous Works illustrated, viz :—Aberdeen, Bideford,

Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham,

Sunderland, and several others ; with copies of the Contract, Drawings and Specifi

cation in each case.
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Humbers Modern Engineering, First Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, i863. Comprising Civil, Mechanical, Marine, Hydraulic,

Railway, Bridge, and other Engineering Works, &c. By William

Humber, Assoc. Inst. C.E., &c. Imp. 4*0, with 36 Double

Plates, drawn to a large scale, and Photographic Portrait of John

Hawkshaw, C.E., F.R.S., &c. Price 3/. 3J. half morocco.

List of the Plates.

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.

Victoria Station and Roof—L.B.&S.C. Rail. 1 to 8 Mr. R. Jacomb Hood, C.E.

Southport Pier g and i0 Mr. James Brunlees, C. E.

Victoria Station and Roof—L. C. &D. &G.W.

Railways n toi5A Mr. John Fowler, C.E.

Roof of Cremome Music Hall i6 Mr. William Humber, C.E.

Bridge over G. N. Railway i7 Mr. Joseph Cubitt, C.E.

Roofof Station—Dutch Rhenish Railway .. i8 and i9 Mr. Euschedi, C.E.

Bridge over the Thames—West London Ex

tension Railway 20 to 24 Mr. William Baker, C.E.

Armour Plates 25 Mr. James Chalmers, C.E.

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C.E.

The Allen Engine 30 Mr. G. T. Porter, M.E.

Suspension Bridge, Avon 3i to 33 Mr. John Hawkshaw, C. E.

and W. H. Barlow, C.E.

Underground Railway 34 to 36 Mr. John Fowler, C.E.

With copious Descriptive Letterpress, Specifications, &c.

" Handsomely lithographed and printed. It will find favour with many who desire

to preserve in a permanent form copies of the plans and specifications prepared for the

guidance of the contractors for many important engineering works."—Engineer.

Humberts Modern Engineering. Second Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, i864 ; with Photographic Portrait of Robert Stephenson,

C.E., M.P., F.R.S., &c. Price 3/. y. half morocco.

List of the Plates.

NAME AND DESCRIPTION. " PLATES. NAME OF ENGINEER.

Birkenhead Docks, Low Water Basin i to i5 Mr. G. F. Lyster, C.E.

Charing Cross Station Roof—C. C. Railway. i6 to i8 Mr. Hawkshaw, C.E.

Digswell Viaduct—Great Northern Railway. i9 Mr. J. Cubitt, C.E.

Robbery Wood Viaduct—Great N. Railway. 20 Mr. J. Cubitt, C.E.

Iron Permanent Way 20**

Clydach Viaduct—Merthyr, Tredegar, and

Abergavenny Railway 21 Mr. Gardner, C.E.

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E.

College Wood Viaduct—Cornwall Railway .. 23 Mr. Brunei.

Dublin Winter Palace Roof 24 to 26 Messrs. Ordish & Le Feuvre.

Bridge over the Thames—L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E.

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller.

With copious Descriptive Letterpress, Specifications, &c.

" A resume of all the more interesting and important works lately completed in Great

Britain ; and containing, as it does, carefully executed drawings, with full working 1

details, it will be found a valuable accessory to the profession at large."—Engineer, (

"Mr. Humber has done the profession rood and true service, by the fine collection

of examples he has here brought before the profession and the public."—Practical 1

Mechanics' Journal.
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Humberts Modern Engineering. Third Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large

scale, and Photographic Portrait of J. R. M'Clean, Esq., late Pre

sident of the Institution of Civil Engineers. Price 3/. 3J. half

morocco.

List ofPlates and Diagrams.

Bridge over River Lea.

Bridge over River Lea.

MAIN DRAINAGE, METROPOLIS.

North Side.

Map showing Interception of Sewers.

Middle Level Sewer. Sewer under Re

gent's Canal.

Middle Level Sewer. Junction with Fleet

Ditch.

Outfall Sewer. Bridge over River Lea.

Elevation.

Outfall Sewer.

Details.

Outfall Sewer.

Details.

Outfall Sewer. Bridge over Marsh Lane,

North Woolwich Railway, and Bow and

Barking Railway Junction.

Outfall Sewer. Bridge over Bow and

Barking Railway. Elevation.

Outfall Sewer. Bridge over Bow and

Barking Railway. Details.

Outfall Sewer. Bridge over Bow and

Barking Railway. Details.

Outfall Sewer. Bridge over East London

Waterworks' Feeder. Elevation.

Outfall Sewer. Bridge over East London

Waterworks' Feeder. Details.

Outfall Sewer. Reservoir. Plan.

Outfall Sewer. Reservoir. Section.

Outfall Sewer. Tumbling Bay and Outlet.

Outfall Sewer. Penstocks.

South Side.

Outfall Sewer. Bermondsey Branch.

Outfall Sewer.

Outfall Sewer.

Plan.

Bermondsey Branch.

Reservoir and Outlet.

With copious Descriptive Letterpress, Specifications, &c.

Opinions of the Press.

MAIN DRAINAGE, METROPOLIS,

continued—

Outfall Sewer. Reservoir and Outlet.

Details.

Outfall Sewer. Reservoir and Outlet.

Details.

Outfall Sewer. Reservoir and Outlet.

Details.

Outfall Sewer. Filth Hoist.

Sections of Sewers {North and South

Sides}.

THAMES EMBANKMENT.

Section of River Wall.

Steam-boat Pier, Westminster. Elevation.

Steam-boat Pier, Westminster. Details.

Landing Stairs between Charing Cross

and Waterloo Bridges.

York Gate. Front Elevation.

York Gate. Side Elevation and Details.

Overflow and Outlet at Savoy Street Sewer.

Details.

Overflowand Outlet at Savoy Street Sewer.

Penstock.

Overflow and Outlet at Savoy Street Sewer.

Penstock.

Steam-boat Pier, Waterloo Bridge. Eleva

tion.

Steam-boat Pier, Waterloo Bridge. De

tails.

Steam-boat Pier, Waterloo Bridge. De

tails.

Junction of Sewers. Plans and Sections.

Gullies. Plans and Sections.

Rolling Stock.

Granite and Iron Forts.

4t Mr. Humbert works—especially his annual ' Record,' with which so many of our

readers are now familiar—fill a void occupied by no other branch of literature

The drawings have a constantly increasing value, and whoever desires to possess clear

representations of the two great works carried out by our Metropolitan Board will

obtain Mr. number's last volume."—Engineering.

1' No engineer, architect, or contractor should fail to preserve these records of works

which, for magnitude, have not their parallel in the present day, no student in the

profession but should carefully study the details of these great works, which he may be

one day called upon to imitate."—Mechanics' Magazine.

" A work highly creditable to the industry of its author The volume is quite

an encyclopaedia for the study of the student who desires to master the subject of

municipal drainage on its scale of greatest development."—Practicat Mechanics

Journal.
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Humberts Modern Engineering. Fourth Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, i866. Imp. 410, with 36 Double Plates, drawn to a large

scale, and Photographic Portrait of John Fowler, Esq., President

of the Institution of Civil Engineers. Price 3/. %s. half-morocco.

List of the Plates and Diagrams.

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER.

AbbeyMills Pumping Station, Main Drainage,

Metropolis 1 to 4 Mr. Bazalgette, C. E.

Barrow Docks 5 to 9 Messrs. M'Clean & Stillman,

Manquis Viaduct, Santiago and Valparaiso [C.E.

Railway i0, n Mr. W. Loyd, C.E.

Adams' Locomotive, St Helen's Canal Railw. i2, i3 Mr. H. Cross, C.E.

Cannon Street Station Roof, Charing Cross

Railway 14 to i6 Mr. J. Hawkshaw, C. E.

Road Bridge over the River Moka. i7, i8 Mr. H. Wakefield, C.E.

Telegraphic Apparatus for Mesopotamia .... i9 Mr. Siemens, C.E.

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E.

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunei, C.E.

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E.

Millwall Docks 26 to 3i Messrs. J. Fowler, C.E., and

William Wilson, C.E.

Milroy's Patent Excavator 32 Mr. Milroy, C E.

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in-

Chief, and Mr. T. M.

Johnson, C.E.

Harbours, Ports, and Breakwaters A to c

The Letterpress comprises—

A concluding article on Harbours, Ports, and Breakwaters, with

Illustrations and detailed descriptions of the Breakwater at Cher

bourg, and other important modern works ; an article on the

Telegraph Lines of Mesopotamia ; a full description of the Wrought-

iron Diving Cylinder for Ceylon, the circumstances under which it

was used, and the means of working it ; full description of the

Millwall Docks ; &c., &c., &c.

Opinions ofthe Press.

" Mr. Humber's i Record of Modern Engineering 1 is a work of peculiar value, as

well to those who design as to those who study the art of engineering construction.

It embodies a vast amount of practical information in the form of full descriptions and

working drawings of all the most recent and noteworthy engineering works. The

plates are excellently lithographed, and the present volume of the ' Record ' is not a

whit behind its predecessors."—Mechanic? Magazine.

" We gladly welcome another year's issue of this valuable publication from the able

pen of Mr. number. The accuracy and general excellence of this work are well

known, while its usefulness in giving the measurements and details of some of the

latest examples of engineering, as carried out by the most eminent men in the profes

sion, cannot be too highly prized."—Artizan.

" The volume forms a valuable companion to those which have preceded it, and

cannot fail to prove a most important addition to every engineering library."—Alining

Journal.

" No one of Mr. Humber's volumes was bad ; all were worth their cost, from the

mass of plates from well-executed drawings which they contained. In this respect,

perhaps, this last volume is the most valuable that the author has produced."—Prac

tice, i Mechanics1 Journai.
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Humbe^s Great Work on Bridge Construction.

A COMPLETE and PRACTICAL TREATISE on CAST and

WROUGHT-IRON BRIDGE CONSTRUCTION, including

Iron Foundations. In Three Parts—Theoretical, Practical, and

Descriptive. By William Humber, Assoc. Inst C. E. , and M. Inst

M.E. Third Edition, revised and much improved, with 115 Double

Plates (20 of which now first appear in this edition), and4numerous

additions to the Text. In 2 vols. imp. 4to., price 67. 16s. 6d. half

bound in morocco.

" A very valuable contribution to the standard literature of civil engineering. In

addition to elevations, plans, and sections, large scale details are given, which very

much enhance the instructive worth of these illustrations. No engineer would wil

lingly be without so valuable a fund of information. "—Civil Engineer and A rchitecfs

Journal.

" The First or Theoretical Part contains mathematical investigations of the prin

ciples involved in the various forms now adopted in bridge construction. These

investigations are exceedingly complete, having evidently been very carefully con

sidered and worked out to the utmost extent that can be desired by the practical man.

The tables are of a very useful character, containing the results of the most recent

experiments, and amongst them are some valuable tables of the weight and cost of

cast and wrought-iron structures actually erected. The volume of text is amply illus

trated by numerous woodcuts, plates, and diagrams ; and the plates in the second

volume do great credit to both draughtsmen and engravers. In conclusion, we have

great pleasure in cordially recommending this work to our readers."—Artisan.

" Mr. Humber's stately volumes lately issued—in which the most important bridges

erected during the last five years, under the direction of the late Mr. Brunei, Sir W.

Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our

most eminent engineers, are drawn and specified in great detail."-—Engineer.

Weatis Engineers' Pocket-Book.

THE ENGINEERS', ARCHITECTS', and CONTRACTORS'

POCKET-BOOK (Lockwood & Co.'s; formerly Whale's).

Published Annually. In roan tuck, gilt edges, with 10 Copper-

Plates and numerous Woodcuts. Price 6s.

" A vast amount of really valuable matter condensed into the small dimen

sions of a book which is, in reality, what it professes to be—a pocket-book

We cordially recommend the book to the notice of the managers cf coal and other

mines ; to them it will prove a handy book of reference on a variety of subjects more

or less intimately connected with their profession."—Colliery Guardian.

" Every branch of engineering is treated of, and facts, figures, and data of every

kind abound."—Mechanics- Mag.

"It contains a large amount of information peculiarly valuable to those for whose

use it is compiled, we cordially commend it to the engineering and architectural

professions generally."—Mining Journal.

Iron Bridges, Girders, Roofs, &c.

A TREATISE on the APPLICATION of IRON to the CON

STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER

WORKS ; showing the Principles upon which such Structures are

Designed, and their Practical Application. Especially arranged for

the use of Students and Practical Mechanics, all Mathematical For

mulae and Symbols being excluded. By Francis Campin, C.E.

With numerous Diagrams. i2mo., cloth boards, $s.

-' For numbers of young engineers the book is just the cheap, handy; first guide

they w3JXt."—Middlesborough Weekly News.

'Invaluable to those who have not been educated in mathematics.''— Colliery

Guardian.

" Remarkably accurate and well written,"—Artisan.



6 WORKS PUBLISHED BY LOCKWOOD & CO.

Barlow on the Strength of Materials, enlarged.

A TREATISE ON THE STRENGTH OF MATERIALS,

with Rules for application in Architecture, the Construction of

Suspension Bridges, Railways, &c. ; and an Appendix on the

Power of Locomotive Engines, and the effect of Inclined Planes

and Gradients. By Peter Barlow, F.R.S. A New Edition,

revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow,

F.R.S., to which are added Experiments by Hodgkinson, Fair-

bairn, and Kirkaldy ; an Essay (with Illustrations) on the effect

produced by passing Weights over Elastic Bars, by the Rev.

Robert Willis, M.A., F.R.S. And Formulae for Calculating

Girders, &c. The whole arranged and edited by W. Humber,

Assoc. Inst. C.E., Author of " A Complete and Practical Treatise

on Cast and Wrought-Iron Bridge Construction," &c &c. Demy

8vo, 400 pp., with 19 large Plates, and numerous woodcuts, price

l&f. cloth.

" Although issued as the sixth edition, the volume under consideration is worthy of

being regarded, for all practical purposes, as an entirely new work . . . the book

is undoubtedly worthy of the highest commendation."—Mining Journal.

" An increased value has been given to this very valuable work by the addition of

a large amount of information, which cannot prove otherwise than highly useful to

those who require to consult it The arrangement and editing of this

mass of information has been undertaken by Mr. Humber, who has most ably fulfilled a

task requiring special care and ability to render it a success."—Mechanics' Magazine.

" The best book on the subject which has yet appeared. .... We know of

no work that so completely fulfils its mission."—English Mechanic.

" There is not a pupil in an engineering school, an apprentice in an engineer's or

architect's office, or a competent clerk of works, who will not recognise in the scientific

volume newly given to circulation, an old and valued friend."—Building N'ws.

"The standard treatise upon this particular subject."—Engineer.

Strains, Formula&DiagramsforCalculation of

A HANDY BOOK for the CALCULATION of STRAINS

in GIRDERS and SIMILAR STRUCTURES, and their

STRENGTH ; consisting ofFormulaeand Corresponding Diagrams,

with numerous Details for Practical Application, &c. By William

Humber, Assoc. Inst. C.E., &c. Fcap. 8vo, with nearly 100

Woodcuts and 3 Plates, price 7^. 6d. cloth.

*- The arrangement of the matter in this little volume is as convenient as it well

could be The system of employing diagrams as a substitute for complex

computations is one justly coming into great favour, and in that respect Mr. Humber's

volume is fully up to the times."—Engineering.

"The formulae are neatly expressed, and the diagrams good."—Athenaum.

'- We heartily commend this really handy book to our engineer and architect

readers."—English Mechanic.

Mechanical Engineering.

A PRACTICAL TREATISE ON MECHANICAL ENGI

NEERING : comprising Metallurgy, Moulding, Casting, Forging,

Tools, Workshop Machinery, Mechanical Manipulation, Manufac

ture of the Steam Engine, &c. &c. With an Appendix on the

Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis

Camfin, C.E. Illustrated with 91 Woodcuts and 28 Plates of

Slotting, Shaping, Drilling, Punching, Shearing, and Riveting

Machines—Blast, Refining, and Reverberatory Furnaces—Steam

Engines, Governors, Boilers, Locomotives, &c. 8vo, cloth, \zs.
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Strains.

THE STRAINS ON STRUCTURES OF IRONWORK;

with Practical Remarks on Iron Construction. By F. W. Sheilds,

M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, <,s. cloth.

Contents.—Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at

unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu

lar bracing Loaded at centre ; JDitto, Loaded at unequal distances between supports ;

Ditto, umformly Loaded ; Calculation of the Strains on Girders with triangular

Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical

Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String

Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap

poitionments of Material to Strain ; Comparison of different Girders ; Proportion of

Length to Depth of Girders ; Character of the Work ; Iron Roofs.

Construction of Iron Beams, Pillars, &c.

IRON AND HEAT, Exhibiting the Principles concerned in the

Construction of Iron Beams, Pillars, and Bridge Girders, and the

Action of Heat in the Smelting Furnace. By James Armour,

C.E. Woodcuts, l2mo, cloth boards, 3s. 6d. ; cloth limp, 2s. 6d.

** A very useful and thoroughly practical little volume, in every way deserving of

circulation amongst working men."—Mining Journal.

" No ironworker who wishes to acquaint himself with the principles of his own

trade can afford to be without it,"—South Durham Mercury.

Power in Motion.

POWER IN MOTION : Horse Power, Motion, Toothed Wheel

Gearing, Long and Short Driving Bands, Angular Forces, &c.

By James Armour, C.E. With 73 Diagrams. i2mo, cloth

boards, 3/. 6d. [Recently published.

" Numerous illustrations enable the author to convey his meaning as explicitly as

it is perhaps possible to be conveyed. The value of the theoretic and practical know

ledge imparted cannot well be over estimated."—Newcastle Weekly Chronicle.

Metallurgy of Iron.

A TREATISE ON THE METALLURGY OF IRON : con

taining Outlines of the History of Iron Manufacture, Methods of

Assay, and Analyses of Iron Ores, Processes of Manufacture of

Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the

Royal School of Mines. With numerous Illustrations. Fourth

Edition, revised and much enlarged. i2mo., cloth boards, 5J. 6d.

\Just published.

" Carefully written, it has the merit of brevity and conciseness, as to less important

points, while all material matters are very fully and thoroughly entered into."—

S'tandard.

Trigonometrical Surveying.

AN OUTLINE OF THE METHOD OF CONDUCTING A

TRIGONOMETRICAL SURVEY, for the Formation of Geo

graphical and Topographical Maps and Plans, Military Recon

naissance, Levelling, &c, with the most useful Problems in Geodesy

and Practical Astronomy, and Formulae and Tables for Facilitating

their Calculation. By Lieut-General Frome, R.E., late In

spector-General of Fortifications, &c. Fourth Edition, Enlarged,

thoroughly Revised, and partly Re-written. By Captain Charles

Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts,

royal 8vo, price idi. oloth.
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Hydraulics.

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE

for finding the Discharge ot Water from Orifices, Notches, Weirs,

Pipes, and Rivers. With New Formulae, Tables, and General

Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,

Water Supply for Towns and Mill Power. By John Neville,

Civil Engineer, M.R.I. A. Third Edition, carefully revised, with

considerable Additions. Numerous Illustrations. Crown 8vo, 14.C

cloth. [Now ready.

Drawing for Engineers, &c.

THE WORKMAN'S MANUAL OF ENGINEERING

DRAWING. By John Maxton, Instructor in Engineering

Drawing, South Kensington. Second Edition, carefully revised.

With upwards of 300 Plates and Diagrams. 121110, cloth,

strongly bound, 4^. 6d.

" Even accomplished diaughtsmen will find in it much that will be of use to them.

A copy of it should be kept for reference in every drawing office."—Engineering.

" An indispensable book for teachers of engineering drawing." — Mechanics-

Magazine.

Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of

LEVELLING ; showing its Application to Purposes of Railway

and Civil Engineering, in the Construction of Roads ; with Mr.

Telford's Rules for the same. By Frederick W. Simms,

F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with

the addition of Mr. Law's Practical Examples for Setting out

Railway Curves, and Mr. Trautwine's Field Practice of Laying

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,

&f. 6d. cloth. *.* Trautwine on Curves, separate, price -\s.

" One of the most important text-books for the general surveyor, and there is

scarcely a question connected with levelling for which a solution would be sought but

that would be satisfactorily answered by consulting the volume."—Mining Journal.

'- The text-book on levelling in most of our engineering schools and colleges."—

Engineer.

The publishers have rendered a substantial service to the profession, especially to

the younger members, by bringing out the present edition of Mr. Simms's useful work."

—Engineering.

Earthwork.

EARTHWORK TABLES, showing the Contents in Cubic Yards

of Embankments, Cuttings, &c, of Heights or Depths up to an

average of 80 feet. By Joseph Broadbent, C.E., and Francis

Campin, C.E. Cr. 8vo. oblong, 5*. cloth. [Just Published.

'' Creditable to both the authors and the publishers. . . . The way in which

accuracy « attained, by a simple division of each cross section into three elements,

two of which are constant and one variable, is ingenious."—Athemrnm.

" Likely to be of considerable service to engineers."—Building News.

"Practical illustrations of the tabulated quantities are given, which make the

working of the tables easy to the most inexperienced. The work is excellently

got up, and the type is remarkably clear ; and contractors, builders, and engineers

should not be without it."—Builders- Weekly Reporter.

"Two additions, one subtraction, and four multiplications, with the use of

the tables, suffice to determine the quantity with considerable accuracy in any

piece of earthwork ; and, as the tables are of pocket-book size and very legibly

printed, they cannot fail to come into general use."—Mining Journal.



WORKS PUBLISHED BY LOCKWOOD & CO. 9

Strength of Cast Iron, &c.

A PRACTICAL ESSAY on the STRENGTH of CAST IRON

and OTHER METALS. By the late Thomas Tredgold, Mem.

Inst. C.E., Author of " Elementary Principles of Carpentry," &c.

Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to

which are added EXPERIMENTAL RESEARCHES on the

STRENGTH and OTHER PROPERTIES of CAST IRON.

By the Editor. The whole Illustrated with 9 Engravings and

numerous Woodcuts. 8vo, \2s. cloth.

*»* Hodgkinson's Experimental Researches on the

Strength and Other Properties of Cast Iron may be had

separately. With Engravings and Woodcuts. 8vo, price 6s. cloth.

The High-Pressure Steam Engine.

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition

of its Comparative Merits, and an Essay towards an Improved

System of Construction, adapted especially to secure Safety and

Economy. By Dr. Ernst Alban, Practical Machine Maker,

Plau, Mecklenberg. Translated from the German, with Notes, by

Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates,

8vo, ids. dd. cloth.

"A work like this, which goes thoroughly into the examination of the high-pressure

engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place

in every scientific library."—Steam Shipping Chronicle.

Steam Boilers.

A TREATISE ON STEAM BOILERS : their Strength, Con

struction, and Economical Working. By Robert Wilson, late

Inspector for the Manchester Steam Users' Association for the

Prevention of Steam Boiler Explosions, and for the Attainment of

Economy in the Application of Steam. i2mo, cloth boards, 328

pages, price ds.

Tables of Curves.

TABLES OF TANGENTIAL ANGLES and MULTIPLES

for setting out Curves from 5 to 200 Radius. By Alexander

Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a

cloth box, waistcoat-pocket size, price 3J. dd.

" Each table is printed on a small card, which, being placed on the theodolite, leaves

the hands free to manipulate the instrument—no small advantage as regards the rapidity

of work. They are clearly printed, and compactly fitted into a small case for the

pocket—an arrangement that will recommend them to all practical men."—Engineer.

" Very handy : a man may know that all his day's work must fall on two of these

cards, which he puts into his own card-case, and leaves the rest behind."—A thenteum.

Laying Out Curves.

THE FIELD PRACTICE of LAYING OUT CIRCULAR

CURVES for RAILROADS. By John C. Trautwine, C.E.

(Extracted from Simms's Work on Levelling). 8vo, Jf. sewed.
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Estimate and Price Book.

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI

MATE AND PRICE BOOK for Home or Foreign Service :

in reference to Roads, Railways, Tramways, Docks, Harbours,

Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water

works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c.

With Specifications for Permanent Way, Telegraph Materials,

Plant, Maintenance, and Working of a Railway ; and a Priced List

of Machinery, Plant, Tools, &c. By W. D. Haskoll, C.E.

Plates and Woodcuts. Published annually. 8vo, cloth, 6s.

" As furnishing a variety of data on every conceivable want to civil engineers and

contractors, this book has ever stood perhaps unrivalled."—Architect.

Surveying (Land and Marine).

LAND AND MARINE SURVEYING, In Reference to the

Preparation of Plans for Roads and Railways, Canals, Rivers,

Towns' Water Supplies, Docks and Harbours ; with Description

and Use of Surveying Instruments. By W. Davis Haskoll, C. E. ,

Author of "The Engineer's Field Book," " Examples of Bridge

and Viaduct Construction," &c. Demy 8vo, price 12s. 6d, cloth,

with 14 folding Plates, and numerous Woodcuts.

" A most useful and well arranged book for the aid of a student .... We

can strongly recommend it as a carefully-written and valuable text-book."—Builder.

" Mr. Haskoll has knowledge and experience, and can so give expression to it as

to make any matter on which he writes, clear to the youngest pupil in a surveyor's

office. "—Colliery Guardian.

" A volume which cannot fail to prove of the utmost practical utility It

is one which may be safely recommended to all students who aspire to become clean

and expert surveyors."—Mining Journal.

Engineering Fieldwork.

THE PRACTICE OF ENGINEERING FIELDWORK,

applied to Land and Hydraulic, Hydrographic, and Submarine

Surveying and Levelling. Second Edition, revised, with consider

able additions, and a Supplementary Volume on WATER

WORKS, SEWERS, SEWAGE, and IRRIGATION. By W.

Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2

vols, in one, cloth boards, i/. is. (published at 2.1. us.)

Mining, Surveying and Valuing.

THE MINERAL SURVEYOR AND VALUER'S COM

PLETE GUIDE, comprising a Treatise on Improved Mining

Surveying, with new Traverse Tables ; and Descriptions of Im

proved Instruments ; also an Exposition of the Correct Principles

of Laying out and Valuing Home and Foreign Iron and Coal

Mineral Properties: to which is appended M. THOMAN'S (of

the Credit Mobilier, Paris) TREATISE on COMPOUND IN

TEREST and ANNUITIES, with LOGARITHMIC TABLES.

By William Lintern, Mining and Civil Engineer. i2mo,

strongly bound in cloth boards, with four Plates of Diagrams,

Plans, &c, price iqi. 6d.

" Contains much valuable information given in a small compass, and which, as far

as we have tested it, is thoroughly trustworthy."—Iron and Coal Trades Review.

-' The matter, arrangement, and illustration of this work are all excellent, and make

it one of the best of its kind."—Standard.
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Fire Engineering.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With

a History of Fire-Engines, their Construction, Use, and Manage

ment ; Remarks on Fire-Proof Buildings, and the Preservation ot

Life from Fire ; Statistics of the Fire Appliances in English

Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c.

By Charles F. T. Young, C.E. With numerous Illustrations,

handsomely printed, 544 pp., demy 8vo, price \l. 4s. cloth.

" We can most heartily commend this book. .... It is really the only English

work we now have upon the subject."—Engineering.

1 We strongly recommend the book to the notice of all who are in any way in

terested in fires, fire-engines, or fire-brigades."—Mechanic? Magazine.

Manual of Mining Tools.

MINING TOOLS. For the use of Mine Managers, Agents,

Mining Students, &c. By William Morgans, Lecturer on Prac

tical Mining at the Bristol School of Mines. Volume of Text.

i2mo. With an Atlas of Plates, containing 235 Illustrations. 4to.

Together, price ox cloth boards. [Recently published.

" Students in the Science of Mining, and not only they, but subordinate officials in

mines, and even Overmen, Captains, Managers, and Viewers may gain practical

knowledge and useful hints by the study of Mr. Morgans'*; Manual."— Colliery

Guardian.

"A very valuable work, which will tend materially to improve our mining litera

ture."—Mining Journal.

Gas and Gasworks.

A TREATISE on GASWORKS and the PRACTICE of

MANUFACTURING and DISTRIBUTING COAL GAS.

By Samuel Hughes, C.E. Fourth Edition, revised by W.

Richards, C.E. With 68 Woodcuts, bound in cloth boards,

l2mo, price 4J.

Waterworks for Cities and Towns.

WATERWORKS for the SUPPLY of CITIES and TOWNS,

with a Description of the Principal Geological Formations of

England as influencing Supplies of Water. By Samuel Hughes,

F.G.S., Civil Engineer. New and enlarged edition, i2mo, cloth

boards, with numerous Illustrations, price §s.

" One of the most convenient, and at the same time reliable works on a subject,

the vital importance of which cannot be over-estimated."—Bradford Observer.

Coal and Coal Mining.

COAL AND COAL MINING : a Rudimentary Treatise on. By

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector

of the Mines of the Crown and of the Duchy of Cornwall. New

edition, revised and corrected. i2mo., cloth boards, with nume

rous Illustrations, price 4s. 6d.

" Every portion of the volume appears to have been prepared with much care, and

as an outline is given of every known coal-field in this and other countries, as well as

of the two principal methods of working, the book will doubtless interest a very

large number of readers."—Mining Journal.

"Certainly experimental skill and rule-of-thumb practice would be greatly en-

riched by the addition of the theoretical knowledge and scientific information wb1

Mr. Warington Smyth communicates in combination with the results of his OWT

perience and personal research."—Colliery Guardian.
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Field-Bookfor Engineers.

THE ENGINEER'S, MINING SURVEYOR'S, and CON

TRACTOR'S FIELD-BOOK. By W. Davis Haskoix, Civil

Engineer. Third Edition, much enlarged, consisting of a Series

, of Tables, with Rules, Explanations of Systems, and Use of Theo

dolite for Traverse Surveying and Plotting the Work with minute

accuracy by means of Straight Edge and Set Square only ; Levelling

with the Theodolite, Casting out and Reducing Levels to Datum,

and Plotting Sections in the ordinary manner; Setting out Curves

with the Theodolite by Tangential Angles and Multiples with Right

and Left-hand Readings of the Instrument; Setting out Curves

without Theodolite on the System of Tangential Angles by Sets of

Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal

culated for every 6 inches in depth. With numerous wood-cuts,

i2mo, price 12s. cloth.

" A very useful work for the practical engineer and surveyor. Every person

engaged in engineering field operations will estimate the importance of such a work

and the E.mount of valuable time which will be saved by reference to a set of reliable

tables prepared with the accuracy and fulness of those given in this volume."—Rail-

way News.

" The book is very handy, and the author might have added that the separate tables

of sines and tangents to every minute will make it useful for many other purposes, the

genuine traverse tables existing all the same."—Athenieum.

" The work forms a handsome pocket volume, and cannot fail, from its portability

and utility, to be extensively patronised by the engineering profession.''—Mining

Journal.

" We strongly recommend this second edition of Mr. Haskoll's ' Field Book ' to all

classes of surveyors."—Colliery Guardia?i.

Earthwork, Measurement and Calculation of.

A MANUAL on EARTHWORK. By Alex. J. S. GRAHAM,

C.E., Resident Engineer, Forest of Dean Central Railway. With

numerous Diagrams. i8mo, 2s. 6d. cloth.

"Asa really handy book for reference, we know of no work equal to it ; and the

railway engineers and others employed in the measurement and calculation of earth

work will find a great amount of practical information very admirably arranged, and

available for general or rough estimates, as well as for the more exact calculations

required in the engineers' contiactor's offices."—Artizan.

Harbours.

THE DESIGN and CONSTRUCTION of HARBOURS : A

Treatise on Maritime Engineering. By Thomas Stevenson,

F.R.S.E., F.G.S., M.I.C.E. Second Edition, containing many

additional subjects, and otherwise generally extended and revised.

With 20 Plates and numerous Cuts. Small 4to, 15*. doth.

Mathematical and Drawing Instruments.

A TREATISE ON THE PRINCIPAL MATHEMATICAL

AND DRAWING INSTRUMENTS employed by the Engineer,

Architect, and Surveyor. By Frederick W. Simms, M. Inst.

C. E. , Author of ' ' Practical Tunnelling, " &c. Third Edition, wi th

numerous Cuts. l2mo, price 3s. 6d. cloth.
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Bridge Construction in Masonry, Timber, & Iron.

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC

TION OF MASONRY, TIMBER, AND IRON ; consisting of

46 Plates from the Contract Drawings or Admeasurement of select

Works. By W. Davis Haskoll, C.E. Second Edition, with

the addition of 554 Estimates, and the Practice of Setting out Works,

illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. rV.

half-morocco.

" One of the very few works extant descending to the level of ordinary routine, and

treating on the common every-day practice of the railway engineer. ... A work of

the present nature by a man of Mr. Haskoll's experience, must prove invaluable to

hundreds. The tables of estimates appended to this edition will considerably enhance

its value."—Engineering.

Mathematical Instruments, their Construction, &c.

MATHEMATICAL INSTRUMENTS : their CONSTRUC

TION, ADJUSTMENT, TESTING, AND USE; comprising

Drawing, Measuring, Optical, Surveying, and Astronomical Instru

ments. By J. F. Heather, M.A., Author of "Practical Plane

Geometry, " Descriptive Geometry, " &c. Enlarged Edition, for

the most part entirely rewritten. With numerous Wood-cuts.

12mo, cloth boards, price 5*.

Oblique Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of

OBLIQUE ARCHES. By John Hart. Third Edition, with

Plates. Imperial 8vo, price 8s. cloth.

Oblique Bridges.

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE

BRIDGES, with 13 large folding Plates. By Geo. Watson

Buck, M. Inst. C.E. Second Edition, corrected by W. H.

Barlow, M. Inst. C.E. Imperial 8vo, I2J. cloth.

"The standard text-book for all engineers regarding skew arches, is Mr. Buck's

treatise, and it would be impossible to consult a better."—Engineer.

Pocket-Bookfor Marine Engineers.

A POCKET BOOK FOR MARINE ENGINEERS. Con

taining useful Rules and Formula; in a compact form. By Frank

Proctor, A. I.N. A. Second Edition, revised and enlarged.

Royal 32mo, leather, gilt edges, with strap, price 4J.

"We recommend it to our readers as going far to supply a long-felt want."—

Naval Science.

" A most useful companion to all marine engineers."— United Service Gazette.

"Scarcely anything required by a naval engineer appears to have been for

gotten.—Iron.

" A very valuable publication ... a means of saving much time and labour."—

Nc7L' 3 -orh Monthly Record.

Weale's Dictionary of Terms.

A DICTIONARY of TERMS used in ARCHITECTURE,

BUILDING, ENGINEERING, MINING, METALLURGY,

ARCHEOLOGY, the FINE ARTS, &c. By John Weale.

Fourth Edition, enlarged and revised by Robert Hunt, F.R.S.,

Keeper of Mining Records, Editor of " Ure's Dictionary of Arts,"

&c. l2mo, cloth boards, price 6\r.
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Grantham s Iron Skip-Building, enlarged.

ON IRON SHIP-BUILDING; with Practical Examples and

Details. Fifth Edition. Imp. 4t0, boards, enlarged from 24 to 40

Plates (21 quite new), including the latest Examples. Together

with separate Text, l2mo, cloth limp, also considerably enlarged.

By John Grantham, M. Inst. C.E., &c. Price 2/. 2s. complete.

Description of Plates.

1. Hollow and Bar Keels, Stem and

Stern Posts. [Pieces.

a. Side Frames, Floorings, and Bilge

3. Floorings continued—Keelsons,Deck

Beams, Gunwales, and Stringers.

4. Gunwales continued— Lower Decks,

and Orlop Beams.

4a. Gunwales and Deck Beam Iron.

5. AHgle-Iron, T Iron, 2 Iron, Bulb

Iron, as Rolled for Building.

6. Rivets, shown in section, natural size ;

Flush and Lapped Joints, with

Single find Double Riveting.

7. Plating, three plans ; Bulkheads and

Modes of Securing them.

Iron Masts, with Longitudinal and

Transverse Sections.

Sliding Keel, Water Ballast.Moulding

the Frames in Iron Ship Building,

Levelling Plates.

Longitudinal Section, and Half-

breadth Deck Plan of Large Vessels

on a reduced Scale.

Midship Sections of Three Vessels.

Large Vessel, showing Details—Fore

End in Section, and End View,

with Stern Post, Crutches, &c.

Large /-Vw/,showing Details—After

End in Section, with End View,

Stern Framefor Screw, and Rudder.

14. Large Vessel, showingDetails—Mid

ship Section, half breadth.

15. Machines for Punching and Shearing

Plates and Angle-Iron, and for

Bending Plates ; Rivet Hearth.

15a. Beam-Bending Machine, Indepen

dent Shearing, Punchingand Angle-

Iron Machine.

8.

*3'

19.

15& Double Lever Punching and Shearing

Machine, arranged for cutting

Angle and T Iron, with Dividing

Table and Engine.

16. Machines.—Garforth's Riveting Ma

chine, Drilling and Counter-Sinking

Machine.

16a. Plate Planing Machine.

17. Air Furnace for Heating Plates an;l

Angle-Iron ; Various Tools used in

Riveting and Plating.

18. Gunwale; Keel and Flooring ; Plan

for Sheathing with Copper.

i8rt. Grantham's Improved Plan of Sheath

ing Iron Ships with Copper.

Illustrations of the Magnetic Condi

tion of various Iron Ships.

20. Gray's Floating Compass and Bin

nacle, with Adjusting Magnets, &c.

21. Corroded Iron Bolt in Frame of

Wooden Ship ; Jointing Plates.

22-4. Great Eastern—Longitudinal Sec

tions and Half-breadth Plans—Mid

ship Section, with Details—Section

in Engine Room, and Paddle Boxes.

25-6. Paddle Steam Vessel of Steel.

27. Scarbrough—Paddle Vessel of Steel.

2S-9. Proposed Passenger Steamer.

30. Persian—Iron Screw Steamer.

Midship Section of H.M. Steam

Frigate, Warrior.

Midship Section of H.M. Steam

Frigate, Hercules.

Stem, Stern, and Rudder of H.M.

Steam Frigate, Bellerophon.

Midship Section of H. M. Troop Ship,

Serapis.

Iron Floating Dock.

3i-

32.

34.

" A thoroughly practical work, and every question of the many in relation to iron

shipping which admit of diversity of opinion, or have various and conflicting personal

interests attached to them, is treated with sober and impartial wisdom and good sense.

. . . . As good a volume for the instruction of the pupil or student of iron naval

architecture as can be found in any language."—Practical Mechanics' Journal.

"A very elaborate work. ... It forms a most valuable addition to the history

of iron shipbuilding, while its having been prepared by one who has made the subject

his study for many years, and whose qualifications have been repeatedly recognised,

will recommend it as one of practical utility to all interested in shipbuilding."—Army

and Navy Gazette.

Steam.

THE SAFE USE OF STEAM: containing Rules for Unpro

fessional Steam Users. By an Engineer.

N. B.'—This little ivork should be in the hands of every person

having to deal ivith a Steam Engine of any kind.

" "team-users would but leam this little book by heart, and then hand it to

ers to do the same, and see that the latter do it, boiler explosions would

sations by their rarity."—English Mechanic.
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ARCHITECTURE, &c.

Construction.

THE SCIENCE of BUILDING : An Elementary Treatise on

the Principles of Construction. By E. Wyndham Tarn, M.A.,

Architect. Illustrated with 47 Wood Engravings. Demy 8vo,

price &f. 6d. cloth. [Recently published.

'' A very valuable book, which we strongly recommend to all students."—Builder.

"While Mr. Tarn's valuable little volume is quite sufficiently scientific to answer

the purposes intended, it is written in a style that will deservedly make it popular.

The diagrams are numerous and exceedingly well executed, and the treatise does

credit alike to the author and the publisher."—Engineer.

" No architectural student should be without this hand-book of constructional

knowledge."—Architect.

"The book is very far from being a mere compilation ; it is an able digest of

information which is only to be found scattered through various works, and contains

more really original writing than manyputting forth far stronger claims to originality."

—Engineering.

Beaton's Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING

TRADES, being an easy method of estimating the various parts

of a Building collectively, more especially applied to Carpenters'

and Joiners' work, priced according to the present value of material

and labour. By A. C. Beaton, Author of ' Quantities and

Measurements.' 33 Woodcuts. Leather. Waistcoat-pocket size. 2s.

Beaton's Builders'andSurveyors TechnicalGuide.

THE POCKET TECHNICAL GUIDE AND MEASURER

FOR BUILDERS AND SURVEYORS: containing a Complete

Explanation of the Terms used in Building Construction, Memo

randa for Reference, Technical Directions for Measuring Work io

all the Building Trades, with a Treatise on the Measurement of

Timbers, and Complete Specifications for Houses, Roads, and

Drains. By A. C. Beaton, Author of ' Quantities and Measure

ments.' With 19 Woodcuts. Leather. Waistcoat-pocket size. 2s.

Villa Architecture.

A HANDY BOOK of VILLA ARCHITECTURE ; being a

Series of Designs for Villa Residences in various Styles. With

Detailed Specifications and Estimates. By C. Wickes, Architect,

Author of " The Spires and Towers of the Mediaeval Churches of

England," &c. First Series, consisting of 30 Plates ; Second

Series, 31 Plates. Complete in I vol. 4to, price 2/. roc. half

morocco. Either Series separate, price 1/. Is. each, half morocco.
fl The whole of the designs bear evidence of their being the work of an artistic

architect, and they will prove very valuable and suggestive to architects, students, and

amateurs."—Building News.

The Architect's Guide.

THE ARCHITECT'S GUIDE ; or, Office and Pocket Com

panion for Engineers, Architects, Land and Building Surveyors,

Contractors, Builders, Clerks of Works, &c By W. Davis

Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and

P. Thompson. With numerous Experiments by G. Rennie,

C.E., &c. Woodcuts, 12mo, cloth, price y. 6d.
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Architecture, Ancient and Modern.

RUDIMENTARY ARCHITECTURE, Ancient and Modern.

Consisting of. VITRUVIUS, translated by Josei-h Gwii.t,

F.S.A., &c, with 23 fine copper plates; GRECIAN Archi

tecture, by the Earl of Aberdeen ; the ORDERS of

Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi

tecture of Various Countries, by T. Talbot Bury ; The

PRINCIPLES of DESIGN in Architecture, by E. L. Garbett.

In one handsome volume, half-bound (pp. 1,100), copiously illus

trated, price I2i.

*.* Sold separately, in two vols., as follmvs, price 6s. each, hf.-bd.

ANCIENT ARCHITECTURE. Containing Gwilt's Vitravius

and Aberdeen's Grecian Architecture.

N. B. — This is the only edition of VITRUVIUS procurable at a

moderate price.

MODERN ARCHITECTURE. Containing the Orders, by Leeds ;

The Styles, by Bury; and Principles of Design, by Garbett.

The Young Architect's Book.

HINTS TO YOUNG ARCHITECTS. By George Wight-

wick, Architect, Author of " The Palace of Architecture," &c. &c

New Edition, revised and enlarged. By G. Huskisson Guii.-

laume, Architect. With numerous illustrations. i2mo. cloth

boards, 4s. [fast Published.

Drawingfor Builders and Students.

PRACTICAL RULES ON DRAWING for the OPERATIVE

BUILDER and YOUNG STUDENT in ARCHITECTURE.

By George Pyne, Author of a "Rudimentary Treatise on Per

spective for Beginners." With 14 Plates, 4to, Is. 6d., boards.

Contents.—I. Practical Rules on Drawing—Outlines. II. Ditto—the Grecian

and Roman Orders. III. Practical Rules on Drawing—Perspective. IV. Practical

Rules on Light and Shade. V. Practical Rules on Colour, &c &c.

Cottages, Villas, and Country Houses.

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and

COUNTRY HOUSES ; being the Studies of several eminent

Architects and Builders ; consisting of Plans, Elevations, and Per

spective Views ; with approximate Estimates of the Cost of each.

In 4to, with 67 plates, price I/, is., cloth.

Builder's Price Book.

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S

PRICE BOOK—with which is incorporated Atchley's, and por

tions of the late G. R. Burnell's Builders' Price Books—for 1875,

containing the latest prices of all kinds of Builders' Materials and

Labour, and of all Trades connected with Building; with many

useful and important Memoranda and Tables ; Lists of the Mem

bers of the Metropolitan Board of Works, of Districts, District

Officers, and District Surveyors, and the Metropolitan Bye-laws.

The whole revised and edited by Francis T. W. Miller, Archi

tect and Surveyor. Fcap. 8vo, strongly half-bound, price 4s.
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Handbook of Specifications.

THE HANDBOOK OF SPECIFICATIONS; or, Practical

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing

up Specifications and Contracts for Works and Constructions.

Illustrated by Precedents of Buildings actually executed by eminent

Architects and Engineers. Preceded by a Preliminary Essay, and

Skeletons of Specifications and Contracts, &c, &c, and explained

by numerous Lithograph Plates and Woodcuts. By Professor

Thomas L. Donaldson, President of the Royal Institute of British

Architects, Professor of Architecture and Construction, University

College, London, M.I.B.A., Member of the various European

Academies of the Fine Arts. With A Review of the Law of

Contracts, and of the Responsibilities of Architects, Engineers,

and Builders. By W. Cunningham Glen, Barrister-at-Law, of

the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. of

text, and 33 Lithographic Plates, cloth, 2/. zr. (Published at 4/. )

" In these two volumes of 1,100 pages (together), forty-four specifications of executed

works are given, including the specifications for parts of the new Houses of Parliament,

fay Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P,

"Amongst the other known buildings, the specifications of which are given, are

the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra

ham) ; the City Prison, Holloway (Bunning) ; the High School, Edinburgh (Hamilton) ;

Clothwsrkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ;

Houses in Grosvenor Square, and elsewhere ; St. George's Church, Doncaster

(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware

house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway

Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New

castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ;

and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand,

Hittorff, Pellechet, and Rohault de Fleury, architects). The majority of the specifi

cations have illustrations in the shape of elevations and plans.

"About 140 pages of the second volume are appropriated to an exposition of the

law in relation to the legal liabilities of engineers, architects, contractors, and builders,

by Mr. W. Cunningham Glen, Barrister-at-law. Donaldson's Handbook of Spe

cifications must be bought by all architects."—Builder.

Specifications for Practical Architecture.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE :

A Guide to the Architect, Engineer, Surveyor, and Builder ; with

an Essay on the Structure and Science of Modern Buildings. By

Frederick Rogers, Architect. With numerous Illustrations.

Demy 8vo, price 15J., cloth. (Published at 1l. 10s.)

%* A volumeof specifications ofa practical character being greatly required, and the

old standard work of Alfred Bartholomew being out of print, the author, on the basis

of that work, has produced the above. Some of the specifications he has so altered

as to bring in the now universal use of concrete, the improvements in drainage, the

use of iron, glass, asphalte, and other material. He has also inserted specifications

of works that have been erected in his own practice.

The House-Owner's Estimator.

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it

Cost to Build, Alter, or Repair? A Price-Book adapted to the

Use of Unprofessional People as well as for the Architectural

Surveyor and Builder. By the late James D. Simon, A.R.I.B.A.

Edited and Revised by Francis T. W. Miller, Surveyor. With

numerous Illustrations. Second Edition, with the prices carefully

revised to 1875. Crown 8vo, cloth, price 3s. 6d.
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CARPENTRY,, TIMBER, &C.

Tredgold's Carpentry, new, enlarged, and cheaper

Edition.

THE ELEMENTARY PRINCIPLES OF CARPENTRY :

a Treatise on the Pressure and Equilibrium of Timber Framing, the

Resistance of Timber, and the Construction of Floors, Arches,

Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which

is added an Essay on the Nature and Properties of Timber, &c.,

with Descriptions of the Kinds of Wood used in Building ; also

numerous Tables of the Scantlings of Timber for different purposes,

the Specific Gravities of Materials, &c. By Thomas Tredgold,

C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor

rected and enlarged. With 64 Plates (n of which now first appear

in this edition), Portrait of the Author, and several Woodcuts. In

i vol., 4to, published at 2/. 2s., reduced to I/. $s., cloth.

"'Tredgold's Carpentry' ought to be in every architect's and every builder's

library, and those who do not already possess it ought to avail themselves of the new

issue. "—Builder.

"A work whose monumental excellence must commend it wherever skilful car

pentry is concerned. The Author's principles are rather confirmed than impaired by

time, and, as now presented, combine the surest base with the most interesting display

of progressive science. The additional plates are of great intrinsic value."—Building

News.

Grandys Timber Tables.

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S,

and BUILDER'S STANDARD GUIDE. By Richard E.

Grandy. Comprising :—An Analysis of Deal Standards, Home

and Foreign, with comparative Values and Tabular Arrangements

for Fixing Nett Landed Cost on Baltic and North American Deals,

including all intermediate Expenses, Freight, Insurance, Duty, &c.,

&c. ; together with Copious Information for the Retailer and

Builder. i2mo, price Js. 6d. cloth.

" Everything it pretends to be : built up gradually, it leads one from a forest to a

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns,

cisterns, &c.—all that the class to whom it appeals requires."—English Mechanic.

"The only difficulty we have is as to what is not in its pages. What we have tested

of the contents,taken at random, is invariably correct."—IllustratedBuilder's Journal.

Tablesfor Packing-Case Makers.

PACKING-CASE TABLES ; showing the number of Superficial

Feet in Boxes or Packing-Cases, from six inches square and

upwards. Compiled by William Richardson, Accountant.

Oblong 4to, cloth, price y. 6d.

"Will save much labour and calculation to packing-case makers and those who use

packing-cases."—Grocer. " Invaluable labour-saving tables."—Ironmonger.

Nicholson's Carpenter's Guide.

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES

for CARPENTERS : comprising all the Elementary Principles

essential for acquiring a knowledge of Carpentry. Founded on the

late Peter Nicholson's standard work. A new Edition, revised

by Arthur Ashpitel, F.S.A., together with Practical Rules on

Drawing, by George Pyne. With 74 Plates, 4to, U. is. cloth.
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Dowsing's Timber Merchant's Companion.

THE TIMBER MERCHANT'S AND BUILDER'S COM

PANION ; containing New and Copious Tables of the Reduced

Weight and Measurement of Deals and Battens, of all sizes, from

One to a Thousand Pieces, and the relative Price that each size

bears per Lineal Foot to any given Price per Petersburgh Standard

Hundred ; the Price per Cube Foot of Square Timber to any given

Price per Load of 50 Feet ; the proportionate Value of Deals and

Battens by the Standard, to Square Timber by the Load of 50 Feet ;

the readiest mode of ascertaining the Price of Scantling per Lineal

Foot of any size, to any given Figure per Cube Foot. Also a

variety of other valuable information. By William Dowsing,

Timber Merchant. Second Edition. Crown 8vo, 3J. cloth.

" Everything is as concise and clear as it can possibly be made. There can be no

doubt that every timber merchant and builder ought to possess it."—Hull Advertiser.

Timber Freight Book.

THE TIMBER IMPORTERS' AND SHIPOWNERS'

FREIGHT BOOK : Being a Comprehensive Series of Tables for

the Use of Timber Importers, Captains of Ships, Shipbrokers,

Builders, and all Dealers in Wood whatsoever. By William

Richardson, Timber Broker, author of " Packing Case Tables,"

Sec. Crown 8vo, cloth, price 6s.

MECHANICS, &c.
—•—

Hortoris Meastirer.

THE COMPLETE MEASURER ; setting forth the Measure

ment of Boards, Glass, &c, &c. ; Unequal-sided, Square-sided,

Octagonal-sided, Round Timber and Stone, and Standing Timber.

With just allowances for the bark in the respective species of

trees, and proper deductions for the waste in hewing the trees,

&c. ; also a Table showing the solidity of hewn or eight-sided

timber, or of any octagonal-sided column. Compiled for the

accommodation of Timber-growers, Merchants, and Surveyors,

Stonemasons, Architects, and others. By Richard Horton.

Second edition, with considerable and valuable additions, l2mo,

strongly bound in leather, 5J.

" The office of the architect, engineer, building surveyor, or land agent that is

without this excellent and useful work cannot truly be considered perfect in its

furnishing."—Irish Builder.

" We have used the improved and other tables in this volume, and have not

observed any unfairness or inaccuracy."—Builder.

"The tables we have tested are accurate To the builder and estate

agents this work will be most acceptable."—British Architect.

"Not only are the best methods of measurement shown, and in some instances

illustrated by means of woodcuts, but the erroneous systems pursued by dishonest

dealers are fully exposed The work must be considered to be a valuable addi

tion to every gardener's library.—Garden.

Superficial Measurement.

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA

SUREMENT. Tables calculated from 1 to 200 inches in length,

by I to 108 inches in breadth. For the use of Architects, Surveyors,

Engineers, Timber Merchants, Builders, &c. By James Ha'

kings. Fcp. y. 6d. cloth. ^
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Mechanics Workshop Companion.

THE OPERATIVE MECHANIC'S WORKSHOP COM

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC

TICAL ASSISTANT ; comprising a great variety of the most

useful Rules in Mechanical Science ; with numerous Tables of Prac

tical Data and Calculated Results. By W. Templeton, Author

of " The Engineer's, Millwright's, and Machinist's Practical As

sistant." Eleventh Edition, with Mechanical Tables for Operative

Smiths, Millwrights, Engineers, &c. ; together with several Useful

and Practical Rules in Hydraulics and Hydrodynamics, a variety

of Experimental Results, and an Extensive Table of Powers and

Roots. II Plates. i2mo, 5J. bound.

"As a text-book of reference, in which mechanical and commercial demands are
judiciously met, Te.mpleton'sCompanion stands unrivalled."—Mechanics■'Magazine.

" Admirably adapted to the wants of a very large class. It has met with great

success in the engineering workshop, as we can testify ; and there are a great many

men who, in a great measure, owe their rise in life to this little work. "—Building News.

Engineers Assistant.

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S

PRACTICAL ASSISTANT ; comprising a Collection of Useful

Tables, Rules, and Data. Compiled and Arranged, with Original

Matter, by W. Templeton. 5th Edition. i8mo, 2s, 6d. cloth.

" So much varied information compressed into so small a space, and published at a

price which places it within the reach of the humblest mechanic, cannot fail to com

mand the sale which it deserves. With the utmost confidence we commend this book

to the attention of our readers. —Mechanics' Magazine.

" Every mechanic should become the possessor of the volume, and a more suitable

present to an apprentice to any of the mechanical trades could not possibly be made."

—Building flews.

Designing, Measuring, and Valuing.

THE STUDENT'S GUIDE to the PRACTICE of MEA

SURING, andVALUING ARTIFICERS' WORKS; containing

Directions for taking Dimensions, Abstracting the same, and bringing

the Quantities into Bill, with Tables of Constants, and copious

Memoranda for the Valuation of Labour and Materials in the re

spective Trades of Bricklayer and Slater, Carpenter and Joiner,

Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood

cuts. Originally edited by Edward Dobson, Architect. New

Edition, re-written, with Additions on Mensuration and Construc

tion, and useful Tables for facilitating Calculations and Measure

ments. By E. Wyndham Tarn, M.A., 8vo, ioj. 6d. cloth.

1' This useful book should be in every architect's and builder's office. It contains

a vast amount of information absolutely necessary to be known."—The Irish Builder.

" We have failed to discover anything connected with the building trade, from ex

cavating foundations to bell-hanging, that is not fully treated upon in this valuable

work,"—The Artizan.

" Mr. Tarn has well performed the task imposed upon him, and has made many

further and valuable additions, embodying a large amount of information relating to

the technicalities and modes of construction employed in the several branches of the

building trade."—Colliery Guardian.

" Altogether the book is one which well fulfils the promise of its title-page, and we

can thoroughly recommend it to the class for whose use it has been compiled. Mr.

Tarn's additions and revisions have much increased the usefulness of the work and

■ve especially augmented its value to students."—Engineering.
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MATHEMATICS, &c.

Gregory s Practical Mathematics.

MATHEMATICS for PRACTICAL MEN ; being a Common

place Book of Pure and Mixed Mathematics. Designed chiefly

for the Use of Civil Engineers, Architects, and Surveyors. Part I.

Pure Mathematics—comprising Arithmetic, Algebra, Geometry,

Mensuration, Trigonometry, Conic Sections, Properties of Curves.

Part II. Mixed Mathematics—comprising Mechanics in general,

Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,

Mechanical Agents, Strength of Materials. With an Appendix of

copious Logarithmic and other Tables. By Olinthus Gregory,

LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition,

carefully revised and corrected by J. R. Young, formerly Profes

sor of Mathematics, Belfast College; Author of "A Course of

Mathematics," &c. With 13 Plates. Medium 8vo, 1/. is. cloth.

" As a standard work on mathematics it has not been excelled."—Artizan.

" The engineer or architect will here find ready to his hand, rules for solving nearly

every mathematical difficulty that may arise in his practice. As a moderate acquaint

ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the

proper understanding of the most useful portions of this book, the author very wisely

has devoted the first three chapters to those subjects, so that the most ignorant may be

enabled to master the whole of the book, without aid from any other. The rules are in

all cases explained by means of examples, in which every step of the process is clearly

worked out."—Builder.

- ' One of the most serviceable books to the practical mechanics of the country. . .

The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who

revised it thoroughly, re-wrote many chapters, and added several sections to those

which had been rendered imperfect by advanced knowledge. On examining the various

and many improvements which he introduced into the work, they seem• almost likca

new structure on an old plan, or rather like the restoration of an old ruin, not only to

its former substance, but to an extent which meets the larger requirements of m0°ern

times In the editionjust brought out, the work has again been revised by

Professor Voung. He has modernised the notation throughout, introduced a lew

Earagraphs here and there, and corrected the numerous typographical errors whicn

ave escaped the eyes of the former Editor. The book is now as complete as it is

possible to make it We have carried our notice of this book to a greater

length than the space allowed us justified, but the experiments it contains are so

interesting, and the method of describing them so clear, that we may be excused lor

overstepping our limit. It is an instructive book for the student, and a lm-

book for him who having once mastered the subjects it treats of, needs occasionally to

refresh his memory upon them."—Building News.

The Metric System.
A SERIES OF METRIC TABLES, in which the British

Standard Measures and Weights are compared with those of the

Metric System at present in use on the Continent. By C. H.

Dowling, C. E. Second Edition, revised and enlarged. 8vo,

10s. 6d. strongly bound.

" Mr. Dowling"s Tables, which are well put together, come just in time as a ready

reckoner for the conversion of one system into the other."—Athenaum.

" Their accuracy has been certified by Professor Airy, the Astronomer-Royal."—

Builder. ,
"Resolution 8. -That advantage will be derived from the^recent publication of

Metric Tables, by C. H. Dowling, CKr-Refort 0/Section F, British Associate

B*th.
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Inwood's Tables, greatly enlarged and improved.

TABLES FOR THE PURCHASING of ESTATES, Freehold,

Copyhold, or Leasehold ; AnnuHies, Advowsons, &c. , and for the

Renewing of Leases held under Cathedral Churches, Colleges, or

other corporate bodies ; for Terms of Years certain, and for Lives ;

also for Valuing Reversionary Estates, Deferred Annuities, Next

Presentations, &c, together with Smart's Five Tables of Compound

Interest, and an Extension of the same to Lower and Intermediate

Rates. By William Inwood, Architect. The 19th edition, with

considerable additions, and new and valuable Tables of Logarithms

for the more Difficult Computations of the Interest of Money, Dis

count, Annuities, &c, by M. F&dor Thoman, of the Societe

Credit Mobilier of Paris. l2mo, &r. cloth.

*»* This edition (the 19th) differs in many important particulars

fromformer ones. The changes consist, first, in a more convenient

and systematic arrangement oftheoriginal Tables, andin the removal

ofcertain numerical errors which a very careful revision ofthe whole

has enabled the present editor to discover ; and secondly, in the

extension ofpractical utility conferred on the work by the introduction

of Tables now insertedfor the first time. This new and important

matter is all so much actually added to Inwood's Tables ; nothing

has been abstractedfrom the original collection: so that those who have

been long in the habit of consulting Inwood for any specialprofes

sionalpurpose will, as heretofore, find the information sought still in

its pages.

"Those interested in the purchase and sale of estates, and in the adjustment of

compensation cases, as well as in transactions in annuities, life insurances, &c, will

find the present edition of eminent service."—Engineering.

Geometryfor the Architect, Engineer, &c.

PRACTICAL GEOMETRY, for the Architect, Engineer, and

Mechanic ; giving Rules for the Delineation and Application of

various Geometrical Lines, Figures and Curves. By E. W. Tarn,

M.A., Architect, Author of " The Science of Building," &c.

With 164 Illustrations. Demy 8vo. 12s. 6d.

" No book with the same objects in view has ever been published in which the

clearness of the rules laid down and the illustrative diagrams have been so satis

factory."—Scotsman.

Compound Interest and Annuities.

THEORY of COMPOUND INTEREST and ANNUITIES ;

with Tables of Logarithms for the more Difficult Computations of

Interest, Discount, Annuities, &c, in all their Applications and

Uses for Mercantile and State Purposes. With an elaborate Intro

duction. By Fedor Thoman, of the Societe Credit Mobilier,

Paris. l2mo, cloth, 5*.

" A very powerful work, and the Author has a very remarkable command of his

subject."—Professor A. de Morgan.

"We recommend it to the notice of actuaries and accountants."—Athaueum.
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SCIENCE AND ART.

The Military Sciences.

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed

from Contributions of Officers and others connected with the dif

ferent Services. Originally edited by a Committee of the Corps of

Royal Engineers. Second Edition, most carefully revised by an

Officer of the Corps, with many additions ; containing nearly 350

Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra

cloth boards, and lettered, price 4/. ior.

"A compendious encyclopaedia of military knowledge, to which we arc greatly in

debted. "—Edinburgh Review.

1' The most comprehensive work of reference to the military and collateral sciences.

Among the list of contributors, some seventy-seven in number, will be found names of

the highest distinction in the services.-"—VolunteerService Gazette.

Field Fortification.

A TREATISE on FIELD FORTIFICATION, the ATTACK

of FORTRESSES, MILITARY, MINING, and RECON

NOITRING. By Colonel I. S. Macaulay, late Professor of

Fortification in the R. M. A., Woolwich. Sixth Edition, crown

8vo, cloth, with separate Atlas of i2 Plates, price \2s. complete.

Naval Science.

NAVAL SCIENCE; a Quarterly Magazine for Promoting

the Improvement of Naval Architecture, Marine Engineering,

Steam Navigation, Seamanship. Edited by E. J. Reed, C.B.,

M.P., and late Chief Constructor of the Navy, and Joseph

Woolley, M.A., LL.D., F.R.A.S. Copiously illustrated.

Price 2J. (yd. Now ready, Vols. II. & III., each containing 4 Nos.

cloth boards, price \2s. bj. each.

*»* The Contributors include the most Eminent Authorities in the

several branches of the above subjects.

Dye- Wares and Colours.

THE MANUAL of COLOURS and DYE-WARES: their

Properties, Applications, Valuation, Impurities, and Sophistications.

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J.

W. Slater. Post 8vo, cloth, price Js. dd.

"A complete encyclopaedia of the materia tinctoria. The information given

respecting each article is full and precise, and the methods of determining the value

cf articles such as these, so liable to sophistication, are given with clearness, and are

practical as well as valuable."—Chemist and Druggist.

Electricity.

A MANUAL of ELECTRICITY ; including Galvanism, Mag

netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and

the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S.,

Lecturer on Chemistry at St. George's Hospital. Fourth Edition,

entirely rewritten. Illustrated by 500 Woodcuts. 8vo, il. +r. cloth.

" The commendations already bestowed in the pages of the Lancet on the former

editions of this work are more than ever merited by the present. The accounts given.

of electricity and galvanism are not only complete in a scientific sense, but, which is a

rarer thing, are popular and interesting."—Lancet.
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Text-Book of Electricity.

THE STUDENT'S TEXT-BOOK OF ELECTRICITY : in

cluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia-

magnetism, Magneto-Electricity, Thermo-Electricity, and Electric

Telegraphy. Being a Condensed Resume of the Theory and Ap

plication of Electrical Science, including its latest Practical Deve

lopments, particularly as relating to Aerial and Submarine Tele

graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at

St. George's Hospital. Post 8vo, 400 Illustrations, \2s. 6d. cloth.

"We can recommend Dr. Noad's book for clear style, great range of subject, a good

index, and a plethora of woodcuts."—Atheneeum.

" A most elaborate compilation of the facts of electricity and magnetism, and of the

theories which have been advanced concerning them."—Popular Science Review,

" Clear, compendious, compact, well illustrated, and well printed."—Lancet.

" We can strongly recommend the work, as an.admirable text-book, to every student

—beginner or advanced—of electricity."—Engineering.

" Nothing of value has been passed over, and nothing given but what will lead to a

correct, and even an exact, knowledge of the present state of electrical science."—

Mechanics? Magazine.

" We know of no book on electricity containing so much information on experi

mental facts as this does, for the size of it, and no book of any size that contains so

complete a range of facts."—English Mechanic.

Rudimentary Magnetism.

RUDIMENTARY MAGNETISM : being a concise exposition

of the general principles of Magnetical Science, and the purposes

to which it has been applied. By Sir W. Snow Harris, F.R.S.

New and enlarged Edition, with considerable additions by Dr.

NOAD, Ph.D. With i65 Woodcuts. i2mo, cloth, 4s. 6d.

" There is a good index, and this volume of 4i2 pages may be considered the best

possible manual on the subject of magnetism."—Mechanic/ Magazine.

" As concise and lucid an exposition of the phenomena of magnetism as we believe

it is possible to write."—English Mechanic.

" Not only will the scientific student find this volume an invaluable book of refer

ence, but the general reader will find in it as much to interest as to inform his mind.

Though a strictly scientific work, its subject is handled in a simple and readable

style. —Illustrated Review.

Chemical Analysis.

THE COMMERCIAL HANDBOOK of CHEMICAL ANA

LYSIS ; or Practical Instructions for the determination of the In

trinsic or Commercial Value of Substances used in Manufactures,

in Trades, and in the Arts. By A. Normandy, Author of "Prac

tical Introduction to Rose's Chemistry," and Editor of Rose's

" Treatise of Chemical Analysis." New Edition. Enlarged, and

to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S.

With numerous Illustrations. Crown 8vo, I2J. 6d. cloth.

[Just ready.)

" We recommend this book to the careful perusal of every one ; it may be truly

affirmed to be of universal interest, and we strongly recommend it to our readers as a

guide, alike indispensable to the housewife as to the pharmaceutical practitioner."—

Medical Times.

"The very best work on the subject the English press has yet produced."—Me~

chatties' Magazine.
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Clocks, Watches, and Bells.

RUDIMENTARY TREATISE on CLOCKS, WATCHES,

and BELLS. By Sir Edmund Beckett, Bart, (late E. B.

Denison), LL.D., Q.C., F.R.A.S., Authur of " Astronomy with

out Mathematics," &c. Sixth edition, thoroughly revised and

enlarged, with numerous Illustrations. Limp cloth (No. 67,

Weale's Series), 4s. 6d.; cloth boards, 5s. 61f.

" As a popular, and, at the same time, practical treatise on clocks and bells, it is

unapproached. "—English Mechanic.

" The best work on the subject probably extant . . . So far as we know it has

no competitor worthy of the name. The treatise on bells is undoubtedly the best in

the language. It shows that the author has contributed very much to their modern

improvement, if indeed he has not revived this art, which was decaying here . . .

To call it a rudimentary treatise is a misnomer, at least as respects clocks and bells.

It is something more. It is the most important work of its kind in English."—

Engineering.

The only modern treatise on clock-making."—Horological Journal.

"Without haying any special interest in the subject, and even without possessing

any general aptitude for mechanical studies, a reader must be very unintelligent who

cannot find matter to engage his• attention in this work. The little book now

appeais revised and• enlarged, being one of the most praiseworthy volumes in

Weale's admirable scientific and educational series."—Daily Telegraph.

"We do not know whether to wonder most at the extraordinary cheapness of this

admirable treatise on clocks, by the most able authority on such a subject, or the

thorough completeness of his work even to the minutest details. The chapter on bells is

singular and amusing, and will be a real treat even to the uninitiated general reader.

The illustrations, notes, and indices, make the work completely perfect of its kind."—

Standard.

"There is probably no book in the English language on a technical subject so

easy to read, and to read through, as the treatise on clocks, watches and bells,

written byttie eminent Parliamentary Counsel, Mr. E. B. Denison—now Sir Edmund

Beckett, Bart."—Architect.

Science and Scripture.

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT

ANTAGONISTIC TO IT ; being a Series of Essays on-r.

Alleged Discrepancies; 2. The Theory of the Geologists and

Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in

general—Views of Hume and Powell ; 5. The Miracle of Joshua—

Views of Dr. Colenso : The Supernaturally Impossible ; 6. The

Age of the Fixed Stars—their Distances and Masses. By Professor

J. R. Young, Author of "A Course of Elementary Mathematics,"

&c. &c. Fcap. 8vo, price $s. cloth lettered.

" Professor Young's examination of the early verses of Genesis, in connection with

modem scientific hypotheses, is excellent."—English Churchman.

"Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen

logical ability, and by a style peculiarly clear, easy, and energetic."—Nonconformist.

" No one can rise from its perusal without being impressed with a sense of the sin

gular weakness of modern scepticism."—Baptist Magazine.

" A valuable contribution to controversial theological literature."—City Press.

Practical Philosophy.

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev.

John Carr, M.A., late Fellow of Trin. Coll., Cambridge. Second

Edition, 18mo, 5*. cloth.
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Dr. Lardners Museum of Science and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by

Dionysius Lardner, D.C.L., formerly Professor of Natural Phi

losophy and Astronomy in University College, London. Contents :

The Planets ; are they inhabited Worlds ?—Weather Prognostics—

Popular Fallacies in Questions of Physical Science—Latitudes and

Longitudes—Lunar Influences—Meteoric Stones and Shooting

Stars— Railway Accidents — Light—Common Things:—Air—

Locomotion in the United States—Cometary Influences—Common

Things : Water—The Potter's Art—Common Things : Fire—

Locomotion and Transport, their Influence and Progress—The

Moon—Common Things : The Earth—The Electric Telegraph—

Terrestrial Heat—The Sun—Earthquakes and Volcanoes—Baro

meter, Safety Lamp, and Whitworth's Micrometric Apparatus—

Steam—The Steam Engine—The Eye—The Atmosphere—Time

—Common Things : Pumps—Common Things : Spectacles, the

Kaleidoscope—Clocks and Watches—Microscopic Drawing and

Engraving—Locomotive—Thermometer—New Planets : Lever-

rier and Adams's Planet—Magnitude and Minuteness—Common

Things : The Almanack— Optical Images—How to observe the

Heavens—Common Things : the Looking-glass—Stellar Universe

—The Tides — Colour — Common Things : Man — Magnifying

Glasses—Instinct and Intelligence—The Solar Microscope—The

Camera Lucida—The Magic Lantern—The Camera Obscura—

The Microscope—The White Ants : their Manners and Habits—

The Surface of the Earth, or First Notions of Geography^- Science

and Poetry—The Bee — Steam Navigation — Electro-Motive

Power—Thunder, Lightning, and the Aurora Borealis—The

Printing Press—The Crust of the Earth—Comets—The Stereo

scope—The Pre-Adamite Earth—Eclipses—Sound. With up

wards of 1 200 Engravings on Wood. In 6 Double Volumes,

handsomely bound in cloth, gilt, price £1 is.

" The ' Museum of Science and Art ' is the most valuable contribution that has

ever been made to the Scientific Instruction of every class of society."—Sir David

Brewster in the North British Review.

"Whether we consider the liberality and beauty of the illustrations, the charm of

the writing, or the durable interest of the matter, we must express our belief that

there is hardly to be found among the new books, one that would be welcomed by

people of so many ages and classes as a valuable present."—Examiner.

*#* Separate books formedfrom the above, suitable for Workmen's

Libraries, Science Classes, Src.

Common Things Explained. With 233 Illustrations, Si. cloth.

TheElectricTelegraph Popularized. 100Illustrations, is.dd. cloth.

The Microscope. With 147 Illustrations, 2s. cloth.

Popular Geology. With 201 Illustrations, ss. td. cloth.

Popular Physics. With 85 Illustrations. 2s. 6d. cloth.

Popular Astronomy. With 182 Illustrations, 4s. 6d. cloth.

Steam and its Uses. With 89 Illustrations, 2s. cloth.

The Bee and White Ants. With 135 Illustrations, cloth, 2s.
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DR. LARDNER'S SCIENTIFIC HANDBOOKS.

Astronomy.

THE HANDBOOK OF ASTRONOMY. By Dionysius

Lardner, D.C.L., formerly Professor of Natural Philosophy and

Astronomy in University College, London. Third Edition. Re

vised and Edited by Edwin Dunken, F.R.A.S., Superintendent

of the Altazimuth Department, Royal Observatory, Greenwich.

With 37 plates and upwards of 100 Woodcuts. In 1 vol., small

8vo, cloth, 550 pages, price Js. 6d.

" We can cordially recommend it to all those who desire to possess a complete

manual of the science and practice of astronomy."—Astronomical Reporter.

Optics.

THE HANDBOOK OF OPTICS. New Edition. Edited by

T. Olver Harding, B. A. Lond., of University College, London.

With 298 Illustrations. Small 8vo, cloth, 448 pages, price $s.

Electricity.

THE HANDBOOK of ELECTRICITY, MAGNETISM, and

ACOUSTICS. New Edition. Edited by Geo. Carey Foster,

B.A., F.C.S. With 400 Illustrations. Small 8vo, cloth, price 5s.

" The book could not have been entrusted to any one better calculated to preserve

the terse and lucid style of Lardner, while correcting his errors and bringing up his

work to the present state of scientific knowledge."—Popular Science Review.

Mechanics.

THE HANDBOOK OF MECHANICS. [Reprinting.

Hydrostatics.

THE HANDBOOK ofHYDROSTATICS and PNEUMATICS.

New Edition, Revised and Enlarged by Benjamin Loewy,

F.R.A.S. With numerous Illustrations. $s. [Just published.

Heat.

THE HANDBOOK OF HEAT. New Edition, Re-written and

Enlarged. By Benjamin Loewy, F.RA.S. [Preparing.

Animal Physics.

THE HANDBOOK OF ANIMAL PHYSICS. With 520

Illustrations. New edition, small 8vo, cloth, "js. 6d. J32 pages.

[Justpublished.

Electric Telegraph.

THE ELECTRIC TELEGRAPH. New Edition. Revised

and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations.

Small 8vo, is. 6d. cloth.

"One of the most readable books extant on the Electric Telegraph,"—Eng. Mechanic.

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner.

328 Illustrations. Fifth Edition. 1 vol. 3*. 6d. cloth.

"A very convenient class-book for junior students in private schools. It is in

tended to convey, in clear and precise terms, general notions of all the principal

divisions of Physical Science."—British Quarterly Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner.

With 190 Illustrations. Second Edition. 1 vol. 3J. 6d. cloth.

* ' Clearly wriiten,well arranged, and excellently illustrated. "—Gardeners' Chronicle.
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Geology and Genesis Harmonised. ,

THE TWIN RECORDS of CREATION; or, Geology and

Genesis, their Perfect Harmony and Wonderful Concord. By

George W. Victor Le Vaux. With numerous Illustrations.

Fcap. 8vo, price $s. cloth.

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular

appreciation of geological science."—Spectator.

"The author combines an unbounded admiration of science with an unbounded

admiration of the Written Record. The two impulses are balanced to a nicety ; and

the consequence is, that difficulties, which to minds less evenly poised, would be

serious, find immediate solutions of the happiest kinds."—London Revi'w.

" Vigorously written, reverent in spirit, stored with instructive geological facts, and

designed to show that there is no discrepancy or inconsistency between the Word and

the works of the Creator. The future of Nature, in connexion with the glorious destiny

of man, is vividly conceived."—Watchman.

" No real difficulty is shirked, and no sophistry is left unexposed."—The Rock.

Geology, Physical.

PHYSICAL GEOLOGY. (Partly based on Major-General

Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S.,

F.G.S. Numerous Woodcuts. l2mo, 2s. [Ready.

Geology, Historical.

HISTORICAL GEOLOGY. (Partly based on Major-General

Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S.,

F.G.S. Numerous Woodcuts. I2mo, 2s. 6d. [Ready.

** Or Physical and Historical Geology, bound in One

Volume, price $s.

Wood-Carving.

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with

Hints on Design. By A Lady. In emblematic wrapper, hand

somely printed, with Ten large Plates, price 2s. 6d.

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt

from 'A Lady's' publication."—Atheiueum.

" A real practicalguide. It is very complete."—Literary Churchtnan.

" The directions given are plain and easily understood, and it forms a very good

introduction to the practical part of the carver's art."—English Mechanic.

Popular Work on Painting.

PAINTING POPULARLY EXPLAINED; with Historical

Sketches of the Progress of the Art. By Thomas John Gullick,

Painter, and John Timbs, F.S.A. Second Edition, revised and.

enlarged. With Frontispiece and Vignette. In small 8vo, (.s. cloth.

*#* This Work has been adopted as a Prize-book in the Schools "f

Art at South Kensington.

" A work that may be advantageously consulted. Much may be learned, even "by

those who fancy they do not require to be taught, from the careful perusal of this

unpretending but comprehensive treatise."—Art Journal.

A valuable book, which supplies a want. It contains a large amount of origixia.1

matter, agreeably conveyed, and will be found of value, as well by the young artist

seeking information as by the general reader. We give a cordial welcome to the b"ok

and augur for it an increasing reputation."—Builder.

"This volume is one that we can heartily recommend to all who are desirous "f

understanding what they admire in a good painting."—Daily A'ews.



WORKS PUBLISHED BY LOCKWOOD & CO. 29

Delamotte1s Works on Illumination &Alphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the

use of Beginners : with a Rudimentary Treatise on the Art, Prac

tical Directions for its Exercise, and numerous Examples taken

from Illuminated MSS., printed in Gold and Colours. By F. Dela

motte. Small 4to, price gs. Elegantly bound, cloth antique.

" A handy book, beautifully illustrated ; the text of which is well written, and cal

culated to be useful. . . . The examples of ancient MSS. recommended tothe student,

which, with much good sense, the author chooses from collections accessible to all, are

selected with judgment and knowledge, as well as taste."—Atheneeum.

ORNAMENTAL ALPHABETS, ANCIENT and MEDI/EVAL ;

from the Eighth Century, with Numerals ; including Gothic,

Church-Text, large and small, German, Italian, Arabesque, Initials

for Illumination, Monograms, Crosses, &c. &c, for the use of

Architectural and Engineering Draughtsmen, Missal Painters,

Masons, Decorative Painters, Lithographers, Engravers, Carvers,

&c. &c. &c. Collected and engraved by F. Delamotte, and

printed in Colours. Royal 8vo, oblong, price 4s. cloth.

" A well-known engraver and draughtsman has enrolled in this useful book the

result of many years' study and research. For those who insert enamelled sentences

round gilded chalices, who blazon shop legends over shop-doors, who letter church

walls with pithy sentences from the Decalogue, this book will be useful."—Athaueum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA

MENTAL ; including German, Old English, Saxon, Italic, Per

spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan,

Riband, Gothic, Rustic, and Arabesque ; with several Original

Designs, and an Analysis of the Roman and Old English Alpha

bets, large and small, and Numerals, for the use of Draughtsmen,

Surveyors, Masons, Decorative Painters, Lithographers, Engravers,

Carvers, &c Collected and engraved by F. Delamotte, and

printed in Colours. Royal 8vo, oblong, price 4s. cloth.

*- To artists of all classes, but more especially to architects and engravers, this very

handsome book will be invaluable. There is comprised in it every possible shape into

which the letters of the alphabet and numerals can be formed, and the talent which

has been expended m the conception of the various plain and ornamental letters is

wonderful. "—Statidard.

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI

NATORS. By F. Delamotte, Illuminator, Designer, and

Engraver on Wood. Containing 21 Plates, and Illuminated Title,

printed in Gold and Colours. With an Introduction by J. Willis

Brooks. Small 4to, 6s. cloth gilt.

" A volume in which the letters of the alphabet come forth glorified in gilding and

all the colours of the prism interwoven and intertwined and intermingled, sometimes

with a sort of rainbow arabesque. A poem emblazoned in these characters would be

only comparable to one of those delicious love letters symbolized in a bunch of flowers

well s'lected and cleverly arranged."—Sun.

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials,

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias

tical Devices, Mediaeval and Modem Alphabets, and National

Emblems. Collected and engraved by F. Delamotte, and

printed in Colours. Oblong royal 8vo, 2s. 6d. in ornamental boards.
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AGRICULTURE, &c.
—i—

Youatt and Burn's Complete Grazier.

THE COMPLETE GRAZIER, and FARMER'S and CATTLE-

BREEDER'S ASSISTANT. A Compendium of Husbandry.

By William Youatt, Esq., V.S. nth Edition, enlarged by

Robert Scott Burn, Author of "The Lessons of My Farm," &c.

One large 8vo volume, 784 pp. with 215 Illustrations. 1l. is. half-bd.

11 The standard and text-book, with the farmer and grazier."—Farmer's Magazine.

"A valuable repertory of intelligence for all who make agriculture a puisuit, and

especially for those who aim at keeping pace with the improvements of the age."—

Bell's weekly Messenger.

"A treatise which will remain a standard work on the subject as long as British

agriculture endures."—Mark Lane Express.

" One of the best books of reference that can be contained in the agriculturist's

library. The word ' complete ' expresses its character ; since every detail of the

subject finds a place, treated upon, and explained, in a clear, comprehensive, and

practical manner."—Magnet.

Spooner on Sheep.

SHEEP; THE HISTORY, STRUCTURE, ECONOMY,

AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c.

Third Edition, considerably enlarged ; with numerous fine engra

vings, including some specimens of New and Improved Breeds.

Fcp. 8vo. 366 pp. , price 6s. cloth. (Just published. )

" The book is decidedly the best of the kind in our language."—Scotsman.

" A reliable text-book."—Stamford Mercury.

" Mr. Spooner has conferred upon the agricultural class a lasting benefit by em

bodying in this work the improvements made in sheep stock by such men as

Humphreys, Rawlence, Howard, and others."—Hampshire Advertiser.

" The work should be in possession of every flock-master."—Banbury Guardian.

"We can confidently recommend the work as useful and reliable, and of much

practical utility to the class for whom it is intended.''—Salisbury and Winchester

Journal.

" Mr. Spooner has conferred a boon on agriculturists generally, and the farmer's

library will be incomplete which does not include so admirable a guide to a very

important branch of the business."—Dorset County Chronicle.

Scott Burn's System of Modern Farming.

OUTLINE OF MODERN FARMING. By R. Scott Burn.

Soils, Manures, and Crops—Farming and Farming Economy,

Historical and Practical—Cattle, Sheep, and Horses—Management

of the Dairy, Pigs, and Poultry, with Notes on the Diseases of

Stock—Utilisation of Town-Sewage, Irrigation, and Reclamation

of Waste Land. New Edition. In 1 vol. 1250 pp., half-bound,

profusely Illustrated, price I2i.

" There is sufficient stated within the limits of this treatise to prevent a farmer

from going far wrong in any of his operations. . . . The author has had great

personal experience, and his opinions are entitled to every respect."—Observer.

Morton's Underwood and Woodland Tables.

TABLES FOR PLANTING AND VALUING UNDER

WOOD AND WOODLAND ; also Lineal, Superficial, Cubical,

Wages, Marketing, and Decimal Tables. Together with Tables

for Converting Land-measure from one denomination to another,

and instructions for Measuring Round Timber. By RICHARD

Horton. l2mo. is. strongly bound in leather.
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Eivarfs Land Improvers' Pocket-Book.

THE LAND IMPROVERS' POCKET-BOOK OF FOR

MULAE, TABLES, and MEMORANDA, required in any Com

putation relating to the Permanent Improvement of Landed Pro

perty. By John Ewart, Land Surveyor and Agricultural Engineer.

Royal 32mo, oblong, leather, gilt edges, with elastic band, 4?.

" A compendium long required by land surveyors, agricultural engineers, &c."—

Sussex Daily News.

" It is admirably calculated to serve the purpose for which it was intended."—

Scotsman.

" A compendious and handy little volume . . . admirably arranged, and can

hardly fail to prove exceedingly useful to the class of professional men for whom it

is intended."—Spectator.

" Contains in a condensed form the essence of many a treatise, and will be found

of much service to the land agent and measurer."—Newcastle Daily Journal.

" Is a marvel of industrious compilation, containing everything requisite for com

putations relating to the permanent improvement of landed property ; it is a perfect

vade-mecum for a surveyor."—John Bull.

Hudson's Tablesfor Land Valuers.

THE LAND VALUER'S BEST ASSISTANT: being Tables,

on a very much improved Plan, for Calculating the Value of

Estates. To which are added, Tables for reducing Scotch, Irish,

and Provincial Customary Acres to Statute Measure ; also, Tables

of Square Measure, and of the various Dimensions of an Acre in

Perches and Yards, by which the Contents of any Plot of Ground

may be ascertained without the expense of a regular Survey ; &c.

By R. Hudson, C.E. New Edition, royal 32mo. oblong, leather,

gilt edges, with elastic band, 4s.

" This new edition includes tables for ascertaining the value of leases for any term

of years ; and for showing how to lay out plots of ground of certain acres in forms,

square, round, &c., with valuable rules for ascertaining the probable worth of standing

timber to any amount ; and is of incalculable value to the country gentleman and pro

fessional man."—Farmer's Journal.

Complete Agricultural Surveyors' Pocket-Book.

THE LAND VALUER'S AND LAND IMPROVER'S COM

PLETE POCKET-BOOK ; consisting of the above two works

bound together, leather, gilt edges, with strap, Js. 6d.

I^y The aboveforms an unequalled and most compendious Pocket

Vade-mecum for the Land Agent and Agricultural Engineer.

" We consider Hudson's book to be the best ready-reckoner on matters relating to

the valuation of land and crops we have ever seen, and its combination with Mr.

Ewart's work greatly enhances the value and usefulness of the latter-mentioned . .

It. is most useful as a manual for reference to those for whom it is intended."—

North of England Farmer.

Scott Burn's Introduction to Farming.

THE LESSONS of MY FARM : a Book for Amateur Agricul

turists, being an Introduction to Farm Practice, in the Culture of

Crops, the Feeding of Cattle, Management of the Dairy, Poultry,

and Pigs, and in the Keeping of Farm-work Records. By Robert

Scott Burn. With numerous Illustrations. Fcp. 6s. cloth.

"A most complete introduction to the whole round of farmir? practice."—Jc

Bull.
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"A Complete Epitome of the Laws of this

Country."

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin

ciples of Law and Equity. By A Barrister. i2th Edition,

carefully revised, including a Summary of The Building Societies

Act, The Infants' Relief Act, The Married Women's Property Act,

The Real Property Limitation Act, The Betting Act, The Hosiery

Manufacture Act, a Summary of the Supreme Court of Judicature

Act, &c., &c. With Notes and References to the Authorities.

i 2ino, price 6s. &d. (saved at every consultation), strongly bound.

COMPRISING THE LAWS OF

Bankruptcy—Bills of Exchange—Contracts and Agreements—Copyright

—Dower and Divorce—Elections and Registration—Insurance—Libel

and Slander—Mortgages— Settlements— Stock Exchange Practice—

Trade Marks and Patents—Trespass, Nuisances, etc.—Transfer of

Land, etc.—Warranty—Wills and Agreements, etc. Also Law for

Landlord and Tenant—Master and Servant—Workmen and Apprentices—Heirs,

Devisees, and Legatees—Husband and Wife—Executors and Trustees—Guardian

and Ward—Married Women and Infants—Partners and Agents—Lender and

Borrower—Debtor and Creditor—Purchaser and Vendor—Companies and Asso

ciations—Friendly Societies—Clergymen, Churchwardens—Medical Practitioners,

&c.—Bankers—Farmers—Contractors—Stock and Share Brokers—Sportsmen

and Gamekeepers—Farriers and Horse-Dealers—Auctioneers, House-Agents—

Innkeepers, &c.—Pawnbrokers—Surveyors—Railways and Carriers, &c. «c.

" No Englishman ought to be without this booh."—Engineer.

" It is a complete code of English Law, written in plain language which all can

understand . . . should be in the hands of every business man, and all who wish to

abolish lawyers' bills."—Weekly Times.

" A useful and concise epitome of the law."—Law Magazine.

" What it professes to be—a complete epitome of the laws of this country, thoroughly

intelligible to non-professional readers."—Bell's Life.

Auctioneer's Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE

AND ESTATE AGENT, AND VALUER'S POCKET AS

SISTANT, for the Valuation for Purchase, Sale, or Renewal of

Leases, Annuities, and Reversions, and of property generally;

with Prices for Inventories, &c. By John Wheeler, Valuer, &c.

Third Edition, enlarged, by C. Norris. Royal 32mo, cloth, 5J.

" A neat and concise book of reference, containing an admirable and clearly-

arranged list of prices for inventories, and a very practical guide to determine the

value of furniture, &c."—Standard.

Pawnbrokers' Legal Guide.

THE PAWNBROKERS', FACTORS', and MERCHANTS'

GUIDE to the LAW of LOANS and PLEDGES. With the

Statutes and a Digest of Cases on Rights and Liabilities, Civil and

Criminal, as to Loans and Pledges of Goods, Debentures, Mercan

tile, and other Securities. By H. C. Folkard, Esq., of Lincoln's

Inn, Barrister-at-Law, Author of the " Law of Slander and Libel,"

&c. i2mo, cloth boards, price 7J.

The Laws of Mines and Mining Companies.

A PRACTICAL TREATISE on the LAW RELATING to

MINES and MINING COMPANIES. By Whitton Arun-

dell, Attorney-at-Law. Crown 8vo. qs- cloth.

Biudburr, Ajmew, * Co., Printer*, "Whitcfriars, London.
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A SELECTION FROM WEALE'S SEEIES.

MECHANICAL ENGINEERING, &c.

MECHANICS, Rudimentary Treatise on ; being a con

cise Exposition of the General Principles of Mechanical Science,

and their Applications. By C. Tomlinson. Illustrated. Is. 6d.

PNEUMATICS, for the Use of Beginners. By Charles

Tomlinson. Illustrated. Is. 6d.

CRANES, the Construction of, and other Machinery for

Raising Heavy Bodies for the Erection of Buildings, and for

Hoisting Goods. By Joseph Glynn, P.B.S., &c.lllustrated. Is. 6d. |

THE STEAM ENGINE, a Eudimentary Treatise on.

By Dr. Lardner. Illustrated. Is.

THE STEAM ENGINE, a Treatise on the Mathe

matical Theory of, with Rules at length, and Examples for the use I

id.of Practical Men. Illustrated. Is.By T. Baker, C.E.

STEAM BOILERS: their Construction and Manage

ment. By R. Armstrong, C.E. Illustrated. Is. 6d.

AGRICULTURAL ENGINEERING: Farm Build- 1

ings, Motive Power, Field Machines, Machinery, and Implements.

By G. H. Andrews, C.E. Hlustrated. 3s.

CLOCKS, WATCHES, AND BELLS. By Sir Edmund

Beckett (late E. B. Denison, LL.D., &c. &c.) A New Edition,

revised, with several additional Illustrations, 4s. 6d. [Heady.

THE ECONOMY OF FUEL, particularly with refer

ence to Reverheratory Furnaces for the Manufacture of Iron,

and to Steam Boilers. By T. Symes Prideaux. Is. 6d.

MARINE ENGINES AND STEAM VESSELS, aj

Trealise on. Together with Practical Remarks on the Screw and I

Propelling Power, as used in the Royal and Merchant Navy. By I

Robert Murray, C.E., Engineer-Surveyor to the Board of Trade. '

j;Vj. Fifth Edition, revised and enlarged. Illustrated. 3s.

=£ THE POWER' OF WATER, as applied to drive Flour j

It Mills, and to give motion to Turbines and other Hydrostatic!

.S. Engines. By J. Glynn, F.R.S., &c. New Edition, Illustrated. 2s. I

-,t STATICS AND DYNAMICS, the Principles and Prac-J

tice of ; embracing a clear development of Hydrostatics, Hydro

dynamics, and Pneumatics, with Central Forces and Super- 1

Elevation of Exterior Rail. By T. Baker, C.E. Is. 6d.

SWORDS, AND OTHER ARMS used for Cutting and]

Thrusting, Memoir on. By Colonel Marey. Translated byl

Colonel H. H. Maxwell. With Notes and Plates. Is.

LOCKWOOD & CO., 7, STATIONERS' HAH COURT, E.C.
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of the Construction and on the Working of. By C. D. Abel,

C.E. Is. 6d.

THE COMBUSTION OF COAL AND THE PRE

VENTION OF SMOKE, Chemically and Practically Considered

With an Appendix. By C. Wye Williams, A.I.C.E. Plates. 3s

THE ENGINEER'S GUIDE TO THE ROYAI

AND MERCANTILE NAVIES. By a Practical Enginebb

Carefully examined and revised by D. F. M.Carthy. 3s.

THE BRASS FOUNDER'S MANUAL; Instruction:

for Modelling, Pattern-Making, Mounting, Alloying, Turning

Burnishing, Bronzing, &c. With numerous Tables and Note

on Prime Costs and Estimates. By W. Graham. Illustrated

2s. 6d.

MODERN WORKSHOP PRACTICE as applied ti

Marine, Land, and Locomotive Engines, Floating Docks

Bridges, Cranes, Ship-building, &c. By J. G. W1nton. Illup

trated. 3s.

IRON AND HEAT, exhibiting the Principles cone

in the Construction of Iron Beams, Pillars, and Bridge '

and the Action of Heat in the Smelting Furnac'

Armour, C.E. With numerous Illustrations. 2s. 6d

POWER IN MOTION: Horse-power, Mo>

Wheel Gearing, Long and Short Driving Band

By J. Armour, C.E. With 73 Diagrams.

THE APPLICATION OF IROl

STRUCTION OF BRIDGES, Gil

OTHER WORKS. By Francis Ca

Illustrations. 2s.

MINING TOOLS.

Agents, Students, &o.

of Mines. 12mo. 2s.

235 Illustrations. 4to.
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DRA WING. By J,
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