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P R E F A e E.

THE Author of the following Essay and Treatises begs it to

be remarked that they have been written sequently as they

appear; and as the composition has been spread over more

than three years, and the continued research and study which

the subject demanded have been followed by new ideas on

some matters, and perhaps better information on others, dis-

crepancies may occur between the earlier and the later por-

tions of the work. These, however, can be but slight, and

need not detract in any degree from the usefulness of the work

if it be taken as a whol~,-greater weight being always given to

a later than to an earlier expression of opinión when any dif-

ference may appear, or be found, to existo

The Author claims for himself originality in the suggestion

of groining a bridge arch, or of -carrying a groining through the

length of a series of arches, and which he believes may be-

come of great importance in the composition of bridges ;-he

beJieves himself entitled also to whatever credit may be due for

suggesting and showing in what manner a bridge may be further

improved and economized by placing the parapets upon a cor-

belled cornice, and generally for the evidence he has produced

to show that piers may be greatly reduced in thickness and the

bays extended, without detracting from the sufficient, or from

even the apparent, strength of such a work as a bridge.

The Author desires it to be understood,. however, that he

c1aims no credit, and acknowledges no responsibility, for any

thing in the present -publication, or in the engraved drawings
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of various bridges attached to it, but what is contained in the

immediately preceding Preliminary Essay, and Practical and

Architectural Treatises, with their wood-cut illustrations, and

the illustrations contained in the Plates numbered 88/ 19, and

39, these being respectively Perronet's design for bridges at

Melun,-longitudinal sections of the riv,er under the central

arch of Old London Bridge, from Smeaton,-and the central

arch of London Bridge, as it is, and arranged to show the

longitudinal central groining and corbelled parapet cornice,

suggested in, the text, applied iri such a work.

The Author would beg to state further that the delays in the

production and publication of the parts of whiQh this -volume

is made up are wholly attributable to him, and not in any way

to the Publisher, whose patience has often been wearied past

endurance by the .enforced procrastinations of the Au'thor, who

has been able to devote to the work only such time as he

could spare, and that often occurring at long intervals, from

the more active duties of professionallife.

W ILLIAM HOSKING.

London, October, 18.;12.

1 It will be observed that the numbers of the Plates have in some few instances

been altered.



PRELIMINARY ESSAY.

A BRIDGE is a constructed platform supported at in-

tervals, 01'at remote points, for the purpose of a Toad-way

over a strait, an inlet 01' arm oí the sea, a river 01' other

stream oí water, a canal, a valley 01' other depression, and

aver another road, and is distinguished írom a causeway,

01' embanked 01' other continuously supported road-way,

and írom a ~aft, by beiríg so borne at intervals, 01' at re-

mote points. Constructions of the nature and general

form and arrangement of bridges, such as aqueducts and .

viaducts,-the former being to lead 01' carry streams of

water 01' canals, a:nd the latter to carry roads 01' rail-

ways upon tbe same 01' nearly the same level over de-

pressions,-are in practice considered as bridges, although

they are not such in the commonly received sense of

the termo Taken, however, in the sense which the most

plausible etymology that has been suggested oí the

term 1 would require,-the word bridge being formed by

1 "Skinner's conjecture, that the final part of the word, sc. rige, is
the Anglo-Saxon rige, hricg, a ridge,-appears worthy of notice. It

VOL. IL B



2 PRELIMINARY ESSAY.

prefixing the constructive be to ridge,-a bridge is an

elevated construction upon 01' over a depression and

between depressed points. The bridge of the middle

ages, 01' of the period when the term bridge was formed

to indica te the object, was indeed what the term appears

to indicate, a constructed ridge. Arched in one span,

01'with the effect of an arch of one span,-the outer arch
including a series of arches, of sizes adapted to fill it, 01'
to produce its form,-the old bridge of the European
nations, from the decadence of the Roman empire nearly

until the present time, springs from the low margins of a
stream, and rises to a high summit over it; fully jus-
tifying the term applied 1:0designáte it as an object; and

that term change and custóm have made applicable to
, objects of various form, proportion, mode of arrangement

and construction, but serving the same purpose and

answering the same end.

These remarks are with reference to the English term
. bridge; but what we so designate was made and used, in

some form 01' other, ages before thepeculiar construction

alluded to had given rise to that 01' to any other now

existing term.,

Etymological and antiquarian

searches are not to the purpose

speculations and . re-
of the present work,

accounts fór the application of the word to the bridge of the nose, and
to the bridge of a violin. In Anglo-Saxon we find hricg, bricg,. in

Swedish, rygg, brygga; in German, ruck, bruck; in Dutch, rugge,
brugge; in English, ridge, bridge. The common prefix be supplies the

only difference between the two words in each language."-Encyclo-

pr.edia Metropolitana, Art. BRIDGE.
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further than may be necessary tb make the terms applied
clearly,intelligible, and to develope the practice of bridge-

building in all cases whi<;h may tend to elicit the best
mode or modes of practice to attain any particular end.
Whether the r¡cpvpa oí the Greeks, or the Pons oí the
Latins, had any more definite application to the bridge, or

mode oí constructing bridges, oí the Greeks and Romans
respectively, than the English word BRIDGEhas to the
varieties oí composition and construction that the present

practice oí bridge-building involves, it would be irrelevant

to inquire, andimpossible to determine. If pons be de-
rived írom p'endeo, to hang. in the air, it may be held to

intimate that the Romans made suspension bridges, and

probably with tendrils, or' thongs, before they acquired

the art ofbuilding' such structures as the bridges which
remain to the present day, oí their work. If, however,

,

pons be írompono, to plac~ or lay down, itmay be that
the stepping-stones oí a brook gave origin to the term,

since . applied, in the sense of the English term bridge,
to the magnificent works which still attest the power
and give evidence to the skill oí the extraordinary people

who constructed them. The Greek term may, in like
manner, be tortured into'presumed components, to show

why and húw it applies as a term to what we designate a
bridge, although lexicographers treat rÉcpvpaas a pri-

mitive word; but no useíul end woúld be answered by

pursuing such speculations further in this place.

A bridge, taken as a word and not as a mere term, is

simply and substantively a thing, by which a difficuIty
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máy be surmounted arid got over, and the works which

we term bridges are physical constructions, artfully con~

trived for getting over physi~al obstructions, or diffi-

culties ora certain kind; the difficulties themselves being,

~n a great number of cases, onlyas it regards peculiar
conveniences, or arising from the useof artifices which
require peculiar facilities to make them available. A

streamlet, that may hardly be called a brook, beingin a
gully over which aman may step, stops the wayto a
carriage upon wheels, and thereby impedes the progress

of the explorer, or of the migrating colonist with his bul-

Iock-waggon, and intercepts the march ,of an army with

its artillery. The .rude temporary bridge which may
give the means of overcoming the difficulties interposed

by a brook to such parties as those supposed, and who

require it but for the occasion, is found insufficient when

the settler has to take the productions of his farm, or
of.his flocks and herds, to market by the same route, or

~hen the' country on both sides has become subject to the
same military command. Permanence has then become

essential to the value of the bridge, as a means of over-

coming the difficulty occasioned by the brook; ?ut cOrn-
merce requires that facility of ,approach and passage shall
be added to permanence, and joins with luxury and
refinement in demanding also that to. these shall be
superadded beauty of material and elegance of designo

To pursue this case further ;-cornrnerée and its con-

comitants may be supposed to have refused to remain

satisfied with the bridge by which the brook is passed



PRELIMINARY ESSAY. 5

over, though it combinecomparative ease of approach

with convenience of passage and agreeableness of design,
and to demand that the whole depression or valley shall
be obliterated in its effect upon the road, by a bridge
from one summit to theother; so that commerce may
carry on its business, and luxury pursue its pleasures, at

the speed of a bird in the aire
In like, manner it is required, that in addition to

facility oí passage over and upon a bridge, there shall

be facility of passage under it; and not for the stream

merely, but also for the commerce of men and merchan-

dise which are borne along upon the waters. Bridges

are made to obviate this difficulty, and the social and

commercial intercourse of communities and nations pass
along at the same time and with equal facility and con-

venience, in th~irdifferent modes, upon the waters of a

river, strait, 01' estuary, as the case may be, and upon

the road which a bridge carries over it.

Sucl1 speculations as the foregoing might be extended
almost indefinitely; but it may be enough to have called
attention to this consideration, that a bridge is not of

one particular form, size, proportion, material, mode of
construction, arrangement, 01' design, but tbat it is such

as circumstances require it to be. It may therefore be
desirable to point out generally the circumstances that

arise in which a bridge becomes necessary, 01' may be
required, before enterin~ upon the modes of answering the
demand, and meeting the various exigencies that will arise.

The first and most obvious circumstance that dictates

the necessity of a bridge is the occurrence of a stream 01'
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body of water in thé lineofagreiÜ public road; such

obstruction to the continuity of a road being otherwise

either physically, politically, or economically.impassabl~:

though, indeed, it is oí frequent occurrencé that when

the necessity exists,other contingent circumstances make

it similarly impracticable to construct .a.. bridge. A

torrent may be so spread upana wide flat bed as to be
easily, fordable; but if it be confinedwithin a deep

ravine or gully it may he called physically impracticable
for a road without a bridge; as a river, estuary,strait,

or arm of the sea, being wide andhaving low bétnks, Jnéty

be both politically and economically impracticable for an
erected bridge, where the navigation for vesséls with

10ftY rigging is to be kept free: whilst it may be eco-

nomically practicable by means of apassage raftor
punt, or as such a contrivance is commonly called, in-

the more general sense of the term bridge, ~ floating
bridge. Floating bridges or ferries will indeed be often

found sufficientJor the demand of a partiGplar .li:ne of
road where no political obstruction exists to the erectiQn
of a bridge to carry the roa.d over; thewidth of the
passage being supposed so great as to .make the latter

economically difficult,' if not impracticable. It mustnot

be overlooked, however, that the use of a road lS greatly

affected bythe facilities which it prese:nts to the traveUer;
and the fact that afloating bridge or ferry is ,nQt fully
employed, affords noproof that the public service does

not require that the road should be made continuous .by

the erection of a bridge,even when the ferry appears to

be more than enough for the demando
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The necessity of keeping the navigation of a river or

other water-way open for loftily rigged sea-going vessels
may be sufficient to prohibit the erection of a bridge
where it would be otherwise highly desirable. The great
mail-road from the metropolis through Bristol into South
Wales is intercepted by the Severn; the river being.
wide, its banks low, the water sufficient for marine navi-

gation, and the trade of the country requiring that its
course should remain open for that purpose, the erection
of a bridge is almost absolutely prohibited, 'aS.-none

could be built but in such manner and at such cost as

to make it economically impracticable.

High banks and the comparative narrowness of the

channel, in both cases, rendered it practicable in every

point of view to pass a road over the Wear at Bishops'

Wearmouth, by Sunderland, without inÚ~rcépting the

navigation of the river; and, in like manner, the Straits
of the Menai are passed over by the great Holyhead road
without impeding the passage of ships through the Straits.

Bridges are, indeed, as various as the circumstances
that demand them, and under which they are executed.
There are large classes of works, however, answeririg

for and bearing the name of bridges, that must be
excluded from a treatise like the present, which is
limited to the arts of designing andexecuting per...
manent constructed erections as bridges. Bridges on

boats or on rafts, as ferry bridges and works of that

class, require to be separately treated of, whilst the

various expedients used by the military engineer for

facilitating the passage of troops with theirbaggage and
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the materlals of war across rivers, or other obstructions

of the same kind, must continue to form a separate

study; for the. more common want is that which
.
it is

desired here to supply.

Constructed erections as bridg~s are formed of various

materials; and these are, for the m?,st pa'rt, timber,-the
practice of combining which is known as carpentry;
stone,-the working and setting of which, or rather the

resÚlt oí the working and setting 'stone in construction,
is called masonry; 2 brick,-which is knowIl in com-

position as brick-work; and iron,-which is prepared by

the founder, and fitted andfixed by the smith, the result

of their joint labours being designated simply, iron-work.

Although a bridge may be built almost entirely of
timber, as indeed bridges often are built,-except as to

the smith's work in the form of shoes, rings, hoops,

straps, bolts, nuts, washers, screws, spike and other nails,

which the carpenter finds essential to the proper and

efficient combination of his principal material,-the best
timber bridges are those in which solidity and evenness

of pressure, with power of resistance and retention, are

2 It is desirable in matters relating lo building, as well as in

most others, that. terms should be exclusively applied to what they

best define, describe, or intend. . Masonry, taken as it. is commonly
defined, "ars cfEmentaria," must include building with bricks,as well

as working and building with stone, or their results in execution; but

this extensive application oí the term is inconvenient, and it will be
restricted in this treatise to what is best understood by it,-cemented,

constructions oí the natural substances known as stone,-whilst brick.

work will be used to describe cemented constructions of the artificial

material, brick.
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given by piers and abutments of masonry or brick-:work ;
and, in like manner, what is called an iron bridge may

be said to require that its piers and abutments, or other
points of support, shall be of masonry, or of a com-

bination of mason's work and brick-work. Bridges are
built, and in some cases most efficiently so, of brick-

work alone; but, thata brick bridge may be durable
and sightly, it is almost always necessary, and it is always
desirable, thatsome of the more exposed parts should be

of stone. Masonry may stand alone in thecomposition of

a bridge, but neither brick-work nor masonry alone, nor

the two in combination, can be made to effect such objects

as may be attained by the aid of the iron-founder and
smith, and, indeed, of the carpenter with his timber.

Circumstances will, however, and they frequently do,
dictate the material of which a bridge shall be built.

The locality will often point out the material by fur-

nishing one particular kind and denying others, and the

use of that kind economy will very generally impose,
unless, indeed, the end to be answered cannot be attained

without the aid of some other.

Of all the materials used far bridge-building, timber is

the most extensively and variously available; it is the

material with which most can be effected at the smallest

cost, except in very extraordinary localities and under

suchpeculiar circumstances that the exceptions need

hardly be taken into account here. Besides being itself

directly applicable as a material for bridge-building, it is

almost absolutely essentialas an auxiliary in erecting a

bridge of any magnitude with othermaterials, so that
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wherever a bridge may be built of masonry 01' brick-
work, according to theordinarypractice in making such

constructions, .a bridge might be.made of t~e timber ne-

cessary to assist iri executing the work with brick 01'stone.

Timber is, .nevertheless, themost liable, ofall the
materials named, to. destruction from natural decay, and .

it is moreexposed than stone, brick, 01' iron, to -injury
fram accidentand from incendiarism. Besides the lia-
bility of timber toearly decay when exposed to the
weatherand to alternations of wet and dry, it is also

subject to change in its.bulk; i:p. thefirst instance in
becomingseasoned, 01' as the natural moisture of vege-

tation dries out, and constantly swelling 01' shrinking
afterwards, as it becomes wet 01' dry, until decay shall

have destroyed its absorbent powers. Changes in bulk
occasionchanges in the form of the work composed of a

material subject to such incidents, and a timber bridge

is therefore exposed to comparatively early destruction
frOIDthat cause alone.

These .remarks apply to timber generally; but it is

certain that some sorts are less obnoxious to the ob-

jections stated to its use, as a materialcomponent of

a bridge, than others are; and JP.oreover,expedients

are resorted to for the pul'pose of protecting timbel'
from some of the causes of decay, and in so fal' making
it less objectionable, whilst modes of combining timber
which shall make it less liable to be affected by hygro-

metric changes, and modes of composing timber bridge
constructions to afford the work pl'otection from the

weather, have been proposed, and as the ends to be
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answered ;;tre important, such proposals deserve to be
fully considered.

Iron, as the mainconstituentof a bridge, possesses
many valuablequalities ;---;its .tenacity and power of. re-
sistance in acomparatively small body allow of the
construction ofworks, and the productionof effects with
it, which are impracticable and unattainable. with any

other, availablematerial. But the good qualities of iron
as the main constituent ;oí a constructed bridge, are

much affected by the changes which take place in its
bulk upon theaccess and abstraction of heat, together

with itssusceptibility tochemical changes,. and by the
most 9rdinaryagents. -It.is thus .more unstable in

framing, and more actively injurious to what itmay

thrust against and becorinected with, ihan timber, whilst

its substance wastes away by 9xidatiol1, or it becomes
changed by other . processes ¡nto .what is incapable of

performing ihe dllties that h~dbeen intrusted to the

unimpaired iron. .

Exposed as. the principal parts of a bridge must be
to meteoric influences, it will, perhaps, be found im-
possible to obviate altogether the injurious .effects of the
changes in bulk, or of theexpansion and contraction

of iron when used in large ribs, braces, and beams; but

they may be counteracted in.a great degree by judicious
arrangements )n. framingand combining theparts of an

erection of the kind alluded to. Iron .may alsobepro-

tected to someextentfrom the canker of oxidationby
simple and renewableprocesses; andexperience and ob-

servation have taught liS to avoid bringing iron into'
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. contact with those infiuences which have appeared to

operate injuriously upon it.

As an auxiliary in bridge-buílding, i!,on is second in

value to timber alone; and indeed timber and iron may

be caBed co-essential auxiliaries, although, neither may

enter into the composition oÍ' a structure. Still there

are but few works of magnitude and importancé into
which both timber and iron do not, almost of necessity,

enter ; but their introduction and application in such
cases as are alluded to, demand the greatest prudence
and foresight, that their inherent defects may be pre-
vented from coming into injurious operation, and that

their valuable qualities may be properly educed and

applied. .

. Stone is, however, pre-eminently the bridge-builder's

material. The carpenter can supply the want of a

bridge in a comparatively short time, and, in most cases,

at a' small cost; and the smith and founder will, with
moderate assistance froID the mason orbrick!ayer, effect

what cannot be donewith stone, and will, in Borne cases,
supply theplace of stone with iron where stone might be
used; but grandeur of effect, power of resistance, and
eternity of endurance, are to be sought in masonry, in

the mason's art, and with the rnason's material.
The qualities which rnake stone so peculiarly fit for

thepurposes of the bridge-builderare, its incompres-

sibility and infiexibility,-which may together be ex-
pressed by the one word unyieldingness,-its massiveness,

or the circuIDstance of its being obtainable in blocks or
piecesof large size, and its plastic virtue, or its capability
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of being cut or wrought tO any form, size, or figure,
together with its retentiveness of the form given to it.

A further excellence in stone as a material for permanent
constructions, and especially for bridges, is .its almóst
entire freedom fram tendency to change in bulk through
meteoric influences, and more particularly [rom ihe pre-

sence or absenceof moisture or of heat. Indeed, the

substance of the sorts of stone fittest for bridge~building

is almost inaccessible to moisture, or rathe¡ the stone is

good in the ratio of its inaccessibility to such agent,

whilst the expansion and contractionof stone [rom the
, ,

access or egress of heat are so ,small as to havebeen

considered, ti11very lately, quite inappreciable; but in so

far ás the susceptibility is appreciable, it is a defect.3
We know of and possessnothing, however,as a ma-

terial for,massive perinanent constructions, and fitted

for bridge-building particularly, so free from liability to
change in -bulk, from any natural influence,. as stone;

and nothing, therefore, considering its other qualities as

essentials, so well adapted for the main constituent of

a bridge.

The practical inelasticity of stone, which prevents it

3 Mr. Rennie, a son oí the eIIlinent Engineer-Architect oí Waterloo
Bridge, has reIIlarked that the heading joints oí the coping course oí

the parapets,over the haunches oí every arch oí that bridge iridicate,
by alternately opening and shutting in winter and summer,' the access

or abstraction oí heat in the mas s oí the structure oí thearches.
Proíessor Mahan, oí the Military Academy oí the United States oí
America, intimates ihat the infiuence oí heat upon st<;mein producing

the effects alluded to, had been remarked by Proíessor Bartlett, oí

the same establishment.
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from . beingdisturbed by concussions; is also to be cited
in its favour for the purpose alluded' to, but. with that

it possessesnaquality which limits its availabilityin some

important particulars. Being readily' frangible; stone
can only be used~nd appliedwhere it 'shaUnot be sub-

jected to ,transverse strain. It is .unfit therefore for

beams
'"

or to bear across over a void,and"'especially
where the situationor service exposesit tú .'. disturbance
fromconcu.ssjons, unless it be withabulkaltogether dis-
proportioned to the lengthborne over ; but itshouldbe
understood and received as a principIe, that the quality or

characteristic referred to rendersstoneunfit to be trusted
with"a. transverse strain under any circumstances.

The inelasticity and frangibility of stone altogether

prevent thecombinatioáofpartsby framing,- aSlIlaY be

done with timberand iron, so as to give greater strength
orpower of resistance to parts' than was possessed by
thewhole.

"

A stone' may indeed' be made to carry a
greater.weight across oroveravoid whencut up into
pieces oí certain forms, ifpeculiarly arranged, as in an
arch, ihan it might be trusted with or would car~y across

the same span in the forni"of abeam;()r lintel; but the

parts so arranged would require the restraint of an ex-

traneous tie, or a loading of the abutments andhaunches,
which were not necessary to the level bearing across, and
which a susceptibility of being framed, or rather of

acting with effect. as framing, would have obviated.

The foregoing remarks apply to stone generically; but

although the qualities mentioned are those which ~ake

stone pre-eminently the material for permanent erections
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of the nature of bridges, there are others which are es-
sential to render any sorLof stop.e properly fit foruse in
the construction oí a bridge, and others again which are
necessary to render a sort economically or otherwise

available. These, as well as thesorts of work, or modes

of applying sto~e in construction, will be discussed in
connexion with the subject of masonry as applied in
bridge constructions.

Brick, for the purposes ofbridge-building, can only be

considered as a substitute for stone, and. willbe used

only ..whenand where stone of proper quality is either
physically. or economically unattainable. Brick; like

stone, is incompressibleand.intlexible, but it is prepared,

almost of necessity, in small, regular, and equal forms,
and theseare incapable'ofbeing: changed in: shape. or

figure to anyuseful:(nirpose;. If well made and thoroughly

burnt,btickseerÍls to beqllite free <[romliability to expand
or contract underanyintluences to which it can be ex-
posed in a bridge;butthis>rnaterialcannotbe usedas the
main constituentof any.work without a largeproportion

of aforeign plastic substance tobed andpack together

intocoherent constructions the infinitenumber ofminute

formswhich brickas' a building material exhibits. This

substance,under the name oí mortar or cement, is, from

its preparation andcomposition,yielding andchangeable,
until ithasset and becomeperfectlydry ,whichdoes not
generally occur for some time .áfter it has..been applied.

How hard andenduring soever. mortar or cement may

become after a time, no mortars or cements . known, and
in use, are in the first instance, nor do they become for a
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long time, if ever theydo, equal to the brick in power oE

resisting pressure and'the various actions to which bridge

constructionsare exposed. Hence, andbe,cause of the
equal and rectangular form given to the brick in ordi-

naryuse, anarch turned with unéut bricksis dependent
entirely upon themortar 01'cement with which the bricks
áre .packed, that substance being inserted of necessity to
make up the difference between the, lengths of the inner
and outer peripheries of the ring, 01'part oía ring,formed
by a course of bricks in an aÍ'ch. Thus itwill appear,
that anarch turned with uncut bricks must be liable to

change its form, and consequently to become insecure,
while the mortal' 01' cement remains compressible, orless

hard and unyielding than the substance of the brick.

These. are inherent defects .in brick-work as ordinarily
practised, and it is not pretended that any advantage

would be derived froID making bricks larger than they

are usually made, 01'by ~aking them in forms adapted

to arches; fol'. to both expedients there would beserious

objections, and the defects alluded to couldhardly be

affected in a sensible degree by either. No ~rick could

be made well and with. economy that should be of a
rnuch larger than the ordinary size,and nobrick could

be rnade, in like rnanner, for the\large arches which are
conternplated when a bridge is spoken of, long enough

to render itunnecessary to rnake up the. substance
requisite to give an arch of any rnagnitude sufficient

strength by aplurality of rings; unless, iúdeed bricks

were rnoulded to the various forms and sizes necessary

to bond a large, arch, as in the gauged arch offinished



PRELIMINARY ESSA Y. 17

house-building, which would be altogether
.
out oí the

question.

The porousness oí brick, which alone is enough to
render brick-work 'highly defective in allhydraulic con-
structions, is a further objection to that material in such

bridge constructions as expose the work to the access of
water; and th,.ese'are of constant occurrence. Brick is

not, however, necessarily porous in so great a degree as
the bricks usually produced are found tobe; .but when
brick ismade more compact, it is more costly; and if
bricks are subjected to any. process to close the pores,
the suríace ceases to receive the adherence oí the usual
mortan; and cements.

But, as beíore remarked, with skilland ~are, and with
goodmaterials, in many cases 'and under Illany con-
ditions excellent constructions .as bridges, and of the
nature oí bridges, arebuilt,andmaybe built, ofbrick-
work, or, better still, with 'brickand stone, by a ju-.
dicious combination oí the . two; stone being introduced

in chains and strings, ~o,assist,in bonding the brick-work,
and in springing, blocking,andcoping courses, and

upon salient and exposed partsgenerally, and to receive
and distribute pressure where it is greatest. Rigid ad-
herence to the, rationale oí cónstruction would, indeed,
prohibit the combination in parallel positions of any two

sorts of material, as brick and stohe, whiúh offer their

mbstances' oí such widely different sizes and incoherent

3hapes, that no sure resuIt canbecounted upon, because
)í the greater quantity of compressible packing material,

lS mortar, that must be introduced with the one than the
VOL. n. e
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other requires.Thorough bonding course,s,-:- whether in

vertical. constructions or in arches,-springing, blocking,
and coping courses,are, however, notonly unobjec-

tionable, but they m.ay have the e:ffect of materially
modifying the defects which doalid mustexist in brick-

w:orkas the main constituent of a bridge.
Thisgeneral view of the merits of. the .principal ma-

teria~sof which bridges are built,andof thecauses,
properties, and qualities which a:ffect them in practice,
is intended tomark the leading éharacteristics of each in
composition, and not to enter irlto explanatorydetails that

are not necessary to a fair appreciation ofthemall; but a

few observations may be proper, to show why a defect ihat

maybe obviated may yet constitute an objection to a
particular class of materials, and why what is an objection
to one class of materials may not be so to another.

It has bet;Jn remarked as an objection to timber. in

permanent constructions, that it. changes its bulk by
shrinking as it becomes seasoned. Now, it is obvious
that this may be met in a great degree by seasoning the

timber before it is worked; but bridgesare. built of
timber for economy and dispatch, and both of these

would be materially a:ffected in' almost .every 'case by

insisting upon the use of properIy seasoned timber; so

that the objection may stand for what it is worth, or be

put aside a.s inapplicable, according tothe circumstances

of each particular case. Again, it is a broad objectionto
brick.;work, thatso large a proportion ofwhat shouldbe

an entire ullyielding mass in construction, is a yielding

compressible substance; and this objection is stated to be
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stronger as it regards the construction ofarches in brick-

work, because the rectangular form of the brick renders

it necessary that the value of the arch-form in con-
struction should be derived from the insertion of mortal'
in. the triangular wedge-formed spaces which are left

between the bricks iri an arch. This may be met by.
cutting the bricks; but bridges are built of brick for

economy, and it would be an endless task to do this for

a large work; besides that, it would in reality be of very
little value when done, as before intimated, since there

must still be a body of compressible mortal' in every

joint, to fiIl inevitable interstices and to bed the bricks,
whiIst the shallow rings of which a Iarge brick arch

mustbe composed would still remain unbonded together.
The repetition of thebrick in rings, each ring outwards

holding more solid matter than that within it, practicalIy

meets the difficu1ty, though it does not remove it, nor
does it bond the rings to makeevery one of value to

all the resto
The objection to brick-work for bridge-building, be-

cause of the mortal' required in its composition, may be

held to apply to masonry also; but in well-proportioned
and weIl-executed upright and horizontaIIy coursed ma-
sonry it is an objection Iittle more than in name, as the

infrequency of the joints, aRd the truth with which the
sides or beds of the stones are wrought, requiring but

a thin stratum of mortal' to seat and joint the stones, the

character of such construction for unyieldingness ought
not tobe sensibly affected by thepractica~ necessity for

mortal' in its composition. Nevertheless, it should be


