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PREFACE.

— e

THE present work consists of two parts. The first com-
Prises “The Art of Constructing Common Roads,” by
Mr. Henry Law, revised and condensed; the second
consists of ‘“The Recent Practice in the Construction of
Roads and Streets,” by Mr. D. Kinnear Clark, C.E., in the
investigation of which he has been indebted for much
material to the excellent Reports of Lieutenant-Colonel
Haywood, Engineer and Surveyor to the Commissioners
of Sewers of the City of London. The whole is preceded
by an historical sketch of the subject, also by Mr. Clark.

The City of London is a microcosm of the best and
most varied experience in carriage-way construction,
under the superintendence of the Engineer who has
lucidly described the various structures which have, from
time to time, been laid down and tried, in a catholic spirit,
and has recorded the results of his experience, in a
series of Reports ranging over a period of thirty years
—from 1848 to 1877. Mr. Clark has endeavoured impar-
tially to set forth the merits and disadvantages of the
systems of pavement which have come under his observa-
tion, and he believes that the results of his investiga-
tions will be useful to others.

The varieties of wood pavement and of asphalte
pavement which have been laid in the Metropolis—
more especially in the City—have been fully described
and, it is hoped, fairly criticised. Mr. Clark has also

-



vi PREFACE.

added a chapter on the Resistance to Traction on Common
Roads, in which he has endeavoured to educe the law of
rolling resistance, and has contributed new formulas, with
fresh data.

Appended to the text will be found a portion of a paper
by Sir John Burgoyne on Rolling New-made Roads;
some valuable extracts from Mr. Frederick A. Paget’s
Roport on Road-rolling, ccntaining several interesting
historical facts; and finally, a table showing the Condi-
tion of Wood and Asphalte Carriage-way Pavements in
the City of London, from a recent Report of Colonel
Haywood.
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2 HISTORICAL NOTICE.

persons travelling upon the roads, Several of these trusts
were established previous to 1765, and they subsequently
became general, when the attention of all classes of the
community was directed to the state of the highways.
Bills for making turnpike-roads were passed, every year, to
an extent which seems almost incredible ; and, in addition,
every parish was compelled by the force of public opinion,
supplemented by indictments and fines recoverable at
common law against the trustees, when the roads were
not maintained in proper repair. But the turnpikes formed
a cumbrous system: they were trusts in short lengths—
about fifteen or eighteen miles—and the surveyors em-
ployed appear to have been ill-educated, and were
" appointed by favour of the trustees rather than for any
professional knowledge.

A long period elapsed before any good system of road-
making was established. The old crooked horse-tracks were
generally followed, with a few deviations to render them
easy; the deep ruts were filled with stones or gravel of
large and unequal sizes, or with any other materials .
which could be obtained nearest at hand. The materials
were thrown upon the roads in irregular masses, and

" roughly spread to make them passable. The best of those
roads would, in our time, be declared intolerable. Road-
making, as a profession, was unknown, and scarcely
dreamt of ; for the people employed to make the roads and
keep them in repair, were ignorant and incompetent for
their duties. Travelling was uncommon, and funds were
scanty, and higher talent could not be commanded. Engi-
neers, except in cases of special difficulty, such as the con-
struction of a bridge over a deep and rapid river, cutting
through a hill, or embanking across a valley, probably
thought that road-making was beneath their considera-
tion, and it was thought singular that Smeaton should
have condescended to make a road across the valley of
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the Trent, between Markham and Newark, in 1768. At the
same time, civil engineers, according to Sir Henry Parnell,
‘“had been too commonly deemed by turnpike-trustees as
something rather to be avoided, than as useful and neces-
sary to be called to their assistance.” By-and-bye, as
people became sensible of the value of time, easier and
more rapid means of communication than the old roads
were required: improved bridges were built with easier
ascents ; and, in some cases, cuts were made to shorten the
distances, though the general lines of the old roads were
preserved. The roads, no doubt, were somewhat im-
proved in this way, but there was no general system or
concert between the district trustees.

Mr. Arthur Young, in his ““Six Months’ Tour,” pub-
lished in 1770, writes of some of the roads in the north of
England :— 7o Wigan. Turnpike.—I know not, in the
whole range of language, terms sufficiently expressive to
describe this infernal road. Let me most seriously caution
all travellers who may accidentally propose to travel this
terrible country, to avoid it as they would the devil, for a
thousand to one they break their necks or their limbs by
overthrows or breakings down. They will here meet with
ruts, which I actually measured four feet deep, and float-
ing with mud only from a wet summer; what therefore
must it be after a winter? The only mending it receives
is tumbling some loose stones, which serve no other pur-
pose than jolting a carriage in the most intolerable
manner. These are not merely opinions, but facts; for I
actually passed three carts, broken down, in those eighteen
miles of execrable memory.” ¢ Zo Newcastle. Turnpike.
—A more dreadful road cannot be imagined. I was
obliged to hire two men at one place to support my chaise
from overturning. Let me persuade all travellers to avoid
this terrible country, which must either dislocate their
bones with broken pavements, or bury them in muddy

B2
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sand.” Even so much later as the year 1809, the roads
answered to the description of Mr. Young. Mr. C. W.
‘Ward, writing in that year,* states that the convex sec-
tion, as shown in Fig. 1, was the most prevalent in the

N o)

Fig. 1.—Common Convex Road, in 1809.

country. TUnder the impression that the higher the arch
was made, the more easily the road would be drained,
the materials were heaped up about the centre till the
sides became dangerous, by their slope, for the passage of
carriages. The carriages, therefore, ran entirely upon the
middle till it was crushed and worn down, and then a fresh
supply of materials was laid on, and the road was again
restored to its dangerous shape. The sides of the road
were but little used, except in summer, or until the heavy
waggons had crushed the middle into a surface apparently
compact and smooth. In some places, the rough materials
were laid in a narrow line, not exceeding seven or eight
feet in breadth, along the middle of the road, and the
sludge collected from the scrapings of the roads or
ditches was placed on each side, like banks, to prevent the
stones from being scattered by the wheels. The high con-
vex form was so exceedingly defective as to defeat the
object for which it was constructed. Carriages were forced,
for safety or for convenience, to keep to the middle, and
it was speedily ploughed into deep ruts, which held the
rain-water, even when the convexity approached to the
form of a semicircle. The central elevation, therefore,
was not kept dry; and the central pressure of the traffic
forced the material upon the sides, where they lay loose

* Third Report from Parliamentary Committee on Turnpikes and
Highways, 1809.
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and unconnected, and obstructed the course of water from
the middle. The condition of such a road, ploughed and
disintegrated, is illustrated in section by Fig. 2, when it

was, probably, indicted. It was common for the parish-
surveyor after harvest to make a contract with a stout
labourer, who took job-work, for the reparation of the
road, with a special injunction ‘‘to be sure that he threw
up the road high enough, and made the stones of the
old causeway, or foot pavement, go as far as they could.”
The diligent operator fell to work ; nor was he stopped by
the equinoctial rains in September, for the work must be
done, as contracted for, before the Michaelmas sessions.
He accordingly produced something, Fig. 8. The clods

Fig. 3.—The Indicted Road thrown up, to take off the Indictment,
under the direction of a Parish Surveyor. Its second state.
and rushes were thrown into the bottom, and the soft soil
which nourished the vegetation, and all other materials,
hard or soft, were laid down, forming a convexity of con-
siderable elevation, according to order:—barrelling the
road, as it was called. The whole was duly surmounted with
the stones from the old broken footpath, with a little gravel
raked over them, just to keep them together. Finished
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thus, say by Saturday night, then on the following Monday
it was submitted for inspection to two magistrates, on their
way to the quarter sessions. How could they possibly
refuse to speak the truth ? they certified ¢ that it was per-
fectly smooth when they saw it, and that a vast deal had
been done since the last time they were there.”” But
besides tear and wear, decomposition immediately took
place in the chaotic mass, and, in the second or third
year after the repair, the road was reduced to the condition
shown in Fig. 4, in its last and worst state.

Although it appears that the practice of road-making,

Fig. 4.—The same Road, in its third year after repair, or its last and worst state.

even at the commencement of the present century, was
sadly deficient, it is, nevertheless, fair to add that persons
of intelligence were aware of the first requisite for a
good road. Mr. Foster, of Bedfordshire, in 1809, saw
that it was desirable, ‘ first, to lay a substantial founda-
tion of the hardest stone or coarsest gravel that could be
procured, and then to coat it with a finer and more level
surface.”

It followed, from the imperfect condition of the roads,
that the wheels of vehicles were required to be of great
width, in proportion to the weight carried on each wheel.
The following table shows the proportions and the distri-
bution of weight on the wheels, according to the regula-
tions of the Act which was in force in the early part of this
century. The rolling widths are the slant widths of
conical wheels :—
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Tasre No. 1.—WEeieaT, HORSE-POWER, AND WHEELS OF VEHICLES
oN Common Roaps. 1809.

Weight
Gross | Number on the | Preasure
Breadth of wheel. | (C1o8¢ | Smner | Dranght of rosdat | per fnch
wheel.
inches. tons. ewt, 1b. cwt. 1bs.
16 . . . 8 10 16 0 40 280
9,rolling 16 .| 6} 8 16 42 82 404
9 . . . 6 8 15 0 30 373
6, rolling 11 . 63 6 18 37 27 513
6 . . . 4 6 16 0 22/ 420
3 . . . 33 4 17 56 17 653
2, Stage coach . 4 4 20 0 20 ; 1120

Here, it is apparent that the pressures per inch of width
of tyres increased as the width diminished. In the opinion
of the practical men of that day—carriers and others—
the pressure should have been limited to about 4 cwt.,
or 448 lbs., per inch wide; and it was maintained that
the minimum width of wheel for any vehicle should be
4} inches.

About the year 1816, Mr. James L. Macadam, who had
for many years previously given his attention to the state
of the roads, assumed the direction of the roads of Bristol,
and he put in practice the leading principle of his system
of road-making, namely, ‘‘to put broken stone upon a
road, which shall unite by its own angles so as to form a
solid, hard surface.” ‘‘It follows,”” he adds, ‘that when
that material is laid upon the road, it must remain in the
situation in which it is placed without ever being moved
again ; and what I find fault with in putting quantities of
gravel on the road is that, before it becomes useful, it
must move its situation, and be in constant motion.”*
The principle was to substitute small angular stones, such

* « Report of the Select Committee on the Highways of the King-
dom, 1819,” p. 22.
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as resulted from the breakage of larger stones, for rounded
stones ; so as to form a sort of mosaic or interlocking sys-
tem. This is the distinctive novelty of the system of
Macadam, and its value has been established by universal
experience.

Mr. Macadam also maintained that no greater convexity
should be given to the surface of the road, in transverse
sections, than was sufficient to cause rain-water to run
readily into the side channels. The surface of the road
was kept even and clean by the addition of proper fresh
materials when necessary, distributed equally in thin
layers immediately after rain, in order that the new mate-
rials might bind and incorporate properly with the old.
Macadam’s system of construction consisted in simply
laying a stratum of .flints, or other hard materials, 10
or 11 inches thick, broken equally into small pieces about
2 inches in diameter, and spread equally over the intended
road-surface. The broken ‘‘metal’” became consolidated
by carriages passing over it. 'Without any specialty of
professional training, except the faculty of acute obser-
vation, Macadam effected great improvement of the sur-
face of the roads immediately under his charge; and, by
his business-like and extended views on road-adminis-
tration, he established for himself a world-wide repu-
tation. He professed to be a road-maker only, and he
devoted his whole time and attention to the propagation of
his system. He found the roads in the Bristol district
loaded with two or three feet of materials, of large and
irregular size, which had for years been accumulated
on the surface. The heaps were utilised as quarries of
stones partially broken on the spot ; the stones he excavated,
separated from the mud, and reduced by breakage to a uni-
form size, 6 ounces in weight. After having been so broken,
the stones were relaid, and were carefully and regularly
raked and levelled during the process of consolidation. In
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this way, with the addition of effective drainage where
necessary, he was enabled to make a good surface on roads
which previously were almost impassable. As nearly every
road had more metal upon it than was necessary, he, and
the surveyors appointed by him, established economy in
the construction and maintenance, as well as in the admi-
nistration of the finances, and his system became generally
adopted.

‘Whilst Mr. Macadam deserved well as the pioneer of
good road-construction, it may be observed that he had
been anticipated in the promulgation of the system of a
regularly broken-stone covering by Mr. Edgeworth, an
Irish proprietor, whose treatise on roads, of which the
second edition was published in 1817,* contains the results
of his experiments on the construction of roads, with some
useful rules. He advocated the breaking of the stones to
a small size, and their equal distribution over the surface.
Hbe also recommended that the interstices should be filled
up with small gravel or sharp sand—a practice which,
though it was condemned by Macadam, is now adopted
by the best surveyors.

Since Macadam’s time, the practice of road-making has
been greatly improved by the use of the roller for com-
pressing and settling new materials, and of preparing at
once a comparatively smooth and hard surface for traffic.

Telford first directed his attention in 1803-4, to the
construction of roads. He was employed chiefly in the
construction of new roads—hundreds of miles of roads in
the Scottish Highlands; also the high road from London
to Holyhead and Liverpool, and the great north roads,
formed in consequence of the increased communication
with Ireland after the Union, and which were excellent
models for roads throughout the kingdom. Telford set

* « An Essay on the Construction of Roads and Carriages,” 2nd
edition, 1817.

83
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out the roads according to the wants of the district through
which they were made, as well as with a view to more
distant communication; and the acclivities were so laid
out, that horses could work with the greatest effect for
drawing carriages at rapid rates. As a notable instance
of the wonderful improvements that were effected by Tel-
ford’s engineering skill applied to the laying out of new
roads, an old road in Anglesea rose and fell between its
extremities, 24 miles apart, through a total vertical height
of 3,540 ft.; whilst a new road, laid out by Mr. Telford
between the same points, rose and fell only 2,257 ft., or
1,283 ft. less than the undulations of the old road, whilst
the new road was more than 2 miles shorter.

The road was formed by a substratum, or rough hand-
set pavement, of large stones as a foundation, with suffi-
cient interstices between the stones for drainage. The
materials laid on this foundation were, like Macadam’s
materials, hard and angular, broken intd small pieces, de-
creasing in size towards the top, where they formed a fine
hard surface, whereon the carriage wheels could run with
but little resistance. Telford’s system was afterwards
studied by his assistant, Mr. (afterwards Sir John) Macneil.

The pressure of public opinion, acting through more
than a century, has resulted in a network of fully 160,000
miles of good carriageable roads in the United King-
dom, according to the following data supplied by Mr.

Vignoles :—*
Length of Metalled Roads i1 1868-69.

Length of Road. Area. Population,

Miles. Square miles. umbers.

United Kingdom . 160,000 122,619 30,621,431
France . . 100,048 210,460 38,192,064
Prussia . . b5,818 139,675 23,970,641
Spain . . 10,886 198,061 15,673,481

The rolling of Macadam or broken-stone roads, though
¢ Address of the President of the Institution of Civil Epgineers,
January 11th, 1870,
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it seems to have been first applied in 1830, appears to
have been but imperfectly appreciated in England until
about the year 1843, when, according to Mr. F. A. Paget,
the first published recommendation in the English lan-
guage of horse road-rolling, as a measure of economy, was
issued by Sir John Burgoyne.* Road-rolling is now very
generally practised, by horse-power or by steam-power.

The first Act for paving and improving the City of
London was passed in 1532. The streets were described,
in this simply-worded statute, as ‘very foul, and full of
pits and sloughs, so as to be mighty perillous and noyous,
as well for all the king’s subjects on horseback, as on foot
with carriages” (litters).

Previously to the introduction of the turnpike-road
system, the streets of the metropolis and other large towns
were paved with rounded boulders, or large irregular
pebbles, imported from the sea-shore. They usually stood
from 6 to 9 inches in depth for the carriage-way, and about
3 inches deep for the footpaths. Such a road could not be
made with a very even surface; the joints were neces-
sarily very wide, and afforded receptacles for filth. The
irregularity of the bases of the stones caused a difficulty
in securing a solid and equal support; and, under the
traffic, ruts and hollows were speedily formed. The boulder
pavement was succeeded by a pavement composed of
blocks of stone which, though ordinarily of tolerably
good quality, and measuring 6 or 8 inches across the sur-
face, were so irregular in shape that even their surfaces
did not fit together. They formed a rubble causeway,

* See a paper by Sir John Burgoyne “On Rolling new-made
Roads,” in the Appendix.

+ The history of Horse Road-Rolling and of Steam Road-Rolling, is
given by Mr. Frederick A. Paget in his instructive ‘‘Report on the
Economy of Road Maintenance and Horse-draught through Steam
Road-rolling ; with Special Reference to the Metropolis, 1870.”
Addressed to the Metropolitan Board of Works,
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in which the stones were but slightly hammer-dressed.
‘Wide joints were made; and far from being dressed
square down from the surface, they most frequently only
came into contact near the upper edges; and, tapering
downwards, their lower ends were narrow and irregular,
leaving an insufficient area of flat base to support weight.
‘With such irregular forms, considerable spaces were un-
avoidably left between the stones, which were filled by
the paviours with loose mould, sand, or other soft material,
of which the bed or subsoil was composed. Another great
deficiency in the construction of the pavement, was caused
by inattention to the selection and arrangement of the
stones according to size—large and small stones were
placed alongside of each other, and, as they acted un-
equally in their resistance to pressure, they created a con-
tinual jolting in wheel-carriages, and, adding percussive
action to pressure, became powerful destructive agents.
Again, the bed on which the stones were placed, being
loose matter, for the most part, was easily converted into
mud when water sank through between. It was unavoid-
ably loosened by the paviour’s tool, to suit the varying
depths and narrow bottoms of the stones, and to fill up
the chasms between the stones. The mud was worked up
to the surface, and the stones were left unsupported. In
consequence of these defects, the surface of the pavement
soon became very uneven, and not unfrequently sunk so
much as to form hollows, which rendered it not only
incommodious but dangerous to horses and carriages.
Such was the system of pavement met with in London
fifty years ago. Mr. Telford, in 1824, clearly pointed out
the deficiencies of the system ; and in his Report (referred
to in the foot-note)* he recommended first, a bottoming,
# See Mr. Telford’s ¢ Report respecting the Street Pavements, &c.,

of the Parish of St. George’s, Hanover Square,” printed in Sir Henry
.,‘Pamcll’s «Treatise on Roads,”’ p. 348, 2nd Edition.
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or foundation, of broken stones, 12 inches deep ; second,
rectangular paving-stones of granite, worked flat on the
face, straight and square on all the sides, so as to joint
close, with a base equal to the face, forming, in fact, an
ashlar causeway. The dimensions of the stones were
recommended to be as follows :—
R o me

For streets of the 1st class 6 to 7% 10 11to 13

” ond ,, b6to7 9 9to12
» 3rd ,, 44to6 Tto8  Tioll

Stones of such dimensions as those recommended by
_Telford, frequently having a depth of 12 inches, have
been generally employed in street-paving. In some
instances, they have been laid on concrete, with the joints
grouted with lime and sand, to insure a great degree of
stability. They have been proved to possess great dura-
bility—of which many instances will be adduced—but
they have been, for several reasons, generally abandoned
in favour of narrower paving-stones, 3 or 4 inches in
width, though many secondary streets in London and else-
where, remain, at this day, paved with 6-inch stones.

Macadam’s system was introduced in some streets where
the traffic was light, but it did not equal the granite
paving. )

Pavements formed of blocks of wood appear to have
been first employed in Russia, where, according to the
testimony of Baron de Bode,* it has been, though rudely
fashioned, used for some hundreds of years. After long
and repeated trials of various modes of construction, wood
pavement consisted, according to the approved method, of
hexagonal blocks of fir wood, 6 inches across and 7 inches
deep, planted, with the fibre vertical, close to each
other, on a sound and level bottom; a boiling mixture of

* “Wood Pavement,” by A. B. Blackie, 1842..
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pitch and tar was poured over them, and a small quantity
of river sand was strewed over the tar. ¢ The fabrication
of these blocks,” wrote Baron de Bode, ‘“is extremely
simple and expeditious. It is accomplished by fastening
six strong blades into a strong bottom of cast-iron, and
pressing the ready-cut pieces of wood through these six
blades by means of a common or hydraulic press. The
bottom of the press being open, these cut blocks drop on
the floor, completely formed for immediate use. Red fir
is considered the best; but none of it must be used when
it has blue stripes on its edges, as that is a proof that it
is in a state of decay. The blocks must be perfectly dried
before they are used, and squeezed as close together as
possible between the abutments, one on each side of the
street or road, so as to keep the pavement from moving.”
In Norway, Sweden, Denmark, and Iceland, wood was, at
the time of Mr. Blackie’s writing, and it may be now, in
general use for the pavement of streets and highways.

In the United States, likewise, wood pavement was laid
down experimentally—in New York in 1835-6, and about
the same time in Philadelphia. In New York, it was laid
in three different forms. A hundred yards was laid in

Broadway, consisting of hexagonal
blocks of pitch-pine, 6 inches across,
and & inches deep. No pitch or tar
was applied to this pavement: it was
simply strewed occasionally with gravel
or sand for a month after it was laid.

. 5.—Stead’s Wood It had lain for two years, according to

avement " report, without having required any
repair ; though it appears that very few carts passing over
it carried more than half a ton of load, of which the widest
wheel did not exceed three inches in width. An equal
length of pavement was laid in William Street, a minor
thoroughfare, in the end of 1836; the pavement consisted
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of 6-inch square blocks of pine, 12 inches deep. The
third specimen was laid in Mill Street, in the middle of
1837, consisting of the same size and kind of blocks as
those laid in William Street, on a foundation of sand
beat down very hard. It is stated in Mr. Blackie’s
pamphlet that the pavement of square blocks was laid on
boards—probably in William Street.

Mr. David Stead was the first constructor of wood
pavement in England. He patented his system in May,
1838 :—consisting of hexagonal blocks of Scotch fir or
Norway fir, from 6 to 8 inches across, and from 3} to
6 inches deep, according to the traffic of the thoroughfare in
which they were to be laid. Each block was of the form
shown in Fig. 5, chamfered at the upper edges. The
ground having been well beaten and levelled, it was
covered with three inches of gravel, upon which the
blocks were placed, and which was designed to carry
away the water which might penetrate below the surface.
The pavement, when completed, looked substantial, and
presented the appearance shown in Fig. 6. When the
blocks were grooved across, they appeared together as in
Fig. 7. Mr. Stead’s pavement was,
in several instances, laid on a bed
of concrete. In Manchester, where
it was thus laid, in front of the
Royal Infirmary, the concrete bed
was three inches deep, and was
composed of three parts of small
broken stones, § inch in diameter, Fig. 6.
flushed with Ardwick lime and '‘Stead’s Wood Pavement,1838.
Roman cement. The lime was mixed with sand in the
proportion of one to two; and the cement as ome to
twenty. The concrete was laid upon a hard, well-beaten
clay substratum.

Mr. Stead also laid ‘pavements expenmenta.lly, consist-

"I"
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.

ing of round blocks of wood—sections of trees—placed
vertically, and laid together as in Fig. 8. The interspaces
weroe filled with sifted gravel or sharp sand.

The first example of wood-paving
in London, was laid in the Old
Bailey, in 1839, on Stead’s system.
It was laid haphazard on the bed
of the roadway. The pavement did
not wear well; the blocks settled
. down irregularly in the unprepared
Stead’s w.,oﬁ’%:",ement, 1038, foundation. At the end of three
years and two months, in 1842, the pavement was lifted,
and removed to pave the yard of the Sessions House;
there it decayed, and a large crop of fungi appeared in the
Pplaces not touched by the traffic.

Mr. Stead’s system of wood paving
was laid in several other localities in
London about the same time as the
piece which was laid in the Old
Bailey, and also in Woolwich Dock-
yard. It was laid also in Salford,

Liverpool, and Leeds.
stendte TEE Savement. Shortly after Mr. Stead’s attempt,
Round Blocks. during the period from 1840 to 1843,
seven other wood pavements, of various design, were laid
in the City; but they did not last, for the most part, more
than three or four years. One of
these was the invention of the Count
de Lisle, patented in the name of
Hodgson, in December, 1839 ; the in-
Fig.9.—De Lisle's Wood vention was acquired by the Metro-
Pavoment. ao . politan Wood Pavement Company.
The formation of the blocks was called the ¢‘Stereotomy
of the Cube.” The upper and under surfaces of the blocks,
Fig. 9, are cut diagonally to the direction of the grain,
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forming parallelopipeds, which are placed alternately in
reversed positions, and when put together present a pave-
ment having the appearance of
Fig. 10. In each block, two holes
are cut on each side to receive
dowels or trenails, designed to
lock the blocks together.

Mr. Carey’s wood pavement,
patented in 1839, was one of the
earliest pavements that were tried,
and it proved to be the best at
the time. It was first laid in the City, in the Poultry,
in 1841, where it lasted six years; and it was shortly
afterwards laid in many other streets. It consisted of
blocks of wood 6 or 7 inches wide, from 12 to 14
inches in length, and 8 inches deep, shown in side
elevation, Fig. 11. The four-sided blocks of wood
were of wedge-form, in and out, sidewise and endwise
vertically, so as to form salient and re-entering angles,
and to interlock on all the four sides, each block with its
neighbour, when laid. It was anticipated that, by this
arrangement, each block would receive support from its
neighbours, and would be prevented from shifting or
settling from its position, since the pressure of the load
that was to come upon each block in succession would be

distributed and dispersed over
the neighbouring blocks. Later
experience has demonstrated .

two things :—that lateral sup-
port of this kind was not re- Fig. llﬂrgfﬁysgggg? 10, et
quired; and that, following the experience of stone-set
paving, the wood blocks of narrower dimensions answered
better, and, with suitable interspaces, afforded the necessary
foothold for horses.

Asphalte, a natural, brittle compound of bitumen and




18 HISTORICAL NOTICE.

.

limestone, found in volcanic districts, was introduced from
France, for foot-pavements, in 1836. It has, since that
time, been extensively employed in the City of London for
the pavements of carriage-ways.

In France, the art of the construction of roads, a hundred
years ago, was far in advance of English practice. Pre-
viously to 1775, the causeway was generally 18 feet wide,
with a depth of 18 inches at the middle and 12 inches at
the sides, according to the proﬁle, Fig. 12. Stones were laid

Fig. 12.—8ection of French Roads. Previous to 1775.

flat, by hand, in two or more layers, on the bottom of the
excavation ; on this foundation, a layer of small stones was
placed and beaten down, and the surface of the road was
formed and completed with a finishing coat of stones broken
smaller than those immediately beneath. As the roads
were, down to the year 1764, maintained by statute labour, -
with which the reparations could only be conducted in the
spring and the autumn of each year, it was necessary to
make the thickness of the roads as much as 18 inches, that
they might endure during the intervals between repairs.
‘With less depth, they would have been cut through and

totally destroyed by the deep ruts which were formed in
six months.

The suppression of statute labour (la corvée), in 1764,
was the occasion of a reformation in the design of cause-
ways, whereby the depth was reduced to such dimensions
as were simply strong enough for resisting the weight of
the heaviest vehicles. The depth was reduced to a uniform
dimension of 9 or 10 inches from side to side, and the cost
was diminished more than one half. Writing in 1775,
M. Trésaguet, engineer-in-chief of the generality of Li-
moges, stated that roads constructed on the improved plan
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lasted for ten years, under a system of constant maintenance,
and that they were in as good condition as when first con-
structed. The section of these roads, as elaborated by M.
Trésaguet, is shown in Fig. 13. The form of the bottom is

ﬁ\('k ul&\.ﬁt “““}‘llﬂ_jk e

Fig. 13.—8ection of French Roads, elaborated by M. Tréeaguet. 1775.

fv

a parallel to the surface, at a depth of 10 inches below it.
Large boulder stones are laid at each side. The first bed
consisted of rubble stones laid compactly edgewise, and
beaten to an even surface. A second bed, of smaller stones,
was laid by hand upon the first bed. Finally, the finishing
layer, of small broken stones, broken by hand to the size of
walnuts, was spread with a shovel. Great care was taken
in the selection of stone of the hardest quality for the
upper surface. The rise of the causeway was 6 inches in
the width of 18 feet, or 1 in 36.

Trésaguet's method, here illustrated, was generally
adopted by French engineers in the beginning of the
present century; although, on soft ground, they placed a
layer of flat stones on their sides under the rubble work.
In this case, the thickness was brought up to 20 inches.
The rise of the causeway was as much as 1-25th, and
often equal to 1-20th of the width.

But, if the design was good, the maintenance was bad.
Large and unbroken stones were thrown into the holes and
ruts, and neither mud nor dust was removed. About the
year 1820, the system of Mr. Macadam attracted some
attention in France; and the peculiar virtue of angular
broken stone in closing and consolidating the surface was
recognised. About the year 1830, it is said, the system of
Macadam was officially adopted in France for the con-
struction of roads; and M. Dumas, engineer-in-chief of
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the Ponts et Chaussées, writing in 1843,* stated that the
system of Macadam was generally adopted in France, and
that the roads were maintained, by continuous and watch-
ful attention in cleansing the roads and with constant
repair, in good condition—realising his motto, ‘‘ The maxi-
mum of beauty.” But the employment of rollers for the
preliminary consolidation and finishing of the road, has
been an essential feature in their construction and their
maintenance ; for it has long been held in France that a
road unrolled is only half finished. It appears, according
to Mr. F. A. Paget, that the horse-roller was introduced
in France in 1833. At all events, in 1834, M. Polonceau,
struck by the viciousness of the mode of aggregating or
rolling the material of the road by the action of wheels,
proposed, in the first place, to consolidate the bottom by
a 6-ton roller, and to roll the material in successive layers
consecutively, and thus to complete in a few hours what
might, in the ordinary course of wheel-rolling, require
many months to perform.

* “Annales des Ponts et Chaussées,” 1843 ; tome 5, page 348.
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PART 1.
CONSTRUCTION OF ROADS.

BY HENRY LAW, C.E.

-—————

CHAPTER 1.
EXPLORATION FOR ROADS.

Tais part of the work is confined to the art of constructing
common roads, in situations where none previously existed,
and to the repair of those already made. Before entering
into the details of their construction, it is desirable to go
into the subject of the exploration for roads, or the manner
in which a person should proceed in exploring a tract of
country, for the purpose of determining the best course for
a road, and the principles which should guide him in his
final selection of the same.

Suppose that it is desired to form a road between two
distant towns, A and B, Fig. 14, and for the present neglect

Fig. 14.—Laying out a Road.

altogether the consideration of the physical features of the
intervening country ; assuming that it is equally favour-
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able, whatever line is selected. Now, at first sight, it
would appear that, under such circumstances, a perfectly
straight line drawn from one town to the other, would be
the best that could be chosen. But on a more careful
examination of the locality, it may be found that there is
a third townm, o, situated somewhat on one side of the
straight line drawn from A to B; and, although the
primary object is to connect the two latter, it may, never-
theless, be considerably better if the whole of the three
towns were put into mutual connection with each other.
Now this may be effected in three different ways; any one
of which might, under certain circumstances, be the best.
In the first place, & straight road might, as originally sug-
gosted, be formed from A to B, and, in a similar manner,
two other straight roads from 4 toc, and from B to ¢. This
would be the most perfect way of effecting the object in .
view, the distance between any two of the towns being
reduced to the least possible length. It would, however,
be attended with considerable expense, and it would be
requisite to construct & much greater length of road than
according to the second plan, which would be to form, as
before, a straight road from A to B, and from ¢ to construct
a road which should join the former at a point », so as to
be perpendicular to it; the traffic between A or B and o,
would proceed to the point », and then turn off to 0. By
this arrangement, while the length of the roads would be
very materially decreased, only a slight increase would be
occasioned in the distance between ¢ and the other two
towns. The third method would be to form only the two
roads A c and ¢ B. In this case, the distance between A and
B would be somewhat increased, while that between A and
¢, or B and ¢, would be diminished ; the total length of
road to be constructed would also be lessened.

As a general rule, it may be taken that the last of these
methods is the best, and most convenient for the public;
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that is to say, if the physical character of the country
does not determine the course of the road, it will generally
be found best not to adopt a perfectly straight line, but to
vary the line so as to pass through the principal towns
near its general course. The public may thus be con-
veyed from town to town with greater facility and less
expense than if the straight line were adopted, and the
towns were to communicate with it by means of branch
roads. On the first system, vehicles established to convey
passengers or goods between the two terminal towns,
would pass through all those which were intermediate;
whilst, if the straight line and branch-road system were
adopted, a system of branch coaches would be required
for meeting the coaches on the main line.

In laying out a road in an old country, in which the
position of the several towns, or other centres of industry,
requiring road accommodation, is already determined,
there is less liberty for the selection of the line of road
than in a new country, where the only object is to establish
the easiest and best road between two distant stations, In
the first case, the positions of the towns, and other in-
habited districts situated near the intended road, are to be
taken into consideration, and the course of the road may,
to a certain extent, be controlled thereby ; whilst, in the
second case, the physical character of the country would
alone be investigated, and it alone would constitute the
basis for the selection of a new route.

‘Whichever of these two cases may be dealt with, in the
selection and adoption of the line of road between two
points, a careful examination of the physical character of
the country should be made, and the line of the route
determined in accordance with physical conditions.

One of the first points which attract notice in making an
examination of an ordinary tract of country, is the uneven-
ness or undulation of its surface ; but if the observation be



24 EXPLORATION FOR ROADS.

extended a little further, one general principle of con-
formation is perceived even in the most irregular countries.
‘The country is intersected in various directions by rivers,
increasing in size as they approach their point of _dis-
charge ; towards these main rivers, lesser rivers approach
on both sides, running right and left through the country ;
and into these, again, enter still smaller streams and
brooks. Furthermore, the ground falls in every direction
towards the natural watercourses, forming ridges, more
or less elevated, running between them, and separating
from each other the districts drained by the streams.

It is the first business of a person, engaged in laying
down a line of road, to make himself thoroughly acquainted
with the features of the country; he should possess him-
self of a plan or map, showing accurately the course of all
the rivers and principal watercourses, and upon this he
should further mark the lines of greatest elevation, or the
ridges separating the several valleys through which they
flow. It is also of peculiar service when the plan contains
contour lines showing the comparative levels of any two
points, and the rates of declivity of every portion of the
country’s surface. The system of showing upon plans the
levels of the ground by means of confour-lines, is one of
much utility, not only in the selection of roads and other
lines of communication, but also for settling the lines of
the drainage of towns, as well as of their water-supply,
and of the drainage and irrigation of lands, and for many
other purposes. A contour-plan of the City of London *
(Fig. 15) illustrates the application of the system of con-
tour levels. It will be observed that, upon this plan, there
are a number of fine lines traversing its surface in various
directions, and, where they approach the borders of the
map, having figures written against them: these lines are

* This plan is taken from a Report on the Health of Towns, and
is made from levels {aken from Mr. Butler Williams,
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termed contour-lines, and they denote that the level of the
ground is identical throughout the whole of their course :
that is to say, that every part of the ground over which the
line passes, is at a certain height above a known fixed
point, the height being indicated by the figures written
against the line. At the point A, for example, in Smithfield
Market, a line with the figures 57 is attached, which indi-
cates that the ground at that spot is 57 feet above some-
point to which all the levels are referred. If the course of
the line be traced, it is found that it cuts Newgate Street
at the point B, passes thence to the bottom of Paternoster
Row at the point 1, through St. Paul’s Churchyard at ¢, to
Cheapside at p. It then curves round towards the point
from which it first started, and crosses Aldersgate Street
twice, at £ and F; and, after intersecting Fore Street,
Cripplegate, in the point @, it again meets the boundary
of the City at m. It is thus shown that, tracing the
course of this line, each of those points stands at the same
height, namely, 57 feet above a certain fixed point, termed
the datum. This point is, in the present instance, 10 feet
below the top of the cap-stone at the foot of the step, on
the east side of Blackfriars Bridge. Each interval between
the lines in Fig. 8, indicates a difference of level of 18
inches; and by counting the number of these lines which
intersect a street or road within any given distance, the
rise or fall in the street is at once ascertained by simple
multiplication. Thus, looking at the line of Bishopsgate
Street, near the north end, the contour-line 45 is seen, in-
dicating that that point in the street is 45 feet above the
datum, and nine lines are found intersecting the street
between that point and the top of Cornhill. It is calcu-
lated, therefore, that this point is (1:5 X 9 =) 13'5 feet
above the other end of the street, or 58:5 feet above the
datum. The rate of inclination of the ground may also be
estimated by the relative proximity or distance apart of
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these lines. Thus, on the northern side of the City, where
the ground is comparatively level, the lines are far apart ;
whereas, on the side next the Thames, and again on each
side of the line of Farringdon Street, which marks the
course of the valley of the old river Fleet, where the sur-
face is very hilly, the contour lines lie close together.

The plan, Fig. 16, shows an imaginary tract of country,
to illustrate more clearly the mode of showing by means
of contour-lines, the physical features of a country. The
hatched line, E F @ H1, is supposed to be an elevated ridge,
encircling the valley shown in the plan; the fine black
lines are contour-lines, indicating that the ground over
which they pass is at the altitude above some known
mark expressed by the figures written against them in the
margin. It will be observed that these lines, by their
greater or less distance, have the effect of shading, and
make apparent to the eye, the undulations and irregu-
larities in the surface of the country.

In laying out a line of road, there are three cases which
may have to be treated, and each of these is exemplified in
the plan, Fig. 16. First, the two places to be connected, as
the towns A and B on the plan, may be both situated in the
same valley, and upon the same side of it; that is, that
they are not separated from each other by the main stream
which drains the valley. This is the simplest case. Secondly,
although both in the same valley, the two places may be
on the opposite sides .of the valley, as at A and ¢, being
separated by the main river. Thirdly, they may be situ-
ated in different valleys, separated by an intervening ridge
of ground more or less elevated, as at A and 0. In laying
out an extensive line of road, it frequently happens that all
these cases have to be dealt with: frequently, perhaps,
during its course.

The most perfect road is that of which the course is
perfectly straight, and the surface perfectly level ; and, all

c 2
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other things being the same, that is the best road which
answers nearest to this description.

Now, in the first case :—That of the two towns situated
on the same side of the main valley, there are two methods
which may be pursued in forming a communication be-
tween them. A road following the direct line between
them, shown by the thick dotted line A B may be made; or,
a line may be adopted which should gradually and equally
incline from one town to the other, supposing them to be
at different levels, or which should keep, if they are on the
same level, at that level throughout its entire course, fol-
lowing all the sinuosities and curves which the irregular
formation of the country might render necessary for the
fulfilment of these conditions. According to the first
method, a level or a uniformly-inclined road might be made
from one to the other, forming embankments and cuttings
where necessary; or these expensive works might be
avoided, and the surface of the road made to conform to
that of the country. Now, of all these, the best is the
straight and uniformly-inclined, or the level road, although
at the same time it is the most expensive. If the importance
of the traffic passing between the places is not suffi-
cient to warrant so great an outlay, it will become a matter
of consideration whether the course of the road should be
kept straight, its surface being made to undulate with the
natural face of the country; or whether, a level or equally-
inclined line being adopted, the course of the road should
be made to deviate from the direct line, and follow the
winding course which such a condition is supposed to
necessitate.

In the second case, that of two places situated on oppo-
site sides of the same valley, there is, in like manner, the
choice of a perfectly straight line to connect them, which
would probably require a heavy embankment if the road
were kept level ; or steep inclines, if it followed the surface
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of the country ; or, by winding the road, it may be carried
across the valley at a higher point, where, if the level road
were taken, the embankment would not be so high, or, if
kept on the surface, the inclination would be reduced.

In the third case, there is, in like manner, the alterna-
tive of carrying the road across the intervening ridge in a
perfectly straight line, or of deviating it to the right or
the left, and crossing at a point where the ridge is less
elevated.

The proper determination of the question, which of these
courses is the best under certain circumstances, involves a
consideration of the comparative advantages and disad-
vantages of inclines and curves. What additional increase
in the length of a road would be equivalent to a given in-
clined plane upon it; or, conversely, what inclination might
be given to a road, as an equivalent to a given decrease in
its length ? To satisfy this question, it is requisite to know
the comparative force required to draw different vehicles
with given loads upon level and upon variously-inclined
roads :—a subject which is treated in the next chapter.

In laying out a new line of road, the first proceeding is
usually, after a general examination of the country, to lay
down one or more lines upon the best map which can be
procured. On a contour-map of the district, this proceed-
ing is greatly facilitated. The next step is to make an
accurate survey of the lands through which the several
lines sketched out pass, which should be plotted to such a
scale as will admit of the smallest features being shown with
sufficient accuracy and distinctness. A scale of ten chains
to the inch, for the open country, with enlarged plans of
towns and villages upon a scale of three chains to the inch,
is generally found to be sufficient. Careful levels should
also be taken along the course of each line; and at suitable
distances, depending upon the nature of the country, lines
of levels should be taken at right angles to the original
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line. In taking these levels, the heights ‘of all existing
roads, rivers, streams, or canals should be noted; dench-
marks should be left at least every half-mile, that is, marks
made on any fixed object, such as a gate-post, or the side
of a house or barn, the exact height of which is ascertained,
and registered in the level-book. The bench-marks are
useful in case of deviations being made in any portion cf
the lines, for the levels may be taken direct from the bench-
marks, thus obviating the necessity of again levelling
other parts of the line. A section should be formed
from the levels, to the same horizontal scale as the general
plan, with such a vertical scale as will show with distinct-
ness the inequalities of the ground. If the horizontal
scale is. ten chains to the inch, the vertical scale may be
20 feet to the inch.

A plan of this kind is exemplified in Fig. 17, plotted to a
scale of ten chains to the inch, showing a district through
which a road is to be constructed. One line is shown run-
ning nearly straight across the plan, together with a devia-
tion therefrom, which, although of greater length, would
run on more favourable ground. The sections, Figs. 18 and
19, show the levels of the surface of the ground on the
straight line, and on the deviation from it respectively.
The required information is given on the plans, for enabling
the engineer to lay down the course of the road, and to
arrange the position and dimensions of the culverts, bridges,
and other works necessary in its construction.

It is shown in Fig. 17 that the straight line crosses a
stream at B, and the river twice at c and » ; and also that
it must pass from B to E, over a swamp or morass of such
a nature that, if a solid embankment be formed, it is pro-
bable that a very large quantity of earth would be absorbed
beyond what is indicated in the section. It would, in
addition, be necessary to form bridges with several capa-
cious openings at the points where the intended road would

~
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cross theriver, since the river would be liable to be flooded.
Such disadvantages attending the more obvious route, would
induce the engineer to sketch out some other line, by which
they would be avoided. He would have the levels taken,
with other needful information, to enable him to choose
between the two routes.

The manner in which the sections should be drawn, and
the nature of the information to be given upon them, are
exemplified in Figs. 18 and 19. In addition, data of the fol-
lowing character should be obtained, and should be entered
either in the survey field-book, or in the level-book.

At the point B, fig. 10, the line crosses a stream 8 feet in width
and 1 foot deep ; in flood, this stream brings down a considerable
quantity of water.

At the point ¢ on the section, the river is much narrower and
is not so deep as at other places, in consequence of a great por-
tion of its waters finding a passage through the marshy ground
on either side. Its width is 16 feet, and its depth 2 feet; the
velocity of the current is 95 feet per minute; the height of its
surface at tho present time is 30:10 feet above the datum; and
the angle of skew which the course of the stream makes with the
line of the road is 62 degrees.

At the point D the river is 27 feet wide, and 2} feet in depth;
its velocity 87 feet per minute; the height of its surface above
the datum 29-96 feet; and the angle of skew 49 degrees.

The ground from B to E is of a very soft, boggy nature, and
full of water.

The height to which the river has risen during the highest
flood known, at the bridge at ¥ on the plan, is 35 feet above the
datum; the water-way at that time was 90 feet, and the sec-
tional area of the opening through which the water then flowed
was 550 square feet. The same flood at the lower bridge, at ¢ on
the plan, was 353 feet above the datum; the water-way was
102 feet, and the sectional area nearly 600 square feet.

The deviation-line only crosses one stream, at M, on the plan
and the section. The width of this stream at present is 15 feet,
and its depth 18 inches; but in times of flood it rises to the same
height as the river, and brings down a large body of water. The.
height of its surface at present above the datum is 31-25 feet, and
the angle which its course makes with the line of road is 35
degrees.

¢ 38
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The information relative to the rivers crossed, such as is
given above, should always be obtained, in order that the
bridges constructed over them may be adequate for the
passage of the water brought down in time of floods.

A cross section should be taken of each of the existing
roads, near their junctions with the intended road; to
show to what extent, if any, the levels of the existing
roads might be altered to suit the levels of the proposed
new road.

Laying out a Road.—On the sections Figs. 18 and 19 the
line of the road is to be laid down; in other words, the
levels at which it shall be formed are to be determined.
As the road should always be dry, it should be placed at
least a foot above the level of the flood ; and if it be placed
at 37-25 feet above the datum, which is the height of the
existing road at 1, this object will be effected. Drawing a
~line at this level upon the section, it appears that an
embankment will have to be formed across the valley
from the road at 1, to the point where the line meets the
round at x; and that the remainder of the road from
to # will be in a cutting. Now, the obvious principle in
arranging the levels of a road, would be so to adjust the
cuttings and embankments that the ground taken from one
should form the other. In the present instance, this is
impossible, because the level of the road is determined by
other circumstances, and necessitates the formation of a
very long embankment with but very little cutting. It
therefore becomes necessary that ground for the formation
of the embankments should be obtained from some other
source. But, in order to produce as much cutting as
possible, the line should be kept at the same level as
before until it becomes necessary to raise it so as to attain
the level of the existing road at m. If an inclination of 1
in 50 be given to this last part of the road, the distance at
which the rise will commence will be 200 feet from H, the
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difference of level being 4 feet. There is therefore to be
added to the other disadvantages already mentioned, as
belonging to the straight line of road, that of the formation
of a large embankment, with the necessity for making an
excavation in some other place, to supply the earth for that
purpose.

Examine the section of the deviation-line, and see what
improvement can be thereby effected. The level of the
lowest portion of the road must, as before, be placed 3725
feet above the datum ; and if a line be drawn at that level
on the section, Fig. 19, it will be found that the quantity of
embankment is very much reduced, compared with what
would be required for the straight course, and that there
is now no difficulty in adjusting the cutting between & and
L, so _as exactly to afford the amount of filling required.
A few trials will show that, if the line be kept at the same
level until within sixteen chains of the point B, and then
carried up at a regular inclination, this object will be
effected, and that the quantities of cutting and embank-
ment will be very nearly equal. The deviation-line is,
therefore, the line which the engineer would select as the
better of the two. Having made his selection, he would
proceed to mark the course of the road on the ground, by
driving stakes into the ground, on its centre line, at inter-
vals of one chain-length, or 66 feet. In the next place, he
would take very careful levels of the ground at every one
of these points, and at any intermediate point, where an
undulation or change of level occurred ; and wherever the
level of the ground varied to any extent in a direction at
right angles with the course of the road, he would take
levels from which he would make transverse or cross
sections of the ground. '

From these levels a working section should be made, to
a horizontal scale of not less than five chains to the inch,
and a vertical scale of 20 feet to the inch. A portion of
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the section plotted to these scales is shown in Fig. 13 ;
the level of the surface of the ground above the datum, at
every chain-length, at.the points where stakes have been
driven into the ground, should be figured-in on the section,
as shown in the column 4, and the depth of cutting or
height of embankment, at the same points, should be given
in another column, B. The entries in this last column
are obtained by taking the difference between the level of
the surface of the ground and the level of the road. Itwill
be observed that, upon the section, there are two parallel
lines drawn as representing the line of road; the upper
line is intended to represent the upper surface of the road

when finished, while the lower thick line represents what

is termed the formation-surface, or the level to which the

surface of the ground is to be formed, to receive the foun-

dation of the road. In the section, the formation-surface

is shown 15 inches below the finished surface of the road ;

the difference of level is therefore the thickness of the road

itself. All the dimensions on the section are understood

to refer to the formation-level ; and the height of the latter

above the datum should be figured-in wherever a change

in its rate of inclination takes place, and should be marked

by a stronger vertical line, as shown at c.
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CHAPTER II.

CONSTRUCTION OF ROADS: EARTHWORK AND
DRAINAGE.

Earthwork.—This term is applied to whatever relates to
the construction of the excavations and the embankments,
to prepare them for receiving the road-covering.

‘When the cuttings are of considerable depth, frial-pits
should be sunk at intervals of about ten chains, to the
depth of the intended cutting, for the purpose of ascertain-
ing the nature of the ground, and determining the slopes
at which the sides of the cutting would safely stand, as
well as the slope at which the same earth would stand
when formed into the embankments. The cuttings and
embankments should be numbered on the section, and the
slopes intended to be given to each should be stated upon
the section. The contents of a cutting or an embankment,
that is, the number of cubic yards which will have to be
moved for its formation, with the intended slope, should
then be calculated and Btated upon the section. The man-
ner of calculating these quantities will be explained in a
subsequent chapter.

‘Wherever rivers or streams are crossed, bridges or cul-
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verts must be introduced ; detail drawings of these should
be prepared, and reference should be made to them on the
working section. '

A working plan should be constructed, on the same
horizontal scale as the section, upon which the positions
of the centre stakes should be shown; and on this plan
the road should be drawn to its correct width at the upper
surface, with other lines showing the feet of the slopes.
The stakes should be numbered consecutively on the plan,
to facilitate reference to any part of the line, and the width
of land required at every stake should be calculated in the
manner about to be described, and entered in a table, from
which the width of land required for the purpose of the
road may be ascertained at every chain. Suppose that, in
the present instance, the finished width of the road itself
is to be 20 ft., and that an additional 6 ft. will be required
on each side for the ditch and bank, the net width of the
road without any slopes, or where the road is on the same
lovel as the ground, would be 26 ft.; and it may be
observed in the following table, wherever there is no cut-
ting or embankments (as at stakes Nos. 1 and 30), this is -
the width given in the fourth column. To find the heights
at the other stakes, the product of the height of embank-
ment or depth of cutting (as the case may be) by the ratio
of the slope is to be added to the net width, 26 ft. Thus,
in the first cutting, the ratio of the slopes being, as stated
on the section, 1 to 1, there is simply to add the depths of
the cutting at each stake to 26 ft., and the numbers given
in the fourth column are obtained. After the 21st stake,
the cutting terminates, and the ratio of the slopes then
becomes 14 to 1, and an addition of one and a half times
the height of the embankment is to be made to the normal
width, 26 ft., to give the remaining values in the fourth
column of the table.

F 2
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Taste No. 2.—Derrr, Heiour, AND WinTH OF CUTTINGS AND
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1 ]000| — 260l 17 | 283 | — | 283
2 | 068 — 266 18 | 252 | — | 285
3 1003| — 269 19 | 22| — |282
4 [120] — (272 2 | 160| — |27°6
5 |166| — 276 21 | 075| — | 268
6 | 191 — 2791 22 | — | 055 | 268*
7T | 204 — 280 23 | — | 220|293
8 | 187| — 279 24 | — | 352|313
9 | 190 — 279 25 | — | 4-00 | 320

10 | 207 — | 2811 26 | — | 379|317

11 | 217 | — 282 27 | — | 260 [ 299

12 | 23 | — 284 28 | — | 125|279

13 | 23| — 283! 29 | — | 030 | 26'5

14 | 22| — 233 3 | — | 0-00 | 26'0

156 | 260 | — 285 31 | — | 033|265

16 | 206 | — i 281 j

After ascertaining the widths as shown in the table No. 2,
the next operation is to set out the widths on the ground,
driving in another stake at every chain-length, at the
correct distance on each side of the centre stake. A grip
about 4 or 5 in. wide should then be cut from stake to
stake, s0 as to mark both the centre and sides of the road
upon the ground by & continuous line. The side lines
thus set out, it must be remembered, are not the foot of
the slopes, but they include 6 ft. on each side for a bank
and a ditch. Another stake should therefore be driven at
every chain-length, 6 ft. within the outer stakes on each
side, and another grip cut to mark the foot of the slopes.

A strong post should next be fixed into the ground,

* The slopes here change from 1 to 1, to 1} to 1,
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upon the centre line, wherever a change in the inclination

of the road takes place (as at the 17th stake in the present

instance), upon which a cross piece should be placed at the

intended height of the formation-surface of the road, and

intermediate heights should be put up at such distances as

will enable the workmen to keep the embankments to their

proper level. For cuttings, pits must be sunk correspond-

ingly, at certain intervals, to the depth of the formation-

surface, to serve as guides to the excavators in forming
the cutting. :

In the foregoing example, the slopes have been taken
at ratios of 1 to 1, and 1} to 1; but it should be remem-
bered that the inclination of the side slopes demands
peculiar attention. The proper inclination depends on the
nature of the soil, and the action of the atmosphere and
of internal moisture upon it. In common soils, as ordi-
nary garden-earth formed of a mixture of clay and sand,
compact clay, and compact stony soils, although the side
slopes would withstand very well the effects of the weather
with a steeper inclination, it is best, according to Professor
Mahan, to give them two base to one perpendicular; as
the surface of the roadway will, by this arrangement, be
well exposed to the action of the sun and air, which will
cause a rapid evaporation of the moisture on the surface.
Pure sand and gravel may require a greater slope, accord-
ing to circumstances. In all cases where the depth of the
excavation is great, the base of the slope should be in-
creased. It is not usual to use any artificial means to
protect the surface of.the side slopes from the action of
the weather; but it is a precaution which, in the end, will
save much labour and expense in keeping the roadway in
good order. The simplest means which can be used for
this purpose, consist in covering the slopes with good sods,
or else with a layer of vegetable mould about 4 inches
thick, carefully laid and sown with grass seed. These
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means are amply sufficient to protect the side slopes from
injury when they are not exposed to any other causes of
deterioration than the wash of the rain, and the action of
frost on the ordinary moisture retained by the soil.

The side slopes form usually an unbroken surface from
the foot to the top. But in deep excavations, and particu-
larly in soils liable to slips, they are sometimes formed
with horizontal offsets, termed denckes, which are made a
few feet wide, and have a ditch on the inner side to receive
the surface-water from the portion of the side slope above
them. These benches catch and retain the earth that may
fall from the portion of the side slope above.

When the side slopes are not protected, it will be well,
in localities where stone is plenty, to raise a small wall of
dry stone at the foot of the slopes, to prevent the wash of
the slopes from being carried into the roadway.

A covering of brush-wood, or a thatch of straw, may
also be used with good effect; but, from their perish-
able nature, they will require frequent renewal and
repairs.

In excavations through solid rock, which does not dis-
integrate on exposure to the atmosphere, the side slopes
might be made perpendicular; but as this would exclude,
in a great degree, the action of the sun and air, which is
essential to keeping the road-surface dry and in good order,
it is necessary to make the side slopes with an inclination,
varying from one base to one perpendicular, to one base
to two perpendicular, or even greater, according to the
locality :—the inclination of the slope on the south side in
northern latitudes being the greater, to expose better the
road-surface to the sun’s rays.

The slaty rocks generally decompose rapidly on the sur-
face, when exposed to moisture and the action of frost.
The side slopes in rocks of this character may be cut into
steps, and then be covered by a layer of vegetable mould
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sown in grass seed, or else the earth may be sodded in the
usual way.

The stratified soils and rocks, in which the strata have
a dip, or inclination to the horizon, are liable to s/ips, or
to give way, by one stratum becoming detached and sliding
on another; which is caused either from the action-of frost,
or from the pressure of water, which insinuates itself
between the strata. The worst soils of this character are
those formed of alternate strata of clay and sand ; particu-
larly if the clay is of a nature to become semi-fluid when
mixed with water. The best preventives that can be re-
sorted to in these cases are, to adopt a system of thorough
drainage, to prevent the surface-water of the ground from
running down the side slopes, and to cut off all springs
which run towards the roadway from the side slopes. The
surface-water may be cut off by means of a single ditch
made on tho up-hill side of the road, to catch the water
before it reaches the slope of the excavation, and convey
it off to the most convenient natural water-courses; for, in
almost every case, it will be found that the side slope on
the down-hill side is, comparatively speaking, but slightly
affected by the surface-water.

‘Where slips occur from the action of springs, it fre-
quently become a very difficult task to secure the side
slopes. If the sources can be easily reached by excavating
into the side slopes, drains formed of layers of fascines, or
brush-wood, may be placed to give an outlet to the water,
and prevent its action upon the side slopes. The fascines
may be covered on top with good sods laid with the grass
side beneath, and the excavation made to place the drain
be filled in with good earth well rammed. Drains formed
of broken stone, covered in like manner on top with a
layer of sod to prevent the drain from becoming choked
with earth, may be used under the same circumstances as
fascine drains. ‘Where the sources are not isolated, and
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the whole mass of the 8oil forming the side slopes appears
saturated, the drainage may be effected by excavating
trenches a few feet wide at intervals to the depth of some
feet into the side slopes, and filling them with broken
stone, or else a general drain of broken stone may be made
throughout the whole extent of the side slope by excava-
ting into it. 'When this is deemed necessary, it will be
well to arrange the drain like an inclined retaining-wall,
with buttresses at intervals projecting into the earth
further than the general mass of the drain. The front
face of the drain should, in this case, also be covered with
a layer of sods with the grass side beneath, and upon this
a layer of good earth should be compactly laid to form the
face of the side slopes. The drain need only be carried
high enough above the foot of the side slope to tap all the
sources ; and it should be sunk sufficiently below the road-
way surface to give it a secure footing.

The drainage has been effected, in some cases, by sink-
ing wells or skafts at some distance behind the side slopes,
from the top surface to the level of the bottom of the ex-
cavation, and leading the water which collects in them, by
pipes, into drains at the foot of the side slopes. In others,
a narrow trench has been excavated, parallel to the axis of
the road, from the top surface to a sufficient depth to tap
all the sources which flow towards the side slope, and a
drain formed either by filling the trench wholly with
broken stone, or else by arranging an open conduit at the
bottom to receive the water collected, over which a layer
of brush-wood is laid, the remainder of the trench being
filled with broken stone.

In some instances, the side slopes of very bad soils
have been secured by a facing of brick arranged in a
manner very similar to the method resorted to for securing
the perpendicular sides of narrow deep trenches by a
timber-facing. The plan pursued is, to place, at intervals
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along the excavation, strong buttresses of brick on each
side, opposite to each other, and to connect them at bottom
by a reversed arch. Between these buttresses are placed,
at suitable heights, one or more brick beams, formed at
bottom with a flat segment arch, and at top with a like
arch inverted. The buttresses, secured in this way, serve
as piers for vertical cylindrical arches, which form the
facing and support the pressure of the earth between the
buttresses. .

In forming the embankments, the side slopes should be
made with a less inclination than that which the earth
naturally assumes ; for the purpose of giving them greater
durability, and to prevent the width of the top surface,
along which the roadway is made, from diminishing by
every change in the side slopes, as it would were they
made with the natural slope. To protect the side slopes
more effectually, they should be sodded, or sown in
grass seed; and the surface-water of the top should
not be allowed to run down them, as it would soon
wash them into gullies, and destroy the embankment.
In localities where stone is plentiful, a sustaining wall of
dry stone may be advantageously substituted for the side
slopes.

To prevent, as far as possible, the settling which takes
place in embankments, they should be formed with great
care; the earth being laid in successive layers of about
four feet in thickness, and each layer well settled with
rammers. As this method is very expensive, it is seldom
resorted to except in works which require great care, and
are of trifling extent. For extensive works, the method
usually followed, on account of economy, is to embank out
from one end, carrying forward the work on a level with
the top surface. In this case, as there must be a want of
compactness in the mass, it would be best to form the
outsides of the embankment first, and to gradually fill in
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towards the centre, in order that the earth may arrange
itself in layers with a dip from the sides inwards;
this will in a great measure counteract any tendency to
slips outward. The foot of the slopes should be secured
by buttressing them either by a low stone wall, or by
forming a slight excavation for the same purpose.

In some cases surface drains, termed catch-water drains,
are made on the side slopes of cuttings. They are run up
obliquely along the surface, and empty directly into the
cross drains which convey the water into the natural water-
courses.

‘When the roadway is in side-forming, cross drains of
the ordinary form of culverts are made, to convey the
water from the side channels and the covered drains into
the natural water-courses. They should be of sufficient
dimensions to convey off a large volume of water, and to
admit a man to pass through them, so that they may be
readily cleared out, or even repaired, without breaking up
the roadway over them.

The only drains required for embankments are the ordi-
nary side channels of the roadway, with occasional culverts
to convey the water from them into the natural water-
courses. Great care should be taken to prevent the sur-
face-water from running down the side slopes, as they
would soon be washed into gullies by it.

‘When the axis of the roadway is laid out on the side
slope of a hill, and the road-surface is formed partly by
excavating and partly by embanking out, the usual and
most simple method is to extend out the embankment
gradually along the whole line of excavation. This method
is insecure, and no pains therefore should be spared to give
the embankment a good footing on the natural surface
upon which it rests, particularly at the foot of the slope.
For this purpose the natural surface should be cut into
_ steps, or offsets, and the foot of the slope be secured by
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buttressing it against a low stone wall, or a small terrace
of carefully rammed earth.

In side-formings along a natural surface of great incli-
nation, the method of construction just explained will not
be sufficiently secure ; sustaining-walls must be substituted
for the side slopes, both of the excavations and embank-
ments. These walls may be made simply of dry stons,
when the stone can be procured in blocks of sufficient size
to render this kind of construction of sufficient stability to
resist the pressure of the earth. But when the blocks of
stone do not offer this security, they must be laid in mortar,
and hydraulic mortar is the only kind which will form a
safe construction. The wall which supplies the slope of
the excavation should be carried up as high as the natural
surface of the ground; the one that .sustains the embank-
ment should be built up to the surface of the roadway ; and

a parapet-wall should be raised upon it, to secure vehicles
from accidents in deviating from the line of the roadway.

A road may be constructed partly in excavation and
partly in embankment along arocky ledge, by blasting the
rock, when the inclination of the natural surface is not
greater than one perpendicular to two base; but with
a greater inclination than this, the whole should be in
excavation.

There are examples of road constructions, in localities
like ‘the last, supported on a frame-work, consisting of
horizontal pieces, which are firmly fixed at one end by
being let into holes drilled in the rock, and are sustained
at the other by an inclined strut underneath, which rests
against the rock in a shoulder formed to receive it.

‘When the excavations do not furnish sufficient earth for
the embankments, it is obtained from excavations termed
side-cuttings, made at some place in the vicinity of the
embankment, from which the earth can be obtained with
the most economy.

D .f_
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" 1f the excavations furnish more earth than is required
for the embankment, it is deposited in what is termed a
spoil-bank, on the side of the excavation. The spoil-bank
should be made at some distance back from the side slope
of the excavation, and on the down-hill side of the top-
surface ; and suitable drains should be arranged to carry
off any water that might collect near it and affect the side
slope of the excavation.

The forms to be given to side-cuttings and spoil-banks
will depend, in a great degree, upon the locality; they
should, as far as practicable, be such that the cost of
removal of the earth shall be the least possible.



CHAPTER III.
RESISTANCE TO TRACTION ON COMMON ROADS.

Tae following are the general results of the experiments
made by M. Morin upon the resistance to the traction of
vehicles on common roads :—

1st. The resistance to traction is directly proportional
to the load, and inversely proportional to the diameter of
the wheel.

2nd. Upon a paved or a hard macadamized road the
resistance is independent of the width of the tire, when
this quantity exceeds from 3 to 4 inches.

3rd. At a walking pace, the resistance to traction is the
same, under the same circumstances, for carriages with
springs and for carriages without springs.

4th. Upon hard macadamized roads and upon paved
roads, the resistance to traction increases with the velocity:
the increments of traction being directly proportional to
the increments of velocity above the velocity 3:28 feet per
second, or about 2} miles per hour. The equal increments
of traction thus due to equal increments of velocity, are
less as the road is smoother, and as the carriage is less
rigid or better hung.

5th. Upon soft roads, of earth, or sand or turf, or roads
fresh and thickly gravelled, the resistance to traction is
independent of the velocity.

6th. Upon a well-made and compact pavement of hewn
stones, the resistance to traction at a walking pace is not
- more than three-fourths of the resistance upon the best
D2
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macadamized roads, under similar circumstances. At a
trotting pace, the resistances are equal.

7th. The destruction of the road is, in all cases, greater
as the diameters of the wheels are less, and it is greater
in carriages without than with springs.

The next experiments which may be quoted, are those of
Sir John Macneil,* made with an instrument invented by
him for the purpose of measuring the tractive force required
on different descriptions of road, to draw a wagon weigh-
ing 21 cwt., at a very low velocity. The general results
which he obtained are given in the following table :—

TasrLe No. 3.—ResuLts oF TracrioN ForcE To DRAW 21 Cwr. ox
A LeverL.
(8ir John Macneil.)

Total trac- Traclive

Descriptioa of road. force
P tive farce, | *“pe PET
1bs, 1bs.
On a well-made pavement ................ . 33 31-2

On a road made with six inches of broken |
stone of great hardness, laid either on a
foundation of large stones, set in the form of

a pavement, or upon a bottoming of concrete 46 44
On an old flint road, or a road made with a thick

coating of broken stone, laid on earth ..., 65 62
On a road made with a thick coating of gravel,

laid on earth .ivvvenvensen. } 147 140

Sir John Macneil has also given the following arbitrary
formulee,t for calculating the resistance to traction on level
roads of various kinds. They have been deduced from a
considerable number of experiments made on the different
kinds of road specified below, with carriages moving at
various velocities. Putting = for the force required to
move the carriage, w the weight of the carriage, w that of
the load, all expressed in pounds, v the velocity in feet per
second, and ¢ a constant number, which depends upon the

¢ Sir H. Parnell on Roads, p. 73. + Ibid., p. 464.
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nature of the surface over which the carriage is drawn,
and the value of which for several different kinds of road

is as follows :—

On a timber surface . . . . o= 2
On a paved road . e 2
On a well-made broken stone road, in a dry clean state . ,, 5
On a well-made broken stone road, covered with dust . ,, 8
On a well-made broken stone road, wet and muddy .y 10
On a gravel or flint road, in a dry clean state . .y 13
On a gravel or flint road, in a wet and muddy state .y 82
Stage wagon, R_w+w + 40 " ber ... (1)

Stage coach n=——w+“ —Fecer . . . (2
8 ) 00+ 40 L+ (2.)

Ruie 1.—Divide the gross weight of the carriage when
loaded, in pounds, by 93 if a wagon, or by 100 if a coach,
and to the quotient add one-fortieth of the weight of the
load only; to the sum, add the product of the velocity in
feet per second, by the proper constant for the particular
kind of road. The sum is the force in pounds required to
draw the carriage at the given velocity upon that descrip-
tion of road.

For example: What force would be requisite to move a
stage-coach weighing 2,060 lbs., and having a load of
1,1001bs., at a velocity of 9 ft. per second, along a broken-
stone road covered with dust? By the rule,

2060 1—{0-01100 + 1100 + (8 X 9)=1811 Ibs.
the force required.

To consider, next, the additional resistance which is
cccasioned when the road, instead of being level, is inclined
against the load, in a greater or less degree. In order to
simplify the question, suppose the whole weight to be
supported on one pair of wheels, and that the tractive
force is applied in a direction parallel to the surface of the
road. Let a B, Fig. 21, represent a portion of an inclined
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road, ¢ being a carriage just sustained in its position by a
force acting in the direction cp. The carriage is kept in
position by three forces, namely, ,
by its own weight w, acting in the
vertical direction ¢ F, by the force
F, applied in the direction ¢ 1 pa-
rallel to the surface of the road,
and by the pressure P, which is
exerted by the carriage against
the surface of the road acting in Fig. 21.—Gravity on an inclined
the direction cE, perpendicular plane.
to the surface. To determine the relative magnitude
of these three forces, draw the horizontal line A @, and
the vertical line Ba; then, since the two lines c¢F and
B ¢ are parallel, and are both cut by the line A B, they
must make the two angles c¥B and ABG equal; also the
two angles cEF and A @ B are equal, being both right
angles; therefore the remaining angles FcE and A e are
equal, and the two triangles ¢ ¥ E and A B @ are similar.
And as the three sides of the triangle ¢ ¥ & are proportional
to the three forces by which the carriage is sustained, so
also are the three sides of the triangle ABe; that is to
say, A B, or the length of the road is proportional to w, or
the weight of the carriage; Ba, or the vertical rise is pro-
portional to F, or the force required to sustain the carriage
on the incline; and A, or the horizontal distance for the
rise is proportional to P, or the force with which the car-
riage presses upon the surface of the road.

Therefore,

W . AB [ ! F ! GB
and W | AB . P . AG,
And if A e be made of such a length that the vertical
rise, B @, of the road, is exactly one foot, then,—

w w .
FE— = —/)——— = . . . . .
s Jie T w.sin 8 (8.)
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W.AG___W.AG
AB  JA&F1
in which g is the angle B A @.

These formuls reduced to verbal rules are as follows :~~

RuLE 2.—70 find the force requisite to sustain a carriags
upon an tnclined road (the effects of friction being neglected),
divide the weight of the carriage, including its load, by
the ¢nclined length of the road, the vertical rise of which is
one foot, and the quotient is the force required.

RurE 2.—7b find the pressure of a carriage against the sur-
Jace of an inclined road, multiply the weight of the loaded
carriage by the horizontal length of the road, and divide
the product by the snclined length of the same; the qyo-
tient is the pressure required.

Ezample—What is the force required to sustain a car-
riage weighing 3,270 Ibs. upon a road, the inclination of
which is ohe in thirty, and what is the pressure of the
carriage upon the surface of the road ?

Here the horizontal length of the road, A 6, being equal
to 30, for a rise of 1 foot, the inclined length, A B =
A/A @& 4 1 = 30017, and by the first rule, 3,270 + 30:017
= 10893 1bs. for the force required to sustain the carriage
on the road.

By the second rule, 3,270 x 30 =+ 30:017 = 3,269-91bs.,
the pressure of the carriage upon the surface of the road.

Since the pressure of a carriage on a sloping road is
found by multiplying its weight by the horizontal length
of the road and dividing by the inclined length, and as the
former is always less than the latter, it follows that the
force with which a carriage bears upon an inclined road is
less than its actual weight. In the foregoing example, it
is about two pounds less; but, unless the inclination is
very steep, it is not necessary to distinguish the difference
of pressure, as the pressure may be assumed to be equal
to the weight of the carriage.

andp = =w.cos8 . . . (4)

-\
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If the resistance which is to be overcome in moving a
carriage, at a given rate, upon a horizontal road, be ex-
pressed by R, then r 4 F is the resistance in ascending a
hill, and r — F descending a hill, with the same velocity ;
neglecting the decrease in the weight of the carriage pro-
duced by the inclination of the road. Taking, however,
this decrease into consideration, the following modification
in the formulee (1.) and (2.) will be requisite to adapt
them to an inclined road :—

W;éw""io) cos BF(wHw).sinB4cv.(5.)

in the case of a common stage wagon; and in that of a
stage coach,

R = (wl-(row+40) cos B F (w+u).sinB4cv.(6)

the upper sign being taken when the vehicle is drawn down
the incline, and the lower when it-is drawn up the same.

To ascertain the resistance in passing up or down a hill,
therefore, the resistance on a level road is first to be calcu-
lated, by Rule 1, page 53. To this is to be added the force
necessary to sustain the carriage on the incline, in ascending,
calculated by Rule 2, page 55; or, in descending, the same
force is to be subtracted from the resistance on a level.

As an example, take, as before, the case of a stage coach
weighing 2,060 1bs., besides a load of 1,100 lbs., at a velo-
city of 9 ft. per second, up a broken stone road of which
the surface is covered with dust, and which is inclined at
the rate of one in thirty.

The force to sustain the coach on this slope is, by Rule 2,

3130 1053 Ibs.

Addmg this force to the force already found at page 53,
requisite to move the same coach on a level road, the sum
- is (105°3 4 131°1 =) 2364 1bs,, for the force required to
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move the coach with a velocity of 9 ft. per second up the
inclined road of one in thirty. To draw the coach down the
same incline, at the same velocity, the resulting force re-
quired is the difference of the two forces already found, or
it is (1811 — 1053=) 25'8 1b,

The same example worked by formula (6) will give

2060 + 1100
(——1-50*‘0‘) *9995 4 (2060 + 1100) -0338 + (8 x 9)

= 2363 Ibs, when the carriage is drawn up the incline;

and

(2060 + 1100
100

= 2584 lbs., when the carriage is drawn down the incline,
the result being the same as that given by the rule.

The following table has been calculated in order to show,
with sufficient exactness for most practical purposes, the
force required to draw carriages over inclined roads, and
the comparative advantage of such roads and those which
are perfectly level. The first column expresses the rate
of inclination, and the second the equivalent angle; the
two next columns contain the force requisite to draw a
common stage wagon weighing with its load 6 tons, at a
velocity of 44 ft. per second (or 3 miles per hour) along a
macadamized road in its usual state, both when ascending
and descending the hill ; the fifth and sixth columns con-
tain the length of level road which would be equivalent to
a mile in length of the inclined road, that is, the length of
level road which would require the same mechanical work
to be expended in drawing the wagon over it, as would
be necessary to draw the wagon over a mile of the in-
clined road. The next four columns contain the same
information as the four just described, with reference to a
stage coach supposed to weigh with its load 3 tons, and to
travel at the rate of 8'8 ft. per second, or 6 miles per hour.

) ‘9995 — (2060 + 1100) 0388 4 (8 x 9)

D3 "
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- TanrLe No. 4.—ResisTaNce To Tracrion oN INcLINED Roavs.

é For A StAGE WaGoN. For A Staex CoacH,
g 6 tons gross. 38 tons gross.

£ N? ] a.% Iy 4 g
- AT AT
: Elafg 3| byl 52 7 HEIEEE T
& E g@.s °:§ §§ > gg.g‘.é«gé gé’g ggm *55'2’
@ < 2 e b S 828 ]
N I ek PHEL o338 | 25 £E:

31 ° 5 2 o~ Y S8 | Be
3 5 B 8 [3..3 [S,‘.o'e.a =8 '§‘3‘03 ;s-o'c
o v | Ibs | Ibs. | Miles. | Miles. | Ibs, | lbs. | Miles, | Miles
1in 600 0 5 44 ' 286 | 241 | 1-085 | ‘9150 | 373 | 350 | 1-030 | 9690
5 6760 569 | 287 | 240 | 1-088 | -9116 | 373 | 350 | 1-032 | ‘9676
» 65010 6 15| 288 | 239 | 1:093 | -9074 | 374 | 349 |1-033 | ‘9662
» 62510 6 33 289 | 238 | 1-097 | -9029 | 374 | 349 | 1-035 | 9646
5 600 (0 6 63 ‘ 291 | 237 | 1-102 | -8979 | 375 | 348 | 1-037 | -9629
47510 7 14 | 292 | 2356 | 1-107 8926 | 376 | 347 | 1-039 | 9605
,» 450 0 7 38 1.204 | 334 11-113 | -8869 | 377 | 347 | 1-041 | -9588
5, 4260 8 5| 295 | 232 | 1-120 | -8801 || 377 | 346 | 1-043 | -9563
5 400] 0 8 36 || 297 | 230 | 1-128 | -8725 || 378 | 345 | 1-046 | 19535
» 3760 9 10 || 300 | 228 [ 1-136 | -8642 || 380 | 344 | 1:049 | ‘9505
s 360 | 0 9 49 || 302 | 225 | 1146 | -8543 /| 381 | 342 | 1-0563 | 9469
4, 326 0 10 35 1 305 | 222 | 1-157 | -8433 «| 382 | 341 | 1-066 | -9430
,» 300 0 11 28 1 309 | 219 | 1-170 | -8301 || 384 | 339 | 1-061 | -9381
» 29010 11 51 | 310 | 217 [1-176 | -8245 || 385 | 338 | 1:064 [ -9358
5, 280|012 17 1 312 | 216 | 1-182|-8179 || 386 | 338 | 1-066 | -9336
» 270 0 12 44 1 314 | 214 | 1-189 | 8111 || 386 | 337 | 1-068 | -9314
» 26010 13 13 || 316 | 212 | 1-196 | -8039 (| 387 | 336 | 1-071 | -9286
5 2501 0 13 46 |' 317 | 210 | 1-204 | -7963 || 388 | 335 | 1-074 | -9269
,» 2401 0 14 19 || 320 | 208 | 1-212 | -7876 || 390 | 334 | 1-077 | -9226
» 280 0 14 67 || 322 | 205 | 1-222 | -7785 || 391 | 332 | 1-080 | -9192
, 220 | 0 15 37 | 325 | 203 | 1-232 | -7683 || 392 | 331 | 1084 | -9156
» 210 0 16 22 || 328 | 200 | 1-243 | 7573 || 394 | 330 | 1°088 | *9115
,» 2000 17 11 |1 331 | 197 | 1-255 | 7451 || 395 | 328 | 1-092 | -9071
, 190|018 6 |l 334 | 193 | 1-268 | -7319 || 397 | 326 | 1°097 | -9024
,, 1601 019 6 | 338 | 189 | 1-283 | -7171 || 399 | 324 | 1103 | -8968
» 170 0 20 13 || 343 | 185 | 1-300 | -7004 |, 401 | 322 | 1-109 | -8908
5 160 0 21 29 | 848 | 180 | 1-319 | 6814 || 404 | 320 | 1-116 | -8839
4, 150 | 0 22 66 || 353 | 174 | 1-341 | -6587 || 406 | 317 | 1-123 | 8761
» 140 | 0 24 33 [ 360 | 168 | 1-364 | -63569 || 410 | 314 | 1-132 | -8673
,» 130 0 26 27 || 367 | 160 | 1-392 | -6079 || 413 | 310 | 1-142 | -8573
,, 120 0 28 39 || 376 | 162 | 1-425 | -5752 | 418 | 306 | 1-154 | -8451
5 110 0 31 15 || 386 | 142 | 1451 | -56491 | 423 | 300 | 1-169 | -8308
5 100 0 34 23 (| 398 | 129 | 1-5610 | -4903 | 429 | 294 | 1-185 | -8142
, 956|086 11 || 406 | 122 | 1-537 | -4634 | 432 | 291 | 1-195 | -8044
» 90| 03812 413 | 114 | 1-566 | -4338 | 436 | 287 | 1-206 | 7937
,, 86(0 40 27 || 422 | 106 | 1-600 | -4004 | 441 | 282 [ 1-219 | -7801
» 8004258 (| 432 | 96 |1-637|-3629| 446 | 278 | 1-232 | -7677
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The foregoing table may be considered as affording a
view of the comparative disadvantage of hilly roads with
light and heavy traffic; the stage wagon weighing 6 tons
and travelling at the speed of 3 miles per hour, may be
taken as a fair average for goods traffic, and the stage
coach, weighing 3 tons and running 6 miles an hour, for
passenger traffic. It is shown that the resistance on hills
is much more unfavourable to the wagon than to the
coach. The force which would be requisite to move the
wagon on a level road would be 264 lbs., and that to
move the coach 362 lbs., being an excess of 98 lbs. for the
traction of the coach. But, with a road inclined at the
rate of 1 in 600, this excess is only (373 — 286 =) 87 lbs. ;
and when the inclination of the road amounts to about
1in 70, the forces required to draw them become equal.
As the inclination of the road increases beyond this, the
excess of force requisite to draw the waggon over that
necessary to move the coach, increases rapidly until, at an
inclination of 1 in 7, it amounts to (2162 — 1308 =)
854 1bs.

Comparing the forces required to draw either the wagon
or the coach up and down any given incline, the former is
as much greater than the force required on a level road as
the latter is less. It might thence be concluded that, when
a vehicle passes alternately each way along the road, no
real loss is occasioned by the inclination of the road, since
as much poweris gained in the descent of the hill as is lost
in its ascent.  Such is not, however, practically the fact,
for whilst it is necessary in the ascending journey to have
either a greater number of horses, or more powerful horses,
than would be requisite if the road were entirely level, no
corresponding reduction can be made in the descending
journey. There must be horses sufficient to draw the vehicle
along the level portions of the road; nor, generally speak-
ing, have the horses less to do in descending the hill,
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since they frequently are required to push back, to prevent
the speed of the coach from being accelerated to a rate
beyond the limits of safety.

In a practical sense, therefore, it may be considered that
the fifth and ninth columns in the foregoing table express
the length of level road which would be equivalent to a
mile of road with the stated inclination, the fifth giving
the result for heavy traffic, and the ninth for passenger
traffic. For instance, against the incline 1 in 75, there is
a length of 1:247 miles, or about a mile and a quarter, in
the ninth column, given as the equivalent length of level
road for 1 mile of ascent on the incline, in the sense that
the same quantity of work of traction would be requisite
to move a coach of 3 tons, at a velocity of 6 miles per hour,
along one as along the other. But, in other respects, the
incline might be more advantageous than the level; for
instance, the shorter road would cost less for repair, and
would be passed over in less time. The table, therefore,
merely expresses the equivalent length as far as the
mechanical work required for the traction is concerned.

From the results of Sir John Macneil’s experiments on
tractional resistance, page 52, Professor Mahan deduces
that the angle of repose in the first case is represented
by 2333 or,1 in 68 nearly; and that the slope of the
road should therefore not be greater than one perpen-
dicular to sixty-eight in length; or that the height to be
ascended must not be greater than one sixty-eighth of the
distance between the two points measured along the road,
in order that the force of friction may counteract that of
gravity in the descent of the road.

A gimilar calculation will show that the angle of repose
in the other cases will be as follows :—

No. 2, . . .1 to 35 nearly.
.8 . . . 1tols ,
,, 4and ), . . 1to49 ,,
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These numbers, which give the angle of repose between
1 in 35 and 1 in 49 for the kinds of road-covering, Nos.
2 and 4, in most ordinary use, and corresponding to a
road-surface in good order, may be somewhat increased,
to from 1 in 28 to 1 in 33, for the ordinary state of the
surface of a well-kept road, without there being any neces-
sity for applying a brake to the wheels in descending, or
going out of a trot in ascending. The steepest gradient
that can be allowed on roads with a broken-stone covering
is about 1 in 20, as this, from experience, is found to be
about the angle of repose upon roads of this character in
the state in which they are usually kept. Upon a road
with this inclination, a horse can draw, at a walk, his usual
load for a level without requiring the assistance of an
extra horse; and experience has further shown that a
horse at the usual walking pace will attain, with less
apparent fatigue, the summit of a gradient of 1 in 20 in
nearly the same time that he would require to reach the
same point on a trot over a gradient of 1 in 33.

A road on a dead level, or one with a continued and
uniform ascent between the points of arrival and departure,
where they lie upon different levels, is not the most favour-
able to the draft of ‘the horse. Each of these seems to
fatigue him more than a line of alternate ascents and
descents of slight gradients; as, for example, gradients of
1 in 100, upon which a horse will draw as heavy a load
with the same speed as upon a horizontal road.

The gradients should in all cases be reduced as far as
practicable, as the extra exertion that a horse must put
forth in overcoming heavy gradients is very considerable ;
they should, as a general rule, therefore, be kept as low at
least as 1 in 33, wherever the ground will admit of it.
This can generally be effected, even in ascending steep
hill-sides, by giving the axis of the road a zig-zag direc-
tion, connecting the straight portions of the zig-zags by
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circular arcs. The gradients of the curved portions of the
zig-zags should be reduced, and the roadway also at these
points should be widened, for the safety of vehicles descend-
ing rapidly. The width of the road may be increased about
one-fourth, when the angle between the straight portions
of the ziz-zags is from 120° to 90°; and the increase should
be nearly one-half where the angle is from 90° to 60°.

Nore sy THE EDpIToR.—Sir John Macneil, in 1836,
maintained that no road was perfect unless its gradients
were equal to or less than 1in 40, In thus limiting the
ruling gradient to1 in 40, he justifies the assertion by
the much greater outlay for repair on roads of steeper
gradients. For instance, he adduces as a fact not generally
known, that if a road has mno greater inclinations than
1 in 40, there is 20 per cent. less cost for maintenance than
for a road having an inclination of 1in 20. The additional
cost is due not only to the greater injury by the action of
horses’ feet on the steeper incline, which has already been
noticed, but also to the greater fatigue of the road by the
more frequent necessity for sledging or braking the wheels
of vehicles in descending the steeper portions.

Professor Mahan, it has been seen, page 62, recom-
mends, as a general rule, that the gradients should be
kept as low as 1 in 33; whilst M. Dumas, engineer-in-
chief of the French Ponts et Chaussées, writing in 1843,*
recommended, as & maximum rate of inclination, 1 in 50;
for, he says, ‘“not only are the surfaces of steeply-inclined
roads subjected to abrasion by the feet of horses clambering
up the hill, but, in the intervals of rest, loose stones are
placed as props behind the wheels of vehicles, which are
usually allowed to remain where they have been tempo-
rarily placed, and may be the causes of serious accidents.”

¢ ¢ Annales des Ponts et Chaussées,” 2nd series, 1 Semestre, 1843,
page 343.

-
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Besides, he states as the result of experience, that on
‘broken-stone roads, in perfect condition, the resistance to
traction is 1-50th of the gross weight, or 45 lbs. per
ton, for which the angle of repose is 1 in 50; and he adds,
with scientific acuteness, ¢‘ that for the ascent of an incline
of 1 in 50, the traction force required is just double that
which is required on the level.” ¢ Evidently,” he continues,
“ there is no danger, under such conditions, in making the
descent, since it requires but the slightest effort to check
the vehicle ; whilst, in ascending, the horses can, without
trouble, exert double the customary force for a short time.”
In fact, horses can easily enough surmount gradients of
more than 3 per cent., or 1 in 33, at a trot, on roads in
mediocre condition.

M. Dupuit recommends for the maximum gradients of
roads—

For metalled roads . . 3 per cent. or 1 in 33
For pavements . . .2 " 1ia 50

It can but be observed, upon the foregoing evidence,
that Sir John Macneil’s proportion of 1 in 40 for the
maximum slopes of roads, is most nearly an average of the
deductions which have been cited.

But there is another condition—the minimum longi-
tudinal slope of a road. It should not be quite level, for
provision must be made, by inclining the road, for running
off surface-water. The minimum slope is fixed by one
authority at 1 in 80; by another, at half a degree, or 1 in
115; and by the Corps des Ponts et Chaussées, at 1 in 125.

In the Second Part of this work, by the Editor, he has
given an analysis of the Rolling or Circumferential Re-
sistance of Wheels.



CHAPTER IV.
ON THE SECTION OF ROADS.

‘WaERE hills or gradients are unavoidable, they should be
made as easy as possible; and, although a certain amount
of additional power must be required to draw a carriage
up a hill, compared with the resistance on a level, yet so
long as the inclination is within a certain limit, the hilly
road may be considered as safe as a level road. This limit
depends upon the nature and condition of the surface of
the road, and it is attained in any particular case when
the inclination of the road is made equal to the limiting
angle of resistance for the materials composing its surface ;
that is, when it is such that a carriage once set in motion
on the road, would just continue its descent without any
additional force being applied. When this Limit is ex-
ceeded, the carriage descends with an accelerated velocity,
unless the horses or other force be employed to restrain
it ; and, although, in such a case, the use of a drag, by
increasing the resistance, would in a measure obviate the
danger, yet the injury done to the surface of the road by
the use of the drag renders it desirable to avoid the use of
it altogether. The following table, taken from the second
volume of the ‘‘Rudiments of Civil Engineering,” shows
the rate of inclination at which this limit is attained on
the various kinds of roads mentioned in the first column.
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The values of the resistances on which this table is calcu-
lated are those given by Sir John Macneil :—

g9
R o
.| @ "-u'g
g | 9E5
Description of the road. ge | 8 | 288
S8 | w8 | g 8
E=R] 8 )
HIE IR
SR
. < !
‘Well-laid pavement b . 33 | 056 | 1in68
Broken stone surface on a ottom 0 .
rough pavement or concrete . 46 | 111 ) 1in49
Brlt.)g?;x stc:ne surffwe laud.on an o.ld ﬂmt } 65 | 140/ 1in34
Gravel road . . . .| 147 |3 46| 1in1b

The following table of gradients is of considerable value

in laying out and arranging roads. The first column con-

* tains the gradient, expressed in the ratio of the height to
the length ; the second and third columns contain the ver-
tical rise in a mile and a chain respectively; the fourth
column, the angle of inclination with the horizon ; and the
last column, the sine of the same angle, which is inserted
for facilitating the calculation of the resistances occasioned

by the gradient.
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TasLE No. 5.—GRADIENTS AND ANGLES OF INCLINATION oF RoADs.
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Width and Transverse Section of Roads.—It is recom-
mended that roads should be wide. It is an error to
suppose that the cost of repairing a road depends entirely
upon the extent of its surface, and increases with its width.
The cost per mile of road depends more upon the extent
and the nature of the traffic; and it may be asserted,
generally, that the same quantity of material is necessary
for the repair of a road, whether wide or narrow, subjected
to the same amount of traffic. On the narrow road, the
traffic, being confined very much to one track, the road
would be worn more severely than when the traffic is
spread over a larger surface. The expense of spreading
the material over the wider road would be somewhat
greater, but the cost for material might be taken as
the same. One of the advantages of a wide road is, that
the air and the sun exercise more influence in keeping its
surface dry than that of a narrow road. The first cost of
a wide road is certainly greater than that of a narrow
road,—nearly in the ratio of the widths.

For roads situated between towns of importance, and
exposed to much traffic, the width should not be less than
30 ft., which would admit of four vehicles abreast; besides
a footpath of 6 ft. In the immediate vicinity of large
towns and cities, the width should be greater.

The form of the cross section of a road is a subject of
much importance, and it is one upon which much difference
of opinion exists. Some persons advocate & considerable
degree of curvature in the upper surface of the road, with
the view of facilitating the drainage of its surface; whilst
others are averse to a road being much curved. It is the
practice of others, again, to form the road on a flat surface
transversely ; whilst others give a dip to the formation-
surface each way from the centre, supposing that the
drainage of the road is thereby facilitated. ‘

The only advantage resulting from the curving of the
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transverse section of the road is, that the water, which
would otherwise collect upon its surface, is allowed to drain
freely off into the side ditches. It has been urged that,
in laying on fresh material upon a road, it is necessary to
keep the centre much higher than the sides; because, in
consequence of the greater number of carriages using the
middle of the road, that portion wears more quickly than
the sides, and that, unless it is made originally much
higher, when so worn it necessarily forms a hollow or
depression, from which water cannot drain. Now it is
entirely overlooked by those who advance this argument,
that the cause of carriages using the middle in preference
to the sides of a road, is its rounding form, since it is only
in that situation that a carriage stands upright. If the
road were comparatively flat, every portion would be
equally used ; but on very convex roads, the middle is the
only portion of the road on which it is safe to travel. On
this subject, Mr. Macadam remarks, in his evidence before
a committee of the House of Commons,* “I consider a
road should be as flat as possible with regard to allowing
the water to run off it at all, because a carriage ought to
stand upright in travelling as much as possible. I have
generally made roads 3 in. higher in the centre than I
have at the sides, when they are 18 ft. wide; if the road
be smooth and well made, the water will run off very
easily in such a slope.” And, in answer to the question,
“Do you consider a road so made will not be likely to
wear hollow in the middle, so as to allow the water to
stand, after it has been used for some time ?”’ he replies,—
“No; when a road is made flat, people will not follow the
middle of it as they do when it is made extremely convex.
Gentlemen will have observed that in roads very convex,
travellers generally follow the track in the middle, which

® Parliamentary Report on the Highways of the Kingdom, 1819,
page 22.
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is the only place where a carriage can run upright, by
which means three furrows are made by the horses and
the wheels, and water continually stands there; and I
think that more water actually stands upon a very convex
road than on one which is reasonably flat.”” On the same
subject, Mr. Walker remarks,* ‘A road much rounded is
dangerous, particularly if the cross section approaches
towards the segment of a circle, the slope in that case not
being uniform, but increasing rapidly from the nature of
the curve, as we depart from the middle or vertical line.
The over-rounding of roads is also injurious to them, by
either confining the heavy carriages to one track in the
crown of the road, or, if they go upon the sides, by the
greater wear they produce, from their constant tendency
to move down the inclined plane, owing to the angle
which the surface of the road and the line of gravity of
the load form with each other; and, as this tendency is
perpendicular to the line of draught, the labour of the
horse and the wear of the carriage wheels are both much
increased by it.” +

The drainage of the surface of the road is then the only
useful purpose answered by making it convex. But the
surface of a road is much more efficiently drained by a
small inclination in the direction of its length, than by a
much greater transverse slope. On this subject, Mr.
Walker has very justly remarked,} ¢ Clearing the road of
water is best secured by selecting a course for the road
which is not horizontally level, so that the surface of the
road may, in its longitudinal section, form, in some degree,
an inclined plane; and when this cannot be obtained,
owing to the extreme flatness of the country, an artificial

* Parliamentary Report, 1819, page 49.
+ Remarks on the evils of “ barreled roads,”” as they were called,

have been made in the Historical chapter, pago 4.—EDIiToR.
1 Parliamentary Report, 1819, page 48.
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inclination may generally be made. When a road is so
formed, every wheel-track that is made, being in the line
of inclination, becomes a channel for carrying off the water
much more effectually than can be done by a curvature in
the cross section or rise in the middle of the road, without
the danger or other disadvantages which necessarily attend
the rounding a road much in the middle. I consider a fall
of about 13 inches in 10 feet to be a minimum in this case,
if it is attainable without a great deal of extra expense.”
‘Whilst, then, the advantages attending the extreme con-
vexity of roads is so small, the disadvantages are consider-
able. On roads so constructed, vehicles must either keep
to the crown of the road, and so occasion an excessive and
unequal wear of its surface, or use the sides, with the
liability of being overturned. The evidence of coach-
masters and others, taken before the committee of the
House of Commons, and appended to the report already
quoted from, fully bears out the view here taken, and
shows that many accidents have arisen from the-practice
of forming roads with an excessive amount of convexity.
‘With reference to the above remarks, it is only intended
to express disapproval of the practice of forming roads
with cross sections rounding in an extreme degree and
not to advocate a perfectly, or nearly, flat road, as many,
who have fallen into the opposite error, have done. It is
recommended, as the best form which could be given to a
road, that its cross section should be formed of two straight
lines inclined at the rate of about 1 in 30, and connected
at the middle or crown of the road by a segment of a
circle, having a radius of about 90 feet. This form of
section is shown in Fig. 22, and the rate of inclination
there given is quite sufficient to keep the surface of a
road drained, provided it is maintained in good order,
free from ruts. If the maintenance is neglected, no
degree of convexity which can be given to the road will
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be of any avail, as the water will remain in the hollows or

furrows.
The form of cross section here suggested is equally

adapted to all widths of road, as the straight lines have
merely to be extended at the same rate of inclination,
until they meet the sides of the road.

Professor Mahan is of the same opinion with respect to
the proper section of a road—namely, that it should be
formed of two straight sides, connected at the middle by a
flat circular arc. The slope which he recommends is 1 in
48, or 1 inch in 4 feet.

‘With regard to the form which should be given to the
bed upon which the road is to be formed, a similar dif-
ference of opinion exists as to whether it should be flat
or rounding. Except where the surface upon which the
road is to be formed is a strong clay, or other soil imper-
vious to water, no benefit results as far as drainage is con-
cerned, in making the formation-surface or bed of the road
convex. It should be borne in mind that, after the road
materials are laid upon the formation-surface, and have
been for some time subjected to the pressure of heavy
vehicles passing over them, they become, to a certain
extent, intermixed : the road materials are forced down
into the soil, and the soil works up amongst the stones,
and the original line of separation becomes entirely lost.
If the surface upon which the road materials are laid
were to remain a distinct flat surface, perfectly even and
regular, into which the road materials could not be forced,
then it would be useful to give such an inclination
to it as would allow any water which might find its way
through the crust or covering of the road, to run off
to the sides. Even so, it would have to force a passage
between the road materials and the surface on which
they rest. Such is, however, far from being the case ;
and, therefore, unless under peculiar circumstances, no
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water which finds its way through the hard compact surface
of the road itself is arrested by the comparatively soft sur-
face of its bed, and carried off into the side ditches, what-
ever the slope which might be given to the bed. While,
however, it is believed, that, as far as drainage is con-
cerned, it is useless to form the bed or formation surface
of the road with a transverse slope, it should, nevertheless,
be formed to the same outline as that recommended for the
outer surface ; making the two surfaces parallel, and thus
bestowing an equal depth of road material over every
portion of the road. Nevertheless, some road-makers not
only recommend a less depth of road materials to be put
on the sides than on the middle of the road, but they
further advise that an inferior description of material
should be employed at the sides. On this subject the
following remarks of Mr. Hughes are very much to
the purpose:*¥—¢“A very common opinion is, that the
depth of material in the middle of the road should be
greater than at the sides, but, for my part, I have never
been able to discover why the sides of the road should be
" at all inferior to the middle in hardness and solidity. On
the contrary, it would be a great improvement in general
travelling, if carriages could be made to adhere more
strictly to the rule of keeping the proper side of the road’;
and the reasonable inducement to this practice is, obvi-
ously, to make the sides equally hard and solid with the
middle. In many roads, even where considerable traffic
exists, the only good part of the road consists of about
8 or 10 feet in the middle, the sides being formed with
small gravel quite unfit to carry heavy traffic; and the
consequence is, that the whole crowd of vehicles is forced
into the centre track of the road; thus at least doubling
or trebling the wear and tear which would take place if

& «The Practice of Making and Repairing Roads,” by Thomas

Hughes, 1838, page 12,
E
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the sides were, as they ought to be, equally good with the
centre. Another mischievous consequence is, that when it
becomes necessary to repair the centre of the road, the
carriages are driven off the only good part on to the sides,
which consist of weak material, and are often even dan-
gerous for the passage of heavily-laden stage coaches. On
the other hand, if equal labour and materials be expended
on the whole breadth of the road, it is evident that the
wear and tear will be far more uniform; and when any
one part requires repair, the traffic may with safety be
turned on to another part. Hence, I should always lay on
the same depth of material all over the road: and this
alone will of course render it necessary to curve the bed
of the road.”

Great attention should be paid to the drainage of roads,
with respect to their upper surface as well as to the sur-
face of the ground on which they rest. To promote the
surface-drainage, the road should be formed with the
transverse section shown in Fig. 22, and on each side of
the road a ditch should be formed of sufficient capacity to
receive all the water which can fall upon the road, and it
should be of such a depth and with such a declivity as to
conduct the water freely away. When footpaths are to be
constructed on the sides of the road, a channel or water-
course should be formed between the footpaths and the
road, and small drains, formed of tiles or earthern tubes,
such as are used for underdraining lands, should be laid

. under the footpath, at such a level as to take off all the
water which may collect in this channel, and convey it
into the ditch. In the best-constructed roads, these side
channels are paved with flints or pebbles. The drains
under the footpath should be introduced about every
60 foet, and should have the same inclination—namely, 1
in 30, as is recommended for the sides of the road, as
shown in Fig. 22, A greater inclination would be objec-
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tionable. It is a very frequent mistake to
give too great a fall to small drains, for such
a current through them is produced as may
wash away or undermine the ground around
them, and ultimately cause their destruction.
‘When a drain is once closed by any obstruc-
tion, no amount of fall which could be given
to it would suffice again to clear the passage ;
whilst a drain having a considerable current
through it, would be much more likely to be
stopped by foreign matter carried into it, than
a drain with a less rapid stream.

‘When the surface of a road, constructed of
suitable materials, compactly laid, is drained
in the manner which has just been described,
;ery little water finds its way to the sub-
stratum. For some descriptions of soil, how-
ever, it is desirable to adopt additional means
for maintaining the foundation of a road in a
dry state; as, for instance, when the surface
is ‘a strong clay through which no water can
percolate, or when the ground beneath the road
is naturally of a soft, wet, or peaty nature ,
Under such circumstances a species of under-
drainage should be provided. When the sur-
face of the ground is formed to the level
intended for the reception of the road materials,
trenches should be cut across the road from a
foot to eighteen inches in depth, and about a
foot wide at the bottom, the sides being sloped
as shown in Fig. 23. The distances at which
these drains should be formed depends in a
great measure on the nature of the soil; in the
case of a strong clay soil, or a soil which is
naturally very wet, there should be a cross
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drain at intervals of 20 ft. As the ground becomes firmer
and drier, the interval may be increased in length. A drain
not less than 4 inches square internally should be formed in
the trench, of old bricks, drain-tiles, or flat stones, as shown
in Fig. 23; or the drain may be formed by any other mode
used for under-drains; and the remainder of the trench
should be filled with coarse stones free from all clay or

Formation Surface.

Fig. 23.

dirt, in the manner shown in the figure. These draing
must have a fall from the centre of the road into the ditches
on either side: an inclination of 1 in 30 will be sufficient.
‘When the road is level in the direction of its length, the
. drains should run square across ; but, on inclined portions
of the road, the drains should be formed, as shown on the

Fig. 24.

plan, Fig. 24, somewhat in the form of a very flat V, the
apex being in the middle of the road, and the limbs making
an obtuse angle with the line of the road, in the direction
in which it falls. The amount of this angle should not be
less than is shown in Fig. 24.

‘When a road with foothpaths is underdrained in the
manner just described, it is not necessary to form drains from
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the side channel under the foutpath into the
ditch, as shown in Fig. 22. It is sufficient to
carry up a little shaft, constructed in the same
way as the drain, from the drain to the chan-
nel, covering the shaft with a small grating
to prevent leaves or other substances, which
might choke the drain, from being carried into
it. This method of forming the drains is
shown at A in Fig. 25.

The footpath should be not more than 9
inches higher than the bottom of the side chan-
nel. The surface of the footpath should have
a pitch of 2 inches, towards the side channels,
to convey its surface-water into them. When
the natural soil is firm and sandy, or gravelly,
its surface will serve for the footpath; but in
other cases the natural soil must be thrown
out to a depth of 6 in., and the excavation filled
with fine clean gravel. To prevent the foot-
path from being damaged by the current of
water in the side channel, its side slope, next
to the side channel, must be protected by a
facing of good sods, or of dry stone.

Independently of the drainage for marshy
soils, they will require, when the subsoil is of
a spongy elastic nature, an artificial bed for
the road-covering. This bed may, in some
cases, be formed by simply removing the
upper stratum to a depth of several feet, and
supplying its place with well-packed gravel,
or any soil of a firm character. In other
cases, when the subsoil yields readily to the
ordinary pressure that the road-surface must
bear, a bed of brushwood from 9 to 18 in.
in thickness, must be formed to receive the

Materials
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soil on which the road-covering is to rest. The brush-
wood should be carefully selected from the long straight
slender shoots of the branches or undergrowth, and be
tied up in bundles, termed fascines, from 9 to 12 in. in
diameter, and from 10 to 20 ft. long. The fascines are
laid in alternate layers crosswise and lengthwise, and the
layers are either connected by pickets, or else the withes,
with which the fascines are bound, are cut to allow the
brushwood to form a uniform and compact bed.

This method of securing a good bed for structures on a
weak wet soil has been long practised in Holland, and
experience has fully tested its excellence.



CHAPTER V.
ON REPATIRING AND IMPROVING ROADS.

TeE improvement of existing roads may be divided into
two distinet branches; namely, the improvement of their
general course and levels, and the improvement of the
materials of the road. The first of these consists in the
application of the principles which have been laid down for
the construction of new roads, and consists generally in
straightening their course by extinguishing unnecessary
curves and bends; improving their levels by either avoid-
ing or cutting down hills, and embanking valleys ; increas-
ing their width, where requisite, and rendering it uniform
throughout.

With regard to the improvement of the surface, the
operations may consist in reducing the transverse section
to the form shown in Fig. 22, page 75, filling up all ruts,
cleansing and deepening, if necessary, the side ditches,
cutting down trees or hedges by the side of the road,
. removing mud-banks which but too often exist on the
road-sides, and placing proper materials on its surface.

Of all these, the most important to explain, because the
most difficult to effect, and the least generally understood,
is the method by which the condition of the surface of the
road may be improved. In the practice of many surveyors,
the remedy for a bad road is to heap on fresh material;
whereas, as Mr. Macadam has very justly observed*
‘ Generally, the roads of the kingdom contain a supply

¢ Parliamentary Report, 1819, p. 21.
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of materials sufficient for their use for several years, if
they were properly lifted and applied.” Generally speak-
ing, the cause of inferiority is the imperfect -transverse
form of the roads, and the improper manner in which the
road-materials are used. The remedial measures to be
adopted must, in a great degree, depend upon the nature
of the materials composing the upper surface of the road ;
but, whatever these may be, the road must be brought to
the proper form of section before much improvement can
be expected. This should be done by cutting down those
parts which are too high, and raising the depressed parts.
But where the surface of the road is so rotten or brittle
that the materials lifted are not fit to be again used, the
renewal may be done gradually, and rather by the addition
of fresh material to the lowest parts. Unless the materials
of which the road has been formed are found to be brittle
or rotten, or to be already very thin, the course to be pur-
sued is that which is technically termed ¢ lifting the road,”
which consists in loosening and turning the surface of the
road to a depth of about 4 in., and carefully removing such
portions of the materials as may be found in an improper
state; such as large stones, which should be broken into
pieces of the proper dimensions, and then restored to the
road. Where, however, the materials of the road are of
such a nature that in lifting they would crumble or fall to
powder, a different mode of proceeding must be adopted :
the surface of the road must be carefully cleared of mud
and dirt, and fresh material, prepared as described in the
preceding chapter, should be laid on in a very thin coat,
never exceeding at one time 3 inches, and, under ordinary
circumstances, not more than 2 inches in thickness. 'Where
the surface of a road, although hard, is found to be very
thin, it is necessary, instead of lifting the old materials, to
" add & fresh coat; and, preparatory to doing this, it is
well to loosen the surface of the road with a pick, so that
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the new material may become more rapidly incorporated
with the old material.

Autumn is the best season of the year for repairing
roads, when the}Xare in a wet state, for the depressed and
soft parts of the foad are then not only the most readily
detected, but the surface of the road is softer, and the new
materials are more easily worked into it. As was observed,
the quantity laid on at one time should never exceed
3 inches in depth ; and, generally speaking, a half, or even
a third, of this thickness would suffice, if judiciously em-
ployed. It is certain that roads are more frequently spoilt
by having too much material put upon them than by having
too little. On this subject Mr. Penfold, whose experience in
road-making cannot be questioned, remarks:—*It is one
of the greatest mistakes in road-making that can be com-
mitted, to lay on thick coats of materials, and when under-
stood, it will no longer be resorted to. If there be substance
enough already in the road, which, indeed, should always
be carefully kept up, it will never be right to put on more
than a stone’s thickness at a time. A cubic yard, nicely
prepared and broken, as before described, to a rod super-
ficial, will be quite enough for a coat, and will be found to
last as long as double the quantity put on unprepared and
in thick layers. There is no grinding to pieces when so
applied ; the angles are preserved, and the material is out
of sight and incorporated in a very little time. Each stone
becomes fixed directly, and keeps its place: thereby escap-
ing the wear and fretting which occur in the other cage.” *

Although autumn is the best time of the year for repair-
ing roads, it is not to be assumed that it is the only season
for executing repairs. Roads should, so to speak, be
always under repair: every road should be divided into
lengths, on each of which an intelligent labourer, who

# « A Practical Treatise on the best Mode of Making and Repairing
Roads,” p. 15. i

E 2 "
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thoroughly understands his business, should be placed, to
attend constantly and at all times to the state of the road,
for which he should be held responsible. His duty should
consist in keeping the road always scraped clean and free
from mud, in filling any ruts or hollow places, the moment
they make their appearance, with broken stones. A supply
of broken stones should be kept in depdts or recesses formed
at the sides of the road at intervals of a quarter of a mile.
The depéts should be capable of containing about 30 cubic
" yards of material, and should be formed with walls, so
that the quantity of material in them can be easily mea-
sured. Egch man should be provided with a wheelbarrow,
a shovel, a pickaxe, and a scraper. As autumn approaches,
additional labourers should be engaged ; but the constant
labourers should alone be responsible for the good order of
the road.

Not only should the mud formed in wet weather be
carefully scraped off from the surface to the sides, and re-
moved altogether as soon as it becomes sufficiently solid,
but in dry weather the roads should be constantly and
regularly watered. After a long season of drought, the
surface of a road becomes, as it were, baked : and in this
state, being brittle, it is quickly injured and worn to dust
by constant traffic. But a regular and moderate supply of
water entirely obviates this undue wear, and preserves the
road in a proper state. Care should be taken that the
" water is properly applied, as much injury may be done by -
the water being discharged in too great quantity, or un-
evenly distributed. @The manner in which the water
should be poured upon the road should resemble, as nearly
as possible, a gentle shower of rain. The system of water-
ing roads in particular conditions, even in winter, has been
practised with advantage, as is shown by the following ex-
tract from the evidence of Mr. Benjamin Farey, surveyor
of the Whitechapel Road, before the Committee of the
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House of Commons :—¢‘ The wheels stick to the materials,
in certain states of the road, in spring and autumn, when
it is between wet and dry, particularly in heavy foggy
weather, and after a frost ; by which sticking of the wheels
the Whitechapel Road is often, in a short time, dreadfully
torn up and loosened ; and it is for remedying this evil
that I have, for more than eight years past, occasionally
watered the road in winter. As soon as the sticking
and tearing-up of the materials is observed to have com-
menced, several water-carts are employed upon these parts
of the road, to wet the loamy and glutinous matters so
much that they will no longer adhere to the tire of the
" wheels, and to allow the wheels and the feet of the horses
to force down and again fasten the gravel-stones; the
traffic, in the course of from four to twenty hours after
watering, forms such a sludge on the surface as can be
easily raked off by wooden scrapers, which is performed as
quickly as possible ; after which, the road is hard and
smooth. The advantages of this practice of occasional
winter-watering have been great; and it might, I am of
opinion, be adopted with like advantages on the other
entrances into London, or wherever else the traffic is great,
and the gravel-stones are observed to be torn up by stick-
ing to the wheels.”*

Proceeding with a description of the tools or implements
employed in the construction and repair of roads, the most
important of these is the level or plummet-rule used for
forming the true transverse section of the road. It is
shown in Fig. 26, and consists of a horizontal straightedge
or bar A o, having in the centre of its length a plummet
B D, for ascertaining when the straightedge is horizontal.
Thus far it exactly resembles an ordinary bricklayer’s
level. A line is drawn near the end A of the bar, and at
every 4 foet from this line a gauge (4, 4, ¢, d,) is fixed in a

* Parliamentary Report, 1819, p. 40.
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Fig. 26.—Plummet Rules.

dovetailed groove, in
such a way as to be ca-
pable of being moved
up or down, so as to
adjust the depth of its
lower end below the
horizontal line of the
bottom of the straight-
edge; and there are
thumb screws (one of
which is shown on an
enlarged scale in Fig.
27) passing through
each gauge, by tighten-
ing which the gauge
can be fixed when so
adjusted. 'When the
bottoms of the gauges
a, b, ¢, and d, have been
adjusted as shown in
Fig 26, they will coin-
cide with the surface
recommended to be
given to a road 30 feet
in width, and such as is
shown in Fig. 22; and,
in order to ascertain
whether the surface of
any existing road is
constructed to the pro-
per inclination and form,
it is only requisite to
apply the level, which,
when placed perfectly
horizontal, by means of
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the plummet B », should rest upon the road at the lower
extremity of each of the gauges, a, 3, ¢,” and d. For
forming the sides of roads of greater width than 30 feet,
it would be convenient to have a level constructed in the
manner shown in Fig. 28, in which a straightedge about
15 feet long, has & plummet at the centre of its length,
so adjusted that when hanging truly in its place, the lower

Fig. 27.—Gauge.

side of the straightedge should be inclined from a hori-
zontal line at the rate of 1 in 30. ’

The pick used for lifting the surface of roads is shown
in Fig. 29. The bent iron head (a 4) should weigh about
ten pounds, having a large eye in the centre (¢), in which
is fitted the handle, which should be of ash, rather more
than 2 feet in length ; one extremity (a) should be formed

Fig. 28.~Plummet Rule.

like the end of a chisel, while the other (8) should terminate
in a blunt point. Both ends should be tipped with steel.

The most useful form of skovel for road purposes is shown
in Fig. 30. The blade should be somewhat pointed, and
the handle bent, so as to enable the person using it to
bring the blade flat upon the surface of the road without
excessive stooping.

The ordinary wheelbarrows are of ash or elm, with cast-



86 ON REPAIRING AND IMPROVING ROADS.

iron wheels; but they may be made of wrought irom,
which would combine strength and durability with light-
ness. Of whatever material they are con-
structed, they should not exceed 9 inches in
depth, and their sides should be splayed
with a slope of 2 to 1. It is also desirable
to have hooks placed on their sides to re-
ceive a shovel and a pick.
The screens, or sieves, employed for sepa-
rating coarse gravel from hoggin or small
Fig. 20.—Pick, gravel, consist of iron wires or slender rods,
placed at equal distances apart, and fixed in a
frame of wood, the sides of which are raised about 5 inches
above the plane of the wires. In the screens the frames are
rectangular, about 5 feet 6 inches in height
and 3 feet wide, and the wires are stretched
in the direction of its length at distances
varying from } inch to 1} inch, according
to the size of the stone required ; and these
wires are kept in place by others crossing
them at intervals at 5 or 6 inches. When
used, they are placed so that the plane of
the wires is inclined about 30° from the
upright, and the gravel to be screened
being dashed or thrown forcibly against
them, the finer particles pass through and
fall on the further side of the screen, while
the large stones roll down its surface and
fall on the nearest side. The sieves are
somewhat different in form: the frame is
circular, forming a cylinder about 6 inches
TFig. 30.~Shovel. in depth and 20 inches in diameter, and
the wires placed either as already de-
scribed or equally close in both directions, forming a
kind of bottom to thecylinder. The sieve is held hori-

~
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zontally by one man, while the other throws into it a

Fig. 81.—~Hammer.

shovelful of gravel; upon shaking the sieve, the fine

hoggin falls through, leaving the stones
in the sieve, which are then thrown by
the man into anything which may be
placed to receive them. This is gene-
rally the best and cheapest mode of
screening gravel.

The hammers generally employed for
breaking stones are of two sizes, and are
shown in Figs. 31 and 32. The handles
should be of straight-grained ash, and the
iron heads of the weight and form shown
in the drawings; the faces should be
spherical, and case-hardened or steeled.

Fig. 83 represents the ring to be used
for testing the size of the broken stones.
Its internal diameter is 24 inches, and the
largest stones should in all positions be
passable through the ring.

Fig. 34 represents a pronged fork, to be
used instead of a shovel for taking up the
stones to throw upon the road. The ad-
vantages attending its use are, that a man
can take up the stones much more quickly
and more easily than with a shovel, free
from dirt and extraneous matter.

Fig. 82.~Hammer.

It is advantageous to roll the surface of new roads, in
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order to consolidate the material ; and for this purpose a
cast-iron roller is usually employed, about 5 feet wide,
4 feet in diameter, and weighing about 4 tons.

The rakes, which should be employed in filling in ruts
and hollow places in the surface of roads, should
be formed with prongs between 2 and 3 inches
in length, fixed at the distance of three-
quarters of an inch apart, into & wooden head
about 11 inches in length. The handles
should be formed of ash, and should be about Rl;xg; g&;'e !

6 feet in length.

Scrapers are indispensable for preserving roads in a
proper state and free from mud. They are usually con-
structed of wood shod with wrought iron; but it is better

Fig. 84.—Pronged Fork.

to make them entirely of iron. They should be 6 inches in
depth, and about 18 inches in length, and slightly curved at
~pach extremity to prevent the escape of mud at each side.
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Scraping machines have been invented, and are very
generally employed, by means of which the surface of a
road may be scraped much more regularly and quickly
than with the old scrapers. They consist of a number of
iron scrapers, attached to a frame mounted on wheels,
which are so placed that, when the body of the machine is
raised somewhat, the wheels are lifted from the ground,
and the whole weight of the machine is thrown upon the
scrapers, which, upon the machine being drawn across the
road, scrape all the mud from its surface, and carry it to
the sides.

A machine has also been invented by Mr. [now Sir
Joseph] Whitworth, of Manchester, which has been
extensively employed, both there and in London, for
sweeping up the mud from the roads and carrying it
away at once. It consists of a species of endless broom,
passing round rollers attached to a mud cart, and so
connected by cogged wheels with the wheels of the
cart that, when the latter is drawn forwards, the broom
is caused to revolve, and sweeps the mud from the
surface of the road, up an inclined plane, into the cart. The
machine is drawn by one horse; and, by its aid, the roads
are swept much more rapidly and better than by the old
system of scraping, and with less injury to the surface of
the road, and less annoyance to the passengers.



CHAPTER VL

CONSTRUCTION OF ROADS.—FOUNDATION AND
SUPERSTRUCTURE. *

It has been maintained, by Mr. Macadam and others,
that a soft and yielding foundation for a road is better
than one which is firm and unyielding. Mr. Macadam has
stated that he ‘sghould rather prefer a soft one to a hard
one;” and even a bog, ‘“if it was not such a bog as would
not allow a man to walk over it.”* The principles upon
which this opinion was founded were, that the road on the
soft foundation being more yielding or elastic, the materials
of which the covering of the road was formed would be less
likely to be crushed and worn away by the passage of a
heavy traffic over them than when placed on a hard solid.
The contrary opinion is, however, maintained by the largest
number of advocates; and it is certain that there is no more
general cause of bad roads than soft foundations. A firm,
solid, and dry substratum is necessary for the road mate-
rials to rest upon. However good the materials themselves
may be, and however much care may be bestowed upon
the distribution of them, the material and labour are of
no avail unless a good foundation has been prepared. The
outer surface of the road should be regarded merely as a
covering to protect the actual working road beneath, which
should be sufficiently firm and substantial to support the
whole of the traffic to be carried over it. The proper fune-
tion of the road materials is to protect the actual road from

* Parliamentary Report, 1819, p. 23.
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being worn and injured by horses’ feet and wheels, or by
the action of the weather. This lower, or sub-road, as it
may be called, being once properly constructed, would last
for ever, provided that the outer case or covering is re-
newed from time to time, so as to maintain a sufficient
depth for the protection of the sub-road.

Roads may be classed as follows, according to the manner
in which the foundation is formed :—

1st. Roads having no artificial foundation, but in which
the covering materials are laid on the surface of the
ground.

2nd. Roads having a foundation of concrete.

3rd. Roads having a paved foundation.

And each of these might be sub-divided according to the
kind of material employed as a covering.

The first class of roads comprises by far the largest pro-
portion of the roads in this country. But it should only
be employed in cases where the road is not sufficiently
important to warrant any large expenditure, and where
the anticipated amount of traffic is small.

Every care should be taken to make the road as solid as
possible. If the ground is at all of a soft or wet nature,
deep ditches should be cut on each side of the line of the
road, and cross -under-drains should be formed in the
manner already described at page 76. And where the
ground is very soft, a layer of faggots or brushwood, from
4 to 6 inches in depth, should be laid over the surface of the
ground to receive the road materials. For embankments,
or in other situations where the ground has been recently
deposited, the surface should be either rolled or punned,
that is, beaten with heavy beetles, so as to confer upon it
as great a degree of solidity as possible. The same mode
of proceeding should be followed, even where it is intended
to form either a paved or a concrete foundation.

The employment of concrete composed of gravel and
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lime was first proposed by Mr. Thomas Hughes, and the
following remarks upon its use are quoted from his work
on roads :—*

“The use of lime concrete, although an introduction of
modern times, and certainly one of rather a novel charac-
ter, derives its real origin from a very remote period. We
have indisputable evidence that the Romans, in construct-
ing their military ways, particularly in France, adopted the
practice of forming a concrete foundation composed of
gravel and lime, on which also they placed large stones as
a pavement. The consequence of a construction so solid
has been, that, in many parts of Europe, the original bed
or crust of the Roman. roads is not at the present day en-
tirely worn down, even after a lapse of fifteen centuries.

*'With the view of affording a modern example in which
lime concrete has been used, I would refer to the Brixton
Road, where a concrete composed of gravel and lime has
been recently applied by Mr. Charles Penfold, surveyor to
the trust. In this case the proportion of gravel to lime is
that of four to one. The lime is obtained from Merstham
or Dorking, and before being used it is thoroughly ground
to powder. The concrete is made on the surface of the road,
and great care is taken, when the water is added, that every
particle of the lime is properly slaked and saturated. The
bed of concrete having been spread to the depth of 6 inches
over the half breadth of the road, the surface is then
covered over with 6 inches of good hard gravel or broken
stone, and this depth is laid on in two courses, of 3 inches
at a time, the first course being frequently laid on a few
hours after the concrete has been placed on the road. The
carriages, however, are not on any account allowed to pass
over it until the concrete has become sufficiently hard and
solid to carry the traffic without suffering the road material
to sink and be pressed into the body of concrete.. On the

* “The Practice of Making and Repairing Roads,” p. 44.
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other hand, the covering of gravel is always laid on before
the concrete has become quite hard, in order to admit of a
more perfect binding and junction between the two beds
than would take place if the concrete were suffered to be-
come hard before laying on the first covering. The bene-
ficial effect arising from the practice of laying on the gravel
exactly at the proper time is, that the lower stones, pressed
by their own weight, and by those above them, sink par-
tially into the concrete, and thus remain fixed in a matrix,
from which they could not easily be dislodged. The lower
pebbles being thus fixed, and their rolling motion conse-
quently prevented, an immediate tendency to bind is com-
municated to the rest of the material—a fact which must
be evident, if we consider that the state called binding, or
rather that produced by the binding, is nothing more than
the solidity arising from the complete fixing and wedging
of .every part of the covering, so that the pebbles no longer
possess the power of moving about and rubbing against
each other. It is found that, in a very few days after the
first layer has been run upon, the other, or top covering,
may be applied ; and, shortly afterwards, the concrete, and
the whole body of road material, becomes perfectly solid
from top to bottom. The contrast thus presented to the
length of time and trouble required to effect the binding
of road materials where the whole mass is laid on loose
is alone a very strong recommendation in favour of the
concrete.

“The experiment of using concrete on the Brixton Road,
although not at present on a very extensive scale, has been
tried under circumstances very far from being favourable,
and on a part of the road which had hitherto baffled every
attempt to make it solid. Since the concrete has been laid
down, however, there is not a firmer piece of road in the
whole trust.” ]

Mzr. Penfold gives the result of an experiment made by



94 FOUNDATION AND SUPERSTRUCTURE OF ROADS.

him upon the Walworth Road. ‘‘It was raised by nine
inches of concrete, and six of granite and Kentish rag- .
stone mixed ; and in some parts it was covered by rag and
flints. The improvement is so great, with respect to the
draught, and so desirable with respect to the saving in the
annual repair, that the trust have directed it to be applied
to upwards of two miles of road upon which the greatest
traffic exists.” *

One of the principal advantages attending the employ-
ment of concrete as a foundation for roads is, that a good
and solid road may be made with materials, such as round
pebbly gravel, which, on any other mode of application,
would be ill-suited to the purpose, and would form a very
imperfect road. This description of gravel is that which
is by far the most frequently met with. The gravel
selected for this purpose should be free from any kind of
dirt, clay, or other impurity, and should consist of stones
and sand, mixed in about such proportions that the latter
would just fill the interstices of the former. The gravel
should then be mixed with the proper quantity of ground
unslaked lime—in ordinary cases five or six parts of
gravel and one of lime will be found to answer; after
which, sufficient water being added to effect the slaking
of the lime, the whole should be quickly, but thoroughly,
mixed up, and then immediately thrown into place, and
trimmed off at once to the proper form intended to be
given to its upper surface; the first layer of broken stones
or screened gravel should then, as Mr. Hughes directs, be
placed just as the concrete is about to set.

The third mode of forming an artificial foundation was
introduced by Mr. Telford. It comsists in laying a rough
pavement on the top of the formation-surface, which is
afterwards covered by the road materials. The following

¢ Practical Treatise on the best Mode of Making and Repau-mg
Roads "’ by Charles Penfold, p. 31,
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is an extract from one of Mr. Telford’s specifications for a
portion of the Holyhead Road :—* Upon the level bed pre-
pared for the road materials, a bottom course or layer of
stones is to be set by hand, in form of a close, firm pave-
ment ; the stones set in the middle of the road are to be
7 inches in depth: at 9 feet from the centre, 5 inches; at
12 from the centre, 4 inches; and at 15 feet, 3 inches.
They are to be set on their broadest edges lengthwise
across the road, and the breadth of the upper edge is not
to exceed.4 inches, in any case. All the irregularities of
the upper part of the said pavement are to be broken "off
by the hammer, and all the interstices to be filled with
stone chips, firmly wedged or packed by hand, with a light
hammer ; so that when the whole pavement is finished,
there shall be a convexity of 4 inches in the breadth of
15 feet from the centre.” *

The stone which Telford employed for this purpose, was
generally such as would have been totally unfit for most
other purposes, whether on account of its inferior quality,
or the smallness of its dimensions. In comparing the two
methods of forming artificial foundations of roads, regard
must be had to the nature of the materials found in the
locality in which the road is to be formed. Where stone is
plentiful, and easily procured, the paved foundation would
be the best; whilst, where stone is scarce, and gravel
and -lime abundant, the preference must be given to the
concrete foundation.

The foundation of the road having been prepared, the
next proceeding is, to lay a firm and compact covering
upon the foundation, to form a smooth surface for carriages
to travel upon. The materials of which the covering is
composed should possess the property of becoming quickly
united into one solid mass, of which the surface should be
smooth and hard, and at the same time not liable to

* Sir H. Parnell on Roads, p. 133.
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be broken to pieces, or ground into dust, by wheels or
horses’ foet. The materials which have been employed for
this purpose are of two kinds; angular fragments of
broken stone of different sorts, and gravelly pebbles. Itis
essential to the formation of a good road that the distinc-
tion here pointed out be always kept clearly in view,
because a totally different mode of proceeding must be
adopted to form a perfect road with these two classes of
material. The want of attention to the distinction here
pointed out has led to much discussion and misapprehen-
sion on the employment of clay, chalk, or other material,
as a binding upon roads.

If the materials of which the covering is to be formed
are in angular masses, no binding of any description is
requisite; as they quickly become united by dovetailing,
as it were, amongst each other—much more firmly than
they would by the use of any kind of artificial cement.

‘When the stones, instead of being angular, are round
and pebbly, like gravel stones, it is necessary to mix with
them just sufficient foreign matter, of a binding nature, as
will serve to fill up the interstices between the stones, for
otherwise these would roll about, and would prevent the
road from becoming solid.

There are, then, two methods of cementing or solidifying
the surface of a road: one, by the mechanical form of the
materials themselves forming a species of bond ; the other,
by the use of some cementing or binding matter. And in
comparing the relative merits of the two, the preference
must certainly be given to the former, that in which the
stones are united in virtue of their angular form, without
the use of any cementing material. The principal reason
for this preference is, that roads formed with stones so
united, are not materially affected by wet or frosty
weather ; whereas, roads whose surfaces are composed of
pebbly stones united by cementing material, become loose
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and rotten under such circumstances : the cementing mate-
rial becoming softened by the wet, and reduced to a loose
pulverulent condition by subsequent frost.

The first method, that of forming the road-covering
entirely with angular pieces of stone, without any other
material, was first strongly recommended by Mr. Macadam,
and subsequent experience has shown its superiority over
every other which has been employed. The most im-
portant quality in stone for road-making is foughness : mere
hardness without toughness is of no use, as such stone be-
comes rapidly reduced to powder by the action of wheels.
Those stones which have been found to answer this pur-
pose best are, the whinstones, basalts, granites, and beach
pebbles. The softer descriptions of stone, such as the
sandstones, are not fitted for this purpose, being far too
weak to resist the crushing action of wheels. The harder and
more compact limestones may be employed ; but, generally
speaking, the limestones are to be avoided, in consequence
of their great affinity for water, by which in frosty
weather, which has been preceded by wet, they are split
up into powder, when the solidity of the road is de-
stroyed.

Next in importance to the quality of the stone is its
preparation. This consists in reducing it to angular frag-
ments of such a size that they will pass freely through a
ring of 2} inches in diameter, in every direction ; that is,
that their largest dimensions shall not exceed that mea-
sure.

The stone thus prepared, should be evenly spread over
the surface prepared for the foundation of the road, to a
depth of about 6 inches; and the road should then be
opened for traffic. In Mr. Telford’s specifications, he
usually directed that, on the top of this coating of broken
stone, a layer of good clean gravel, about 1} inch in
depth, should be spread before throwing the road open for

F
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use. The reason for this practice was, to lessen the ex-
treme unevenness of the surface, and to render the road
more pleasant to pass over when first opened. It would
be better, however, for the public to put up with the tem-
porary inconvenience of a rough road, because the gravel
does & permanent injury to the road, and reduces in a
considerable degree the facility with which the stones
unite into a compact, solid mass.

Broken stone, being superior to gravel for the purpose
of road-making, should always be employed where it can
be easily obtained. The quality of gravel varies so consider-
ably, that while some kinds may, when properly prepared,
form a very excellent road, others may be entirely worth-
less; such as those kinds of gravel the stones composing
which are of the sandstones and flints, for even flints,
although hard, are so excessively brittle as to be immedi-
ately crushed by the passing of the wheels over them.
The gravel when taken from the pit should be passed over
a screen which will allow all stones less than § of an inch
to pass through it, and the fine stuff, or koggin, as it is
technically termed, thus obtained, should be reserved for
forming the footpaths; the remainder, which has not
passed through the screen, should have all the stones
whose greatest dimension is more than 2} inches removed
and broken, and it would be'desirable that these broken
stones should be reserved for the upper layer. In screen-
ing the gravel, especially as it comes from the pit, a cer-
tain portion of loam is generally found adhering to the
stones, and this should by no means be separated from
them, for, although angular broken stones require no
extraneous substance to cause them to bind, the
pebbles of which most gravel is composed, require a cer-
tain amount of loam, clay, or chalk, to fill up the inter-
stices between the stones, and to prevent them from being
rolled about, as they otherwise would be. The gravel
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thus prepared by screening should be laid on and spread
to a uniform depth of not more than 6 inches over the
whole surface. The road thus finished is thrown open to
the public.

On this subject, Mr. Hughes says :¥—‘Inlaying on this
upper covering many surveyors commit a great error in
not making a distinet difference between angular or
broken stones and those rounded smooth pebbles of which
gravel is usually composed. The former cannot be too
well cleaned before being laid on the road, because, even
when entirely divested of all earthy matter, they soon
become wedged and bound closely together when the pres-
sure of carriages comes upon them. But the case is dif-
ferent with the smooth, round surfaces of gravel; for if
this material be entirely cleaned by means of washing
and repeated siftings, the pebbles will never bind, until
in a great measure they become ground and worn down
by the constant pressure and rubbing against each other.
Before this takes place, the surface of the road must be
considerably weakened, and will, in fact, be incapable of
supporting the pressure of heavy wheels, which conse-
quently sink into it, and meet with considerable resistance
to their progress. Under these circumstances, it seems
that the practice of too scrupulously cleaning the rounded
pebbles of gravel must be decidedly condemned ; and the
question then arises, to what extent should the cleaning
process be dispensed with ? or, in other words, what pro-
portion of the binding material found in the rough gravel,
as taken out of the pit, should be allowed to remain in the
mass intended to be placed on the road? * ¥ ¥ A long
course of experience, accompanied by attentive observa-
tions on these details in the practice of road-making, has
convinced me that it is much better and safer, as a general
rule, to leave too much of the binding material in the

¢ « The Practice of Making and Repairing Roads,’”” p. 1¢.
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gravel than to divest it too completely of this substance.
‘When the gravel is placed on a road without being suffi-
. ciently cleaned, the constant wear and tear, aided by the -
occurrence of wet weather, causes the harder material or
actual gravel to be pressed close together ; and the surplus
of soft binding material remaining after the interstices be-
tween the pebbles are filled up, being then forced to the
top, and usually mixed with water, becomes mud, and
according to the usual practice should be scraped to the
sides of the road. 'When this has been done, the surface
is usually firm and solid; because the hard gravel below
the mud has become perfectly bound, without, at the same

" time, being broken or ground to pieces. Suppose, next,
a road covered with gravel, too much cleaned, where it is
evident that the destruction of the gravel will continue
until it becomes broken into angular pieces, and a suffi-
cient quantity of pulverised material has been formed to
hold the stones in their places and thus to effect the bind-
ing of the mass. I need hardly say, that the deterioration
thus occasioned to the road is an evil of much more im-
portance, and one much more to be avoided, than that
occasioned by employing stones not sufficiently cleaned.
Regardless of all this, however, it is the practice of many
road-surveyors to insist that all gravel, of whatever quality,
shall be rendered perfectly clean by repeated siftings, and
even by washing, until it becomes entirely divested of all
that may properly be considered the binding part of the
material.”

Particular care and attention is required to be given to
new roads when opened for traffic; a sufficient number of
men should be employed to keep every rut raked in the
moment it appears, and guards or fenders should be placed .
on the road, in order that vehicles may be caused to pass
over every part of the surface in turn. If these precautions |
are npt taken, years may elapse before the road attains 8
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firm condition; and many roads have been permanently
ruined through want of sufficient attention when first used.
‘When ruts are once formed, vehicles using the road keep
in the same track, deepening and increasing the rut. In
wet weather, the rut is filled with water, which, having no
other means of escape, slowly penetrates the sides and
bottom .of the rut, rendering them so soft as’ to be more
susceptible to the action of every succeeding carriage.
Ruts thus formed, involve a much larger outlay to repair
the injury than that which would have been sufficient to
prevent it; besides the inconvenience, danger, and ex-
pense to the public, in travelling on a road in such a
condition.

Amongst the substances which were mentioned as bind-
. ing material to be mixed with clean gravel, was chalk.
Many roads have been ruined by its improper use. There
are two modes in which chalk may be advantageously
employed in the construction of roads. It may be laid in
the very bottem of the road, to form the foundation; but it
must be at.such a depth as to be entirely beyond the
influence of frost, otherwise it will quickly destroy the -
road, for chalk has a very powerful affinity for water; or
rather, to speak more correctly, capillary attraction for it,
in consequence of which it readily absorbs all the moisture
which finds its way through the road covering. Herein
consists the value of chalk if judiciously applied, for the
water thus absorbed would otherwise penetrate to the
foundation of the road and render it soft. If, however,
the chalk be placed within the reach of frost, the water,
which is only mechanically held by the chalk, will, in the
act of congealing, expand, and by so doing rend the chalk
into fragments, and reduce it, in fact, to a pulverulent state,
in which condition it is changed by the succeeding thaw
into a soft paste or mud. The other purpose for which
chalk may be employed is, as before mentioned, to be
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mixed with gravel in order to make it bind; though, in
using chalk for this purpose, it is only required when the
gravel is perfectly clean amd free from other binding
matter. The mixing of chalk with gravel already contain-
ing sufficient clay or loam is not only useless, but is posi-
tively injurious; and, even when the gravel is of such
a nature as to require the intermixture of chalk, care
should be taken not to add too much chalk, for it is not
with chalk as with the loam or clay, with which gravel is
naturally combined. Clay, generally speaking, possesses
little power of absorbing water, but the superabundant
chalk would soon be reduced to the state of a soft paste
by the action of the weather, in the manner which has
been described. Chalk, therefore, if used as a binding
material with gravel, on the surface of roads, should be
reduced to a state of powder, and should be perfectly and
thoroughly mixed with the gravel before the latter is spread
on the road. .

Although the use of bushes or bundles of faggots has
been recommended for the foundation of roads over very
soft or boggy ground, they should only be employed in
such a situation, and they should be placed at such a depth
below the surface, as will ensure their always being damp ;
for when they are placed where they would be alternately
wet and dry, they quickly become rotten, and form a soft
stratum beneath the road.

Nore BY THE EprTor.—Mr. Walker,* in 1819, speaking
of the great advantage of filling up or grouting the joints
of granite pavement with lime-water, which finds its way
into the gravel between and under the stones, and forms
the whole into a concrete mass, made a suggestion of value,
in recommending, for the same purpose, a mixture of a

* Evidence before the Select Committee on the Highways of the
Kingdom, 1819.
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little of the borings or clippings of iron, or small scraps of
hoop-iron, with the gravel used in filling up the joints of the
paving. The water would, he said, very soon create an oxide
of iron, and form the gravel into a species of rock. ‘I have
seen,” he adds, “a piece of rusty hoop taken from under
water, to which the gravel had so connected itself, for 4
or 5 inches round the hoop, as not to be separated without
a small blow of a hammer. And the cast-iron pipes which
are laid in moist gravel, soon exhibit the same tendency.”



CHAPTER VII.
PAVED ROADS AND STREETS.

For roads or streets, through towns or cities where the
traffic is considerable, a paved surface is preferable to a
macadamised surface. Macadamised roads in such situa-
tions are exposed to incessant and heavy traffic, their sur-
face is rapidly worn, and it requires constant repair, and
much attention in scraping or sweeping, or in raking-in
ruts. The cost of maintenance is very heavy, whilst there
are frequent interruptions of, or interference with, traffic.
In dry weather, the macadamised road is dusty, and in
wet weather it is covered with mud. The only advantage
which such a road really possesses over a pavement con-
sists in the less noise produced by carriages in passing
over it. .

Several different methods have been employed of forming
the foundations of pavements, such as concrete and broken
stone; but where it can be done, it is perhaps best to lay
the new pavement on the old surface of the road, whether
paved or macadamised, taking care, of course, that its sur-
face has been brought first to an even state, and of the
required form of cross section.

The practice of laying the new pavement on the top of
the old has been a great deal used in Paris, and has there
been found to answer extremely well. It is usual to take
up and relay the old pavement, in order that its surface
may be even and true; after which it is covered with
gravel, on which the new stones are bedded. Mr. Telford

S
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strongly recommended the surface upon which the pave-
ment was intended to be laid to be prepared as though
intended for a macadamised road, and that it should be
used, in that state, by carriages until it had become
thoroughly consolidated ; when the pavement should be
laid on the top of the hard road so formed, the stones
being properly bedded in a kind of coarse mortar. Mr.
Edgeworth, in his work on roads, states that this method
of forming paved roads had been extensively employed in
Dublin, and was attended with considerable success.

In constructing a paved road or street, the following
method should be employed for forming the foundation.
The loose ground at the surface should first be entirely
removed. The depth to which it may be requisite to do
this depends upon the nature of the ground; and, unless
the ground be very solid, it should be removed to such
a depth as will allow of 18 inches of concrete beneath the
pavement. In some situations so great a thickness as
this may not be requisite; but it is better to err rather
in forming too strong a foundation, than in forming one
the failure of which necessitates the taking up and relaying
of the pavement. When the loose ground has been re-
moved, a layer of concrete, prepared in the manner already
described at page 92, should be evenly spread over the
whole area of the intended road. The depth of concrete
should never be less than 12 inches; and, under ordinary
circumstances, it should not be less than 18 inches. Its
upper surface should have the true form of cross section
intended to be given to the road.

t The stone sets should be well bedded upon the concrete

in a kind of coarse mortar, which should also be well filled

in between their joints. For the sets, several of the

harder kinds of stone are used, such as granite, whinstone,

and the very hardest varieties of limestone and freestone.

Of all materials, granite is the best for sets, and more
F3
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particularly those kinds, such as the Guernsey and Aber-
deen, which do not wear smooth and acquire a polished
surface. Smooth wear is a great practical objection attend- -
ing the employment of excessively hard stone. 'With regard
to the form of the stones, experience has shown that the
best form is that of rectangular blocks, from 7 to 9 inches in
depth, depending on the amount and nature of the traffic,
and not more than 3 or 4 inches in width. Until lately, it
was considered better to have stones of much greater width,
under the supposition that, having a larger base, they would
be better able to support the superincumbent weight, but
experience has shown that the narrow stones are much the
better. The stones should be sorted according to their
depths and widths: for, if the stones are of unequal depth,
and the surface of the concrete has been made, as it should
be, even and parallel to the intended surface of the road,
any stones less than the general depth would require more
mortar to be placed under them, and would consequently
settle down more than the others,
—L" and form hollows on the surface of
[T T T T theroad. They should also be sorted
A1 [ 1 | according to their width, so that they
L1 [ I | may run entirely across the street
Fig. 8.—Plan of Pavement. 31, parallel courses, as shown in
Fig. 35, and the stones in each course should be so selected
as to break joint with those in each adjoining course, as
there shown.

A firm and substantial curb should be laid on each side
of the road, to act as an abutment; and, in laying the pave-
ment, the courses should be commenced at each side, and
worked towards the middle; the joints between the stones
of each course should be as thin as possible, and the last
stone should fit tightly, so as to form a kind of key to the
course. After the stones have been set they should be well
rammed down with a heavy punner, and stones which sink
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below the general level should be taken up, and re-packed
underneath. It is not usual to incur the expense of bed-
ding the stones in mortar, in the manner here recom-
mended. The ordinary practice is to pour a thin grouting
of sand and lime over the surface, after the pavement has
been laid, which finds its way, although very imperfectly,
into the interstices between the stones. But, this is mis-
taken economy, for a pavement laid as here described, upon -
a firm concrete foundation, and having the joints perfectly
formed with good mortar, would last almost for ever,
since nothing else than the positive wearing away
and destruction of the stone would render its renewal
necessary.

Paved roads should be watched for a few months after
having been opened for traffic, in order to prevent irre-
gular settlement in the stones, and consequently an uneven
and irregular surface. 'When any portion of the road is
found to settle below the general level, it should be taken
up, and a sufficient quantity of fine concrete put under-
neath it to bring it slightly above the level of the sur-
rounding surface. Great attention should be given to the
manner in which the pavementis re-laid after having been
disturbed for the repair of sewers, water-pipes, or gas-
pipes: the excavated ground, when thrown back, should
be well punned, or beaten down in layers of not more than
a foot in thickness, and at least 18 inches of concrete should
be laid on the top, under the pavement. The surface of
the fresh concrete should be about an inch above the
general level of the concreto, and the stones should be
properly bedded in the manner already described, care
. being taken that the stones correspond in depth and width

with those already in place on either side, and, further-
more, that the last stone, in making good each course, fits
tightly into its place.

In laying pavement in strects having a considerable
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inclination, two methods have been employed to afford a
more sure and perfect hold for the horses’ feet than the
ordinary pavement. The first method is shown in Fig. 36,
and consists in laying between the rows of paving-stones
¢ l a course of slate, rather less than an
gz inch in thickness, and about an inch
Fig. 56 less in depth than the stones. By this
Pavement on Inclines. means a series of small channels or
grooves, about an inch in width and depth, are formed
between the rows of stones, which affords sufficient stay
for the horses’ feet. The other method is somewhat
simpler, and consists in merely placing
AL foloa ] the ordinary paving-stones somewhat
SR ef";ﬁ“‘;""“} canted on their beds, as shown in
Pavement on Tnclines. Fig. 87, so as to form a series of ledges
or steps, against which the horses’ feet being planted, a
secure footing is obtained.
Roadways and streets in cities must be accompanied by
sidewalks, and crossing-places, for foot-passengers. The
sidewalks are made of large flat flag-stones, 3 inches thick,

laid on the ordinary ground, or on gravel, well rammed’

and settled. The proper width of the sidewalks depends
on the amount of the traffic. It would, in all cases, be well
to have them at least 12 feet wide; they are laid at a slope,
or pitch, of 1 inch to 10 feet, towards the pavement, to convey
the surface-water to the side channels. The pavement
is separated from the sidewalk by a row of long slabs,
termed curb-stones, which confine both the flagging and
the paving-stones. They are usually about 12 inches by
from 6 to 10 inches in section, and they are laid, in some
cases, on their side, in other cases ou edge. They form the
sides of the side channels, and they should for this purpose
project a few inches above the outside paving-stones, and
be sunk at least 4 inches below their upper surface.

iLho curb-stones-are flush with the upper surface of

y
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the sidewalks, to allow water to run over into the side
channels.
The crossings should be from 4 to 6 feet wide, and

slightly raised above the general surface of the pavement,
to keep them free from mud.



CHAPTER VIII.
ON HEDGES AND FENCES.

Ix most situations, fences are required to mark the boun-

daries of roads, and separate them from the adjoining
lands. They should be dispensed with wherever it is

possible, for the reason that fences, of whatever kind,

deprive, to a greater or less extent, the surface of the road

of the benefit of free exposure to the action of wind and

sunshine, both of which are essential for maintaining it in

a dry state. Few persons are aware of the extent to

which a road may be injured by high hedges, or lines of
trees. Trees are worse than hedges, because they not

only deprive the road of the action of the air and sun, but

they further injure it by the dripping of rain from their -
leaves, as a consequence of which the road is kept in

a wet state long after it would otherwise have become

dry.

‘When fences are indispensable, they should be placed
as far as may be from the sides of the road, and should be
kept as low as possible. "When there is a deep ditch on
either side of the road, it becomes necessary, to prevent
accident, that the fence should be placed between the road
and the ditch; but, in other situations, the fence should
be placed on the field-side of the ditch. In so doing, the
surface-draining of the road into the side ditches is less
interfered with, and the action of air and sunshine is less
obstructed by the fence.

The different descriptions of fence which may be em-
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ployed are various. In districts where stone is plentiful,
and especially in the immediate neighbourhood of quarries,
where stone rubble can be obtained at a trifling cost, dry
rubble walls, without any mortar, are very good and cheap,
and require little or no repair.

For the road itself, an open post-and-rail fence is the
best which can be employed, because it scarcely impedes
the action of the wind and the sun upon the surface of the
road ; but the great practical objection to timber fences
is, their liability to decay, which occasions frequent and
constant expense for renewal.

The most common, and, all things considered, the most
useful, fence is the quickset hedge. If properly planted,
and carefully attended to for the first few years, a natural
fence may thus be obtained, sufficiently strong to resist
the efforts of cattle to break through, and very economical
in cost for maintenance. A bank or mound of earth, at
least two feet in depth, should be prepared for the recep-
tion of the quicks, which should be three-years plants
which have been transplanted two years. The best kind
of soil is one of a light sandy nature, admitting sufficient
moisture to nourish the plants, and retaining moisture in
dry seasons. Heavy clay soils are not sufficiently pervious
to water, and plants placed in such soils are never found
to thrive. A mixture of peat or of rotten leaves is of great
use, and causes the plants to grow with much vigour.
The quicks are most commonly planted in a single row, at
distances of about 4 inches apart. But a much better hedge
is formed by planting them 6 inches apart, in two double
rows, as shown in Fig. 38, with a space of 6 inches be-

tween the rows,
[+] [} [} [¢] [e]

o o o [} (o} o}
Fig. 88.—Planting Hedges.
and so arranged that the plants in one row are opposite
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the spaces in the other. By this arrangement, although
the plants are really not so crowded, and have more space
round their roots from which to derive nourishment than
in the single row, they form a thicker hedge. The proper
time for planting quicks is during the autumn or the spring,
and, in fine seasons, the operation may be continued during
the whole winter. A temporary fence should be put up to
protect the young plants from injury ; and the fence should
" be retained until the hedge has attained sufficient strength
to require its protection no longer: at the end of a period,
under favourable circumstances, of three or four years after
the quicks are planted. That the plants may thrive, they
must be very carefully attended to at first, and it is essen-
tial that they should be properly cleaned and weeded at
least twice every year. Once every year, towards the end
of the summer, the hedge should be judiciously trimmed,
not to such an extent as to produce stunted plants, but by
merely cutting off the upper and more straggling shoots,
g0 as to bring it to a level and even surface. By proceed-
ing in this manner, a neat, strong, and compact hedge
of healthy plants will be obtained in about three years
after planting.

‘When the hedge or fence is placed between the road and
the side ditches, it is essential that small drains be formed
at least every fifteen yards, to convey the water from the
side tables or gutters, through the fence, into the ditches.

Professor Mahan insists that fences and hedges should
not be higher than 5 feet; and that no trees should be
suffered to stand on the road-side of the side drains, for,
independently of shading the roadway, their roots would
in time throw up the road-covering.

Nore 8Y THE Eprror.—Sir John Macneil proved experi-
mentally, on the Holyhead Road, the unfavourable in-
fluence of close and high hedging in interfering with
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what may be called the ventilation of a road:—keeping it
moist, and incurring excessive draught. By means of his
experiments on tractional resistance, the trustees and the
surveyors of the roads ‘‘ have,” he said, ‘‘ perceived the
defective parts of the road ; and within three months after
the Report of the Parliamentary Commissioners became
public, there was not a hedge on that part of the road
where the draught was shown to be excessive, that was
not cut down, and improved on the surface.”*

Mr, Walker had previously, in 1819, remarked that
nothing is more injurious to roads than the permitting of
high hedges and plantations near them.}

* Report of the Select Committee on Steam Carriages, 1831; p. 103.
1 Report of the Select Committee on the Highways of the Kingdom,
1819.
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CHAPTER IX.
ON TAKING OUT QUANTITIES FOR ESTIMATES.

THE process of making out an estimate for any description
of engineering work may be divided into two distinct parts ;
namely, in the first place, calculating the actual quantity of
each description of work to be executed ; and, in the second
place, affixing to these quantities just and reasonable
prices, such as the work might really be executed for.

In the construction of roads, the principal item of ex-
pense is the earthwork, or the cost of forming the cuttings
and embankments to obtain the required levels for the
formation service, in excavating the ditches and forming
the banks, and in laying on the metalling or ballast to
form the road. Of these different descriptions of work, the
first, namely, the cuttings and embankments, are the only
ones the estimation of the quantity of which is attended
with any difficulty. The others, being generally constant,
are readily obtained by ascertaining the quantity in a
given length, as a yard, and then multiplying that quan-
tity by the total length of the road.

In the calculations of solid contents required in
balancing the excavations and embankments, the most
accurate method consists in subdividing the different solids
into others of the most simple geometrical forms, as prisms,
prismoids, wedges, and pyramids, whose solidities are
readily determined by the ordinary rules for the mensu.
ration of solids. As this process, however, is frequently
long and tedious, other methods requiring less time, but
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not so accurate, are generally preferred, as their results
give an approximation sufficiently near the true for most
practical purposes. They consist in taking a number of
equidistant profiles, and calculating the solid contents be-
tween each pair, either by multiplying the half sum of
their areas by the distance between them, or else by taking
the profile at the middle point between each pair, and
multiplying its area by the same length as before. The
latter method is the more expeditious; it gives less than
the true solid contents, but a nearer approximation than
the former, which gives more than the true solid contents,
whatever may be the form of the ground between each
pair of cross profiles.

In calculating the solid contents, allowance must be
made for the difference in bulk between the different kinds
of earth when occupying their natural bed and when made
into embankment. From some careful experiments on
this point made by Mr. Elwood Morris, published in the
Journal of the Frankiin Institute, it appears that light
sandy earth occupies the same space both in excavation
and embankment; clayey earth about one-tenth less in
embankment than in its natural bed ; gravelly earth about
one-twelfth less; rock in large fragments about five-
twelfths more, and in small fragments about six-tenths
more.

The calculation may often be simplified by considering
the slopes apart from the trunk or main body of the cut-
ting. For example, let Fig. 39 be the section of a cutting,
A D being the natural surface of the ground ; then if B ¢ is
the width of the formation surface, B¢ ¥ & will be the trunk
or central portion of the cutting, and A EB, Fcp, will be
the side slopes. Now, the width of the first is constant,
being the formation width, while its depth varies as the
depth of the cutting ; and therefore its cubic content for a
given length forward is directly proportional to the depth
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of the cutting. If, for instance, the line ¢ m were the
natural surface of the ground instead of A », the cutting
being now twice as deep as before, the cubic content of the
trunk 1 B ¢ x would be twice as great as thatof EBc F.

G T K H
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Fig. 89.—Section of & Cutting.

But the cubic content of the slopes increases in the pro-
portion of the square of the depth of the cutting, as is evi-
dent from the figure, in which 1 B being #wice as great as
* E B, the volume of the slope @ 1 B is four times as great as
A E B, the triangles 4, b, ¢, and ¢ being evidently equal.
In consequence of these two quantities varying in a differ-
ent proportion, it is convenient to estimate them separately.
In order to facilitate the calculation of earthwork, several
tables have been published, the most complete and elabo-
rate of which are those by Sir John Macneil. The following
table, No. 6, will be found very useful in estimating the
content of cuttings or of embankments of moderate depth,
and will give the result very nearly true, except in cases
in which the two ends of the cutting are of very different
depths. The first, fourth, and seventh columns contain the
depth of the cutting or height of embankment, in feet, for
every tenth of afoot, from 01 to 25°2 feet; the second, fifth,
and eighth columns express the content, in cubic yards, of
one foot in width, and one chain in length, of a portion of
the trunk or central part of a cutting, whose mean depth is
shown in the preceding column. The quantities taken
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from these columns must be multiplied by the forma-
tion width. The third, sixth, and ninth columns express
the content in cubic yards of a length of one chain of both
slopes, when the slopes are formed at 1 to 1. With any
other ratio the quantities derived from these columns must
be increased in the same proportion. Thus, if the slopes
are 3 to 1, the quantity obtained from the table must be
multiplied by 3.



TasLE No. 6.—ConTENTS OF CUTTINGS OR OF EMBANKMENTS.

| Height or depth.

Content for a ‘ Content for a Content for a
length of one chain, length of one chain. length of one chain.
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‘1| 5613 | 1078 || 6°3 | 15:40 97:02 || 10°5 | 25°67 | 2695
‘2| 538 | 1183 || 64 | 1564 | 100-1 | 106 | 2591 | 2746
3| 662 | 1293 || 66| 15°89 | 103:3 | 10-7| 2616 | 2799
‘4| 687 | 14'08 [| 66| 1613 | 106:5 | 10-8| 2640 | 285°1
65| 6'11 | 1628 || 6:7| 16-38 | 109-7 || 109 | 26-64 | 290-4
‘6| 636 | 1652 || 6'8 | 1662 | 113:0 | 11:0| 2689 | 295-8
7| 660 | 17-82 || 69| 1687 | 116:4 | 11-1| 27°13 | 301-2
‘8| 684 | 1916 || 70| 17-11 | 1198 [ 11-2| 27:38 | 3066
9| 709 | 2056 || 71| 17-36 |123-2 | 11:3| 2762 | 312-1
‘0| 733 | 22:00 || 7-2 | 1760 | 126-7 || 11-4| 27-87 | 3177
‘1| 7568 | 2349 || 78| 1784 | 1303 | 11-5| 28-11 | 323-3
2| 782 | 25-08 || 7-4 | 1809 [133-8 | 11:6| 2836 | 3289
‘3| 807 [ 2662 |[7-5|18-33 | 137-5 | 11:7| 2860 | 3346
‘4| 831 | 2826 ||76| 1858 | 1412 || 11-8| 28:84 | 3404
5| 866 | 2994 | 7-7] 18-82 | 1449 | 11'9| 2909 | 346-2
6| 880 | 3168 || 7-8| 19:07 |148:7 | 120 | 29-33 | 3520
7| 904 | 3346 || 79| 19:30 | 1526 | 12:1| 29-58 | 3579
8| 929 | 3530 |[80| 1956 | 156°4 || 12-2| 2982 | 363-8
9| 963 | 3718 |{ 81| 1980 | 1604 | 12-3| 30-07 | 3698
0f 978 | 39:11 || 82| 20:04 | 1644 | 12-4| 30-31 | 3759
1] 1002 | 41-09 (| 83| 20-29 | 1684 | 12:5| 30'56 | 381-9
2| 1027 | 4312 |[ 84| 20563 | 1725 | 12:6 | 30°80 | 388-1

%@Q@uumwwwuwwmwwwwwmmwme¢e-~¢ﬁ¢&??9099°?9§




Contentfor alength Content for alength Content foralength|

of one chain. of one chain., of one chain.
1o 18 | 5)|=d]3 g £ | g
3 4 | 2| s |3 || 38|14
] pate ? 5 <% g 8 ;f’; g.-:
- & - -
% | 88 | 2 | 5| 83| % | 8| g8 | 28
|| 8% | 8% | W | 5% | S8 | ® | 5B | 5%
Feet. Cub. yds.[Cub. yds*| Feet. |Cub. yds.|Cub. yds.| Feet. |Cub. yds.'Cnb. yds, 7
12:7| 31-04 | 3943 | 16-9| 41-31 | 698-2|21-1| 51-58 | 1088
12:8 | 3129 | 4005 |17-0 | 41'56 | 706-4)|21-2| 5182 | 1099
12:9 | 31-63 | 406'8 | 17-1{ 41'80 | 714'8|21-3| 52:07 | 1109
13:0| 31-78 | 4131 [17-2| 42:04 | 723-2|21-4| 52:31 | 1119
13:1| 3202 | 41956 | 17-3| 4229 | 7316|215 6266 | 1130
13-2 | 32:27 | 4259 | 17-4| 4253 | 740°1|216| 52:80 | 1140
13-3 | 32:51 | 4324 |17:5| 4278 | 7486|217 | 5304 | 1151
13-4 | 32:76 | 4389 |17°6| 43:02 | 7572|218 5329 | 1162

13-5) 33:00 | 4455 | 17-7| 4327 | 765'8|21-9| 53:53 | 1172
13:6 | 3324 | 452'1 43:61 | 7745|220| 6378 | 1183
13-7 | 33:49 | 4588 43-76 | 7832|221 | 5402 | 1194
13-8 | 33-73 | 465'56 | 18:0 | 4500 | 792:0|22:2| 54-27 | 1205
139 33-98 | 472:3 |18:1| 4424 | 800-8|22:3| 5461 | 1216
14:0 | 34:22 | 479°1 | 18:2| 4449 | 809-7|22:4| 5476 | 1227
14:1 | 34-47 | 4860 | 183 | 44-73 | 8186|225 | 55°00 | 1238
14:2 | 34-71 | 492-9 | 184 | 44-98 | 827-6 (226 | 65524 | 1249
14-3 | 34:96 | 499-9 | 185 | 4522 | 836'6|22:7| 5549 | 1260
144 35°20 | 5069 | 18-6 | 4547 | 845-7|22:8| 65'73 | 1271
14:5 | 3544 | 613°9 | 187 | 45-71 | 854'8|22:9| 65°98 | 1282
14-6 | 3569 | 521-1 | 188 45°96 | 864:0|23:0 | 66:22 | 1293
14-7| 3593 | 5282 {189 | 46:20 | 873:2|23-1| 56:47 | 1305
14-8| 36-18 | 5354 | 190 | 4644 | 882:4|23-2| 56'71 | 1316
14:9 | 36-42 | 5427 | 191 | 4669 | 8918|233 | 56°96 | 1327
150 | 36:67 | 5600 | 19-2 | 4693 | 901-1|23-4| 5720 | 1339
16°1 | 36-91 | 65674 | 19-3| 47-18 | 910°6 | 23-5| 57°44 | 13560
15-2 | 37-16 | 5648 | 194 | 47-42 | 920:0|23'6| 5769 | 1362
153 | 37-40 | 5722 | 19-5| 4767 | 9295|237 6793 | 1373
164 | 3764 | 5797 [ 196 | 4791 | 939-1]23:8| 56818 | 1385
15°6 | 37-89 | 5687-3 | 19-7| 48'16 | 9487 | 23-9 | 58'42 | 1397
15-6 | 38-13 | 5949 [ 19-8| 4840 | 958:3|24:0| 58'67 | 1408
15-7 | 38':38 | 6025 | 199 | 4864 | 968:0 | 24:1| 5891 | 1420
158 | 38:62 | 610°2 | 20-0 | 48-89 | 977-8|24-2| 59'16 | 1432
159 | 38-87 | 618:0 | 20°1| 49-13 | 987-6|24'3| 5940 | 1443
160 | 3911 | 625-8 | 20-2 | 49:38 | 9974 | 244 | 59'64 | 1455
16°1 | 39:36 | 6336 | 20-3| 49:62 | 1007 |24°5| 69'89 | 1467
16-2| 39:60 | 6415 | 204 | 4987 | 1017 |246| 6013 | 1479
16-3 | 39:84 | 6495 | 20-5| 50°11 | 1027 |24-7| 60°38 | 1491

——
=y
©

164 | 40:09 | 6575 | 20-6| 50-36 | 1037 |24-8| 60'62 | 1503
16-4 | 40-33 | 66565 | 20°7 | 50'60 | 1047 | 24:9| 60-87 | 1516
166 | 4068 | 6736 | 20-8 | 50-84 | 1058 |25:0| 61-11 | 1527
167 | 40-82 | 681'7 {209 | 5109 {1068 |25-1| 6136 | 1540
168 | 41-07 | 6899 | 21:0 | 5133 | 1078 |25-2| 6160 | 1552
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As an example of the use of this table, we may estimate
the quantities in the cutting and embankment shown on
the working section, Fig. 20, page 39. In the following
table, the first column contains the number of the peg, the
second the depth of cutting or height of embankment, the
third the cubic content of the corresponding portion of the
trunk, and the fourth column the content of the slopes :—

Currive No. 1. EupankMenTt No. 1.
ey
: g
g v, g%
5 gg Trunk Slopes. & .‘&'S Trunk. Slopes.
. =
5 |A% s |92
1] -0 37 11 22 | 6 1:47 88
2| 6 1.47 -88 23 | 22 538 11.83
3| 9 2:20 1-93 24 | 36 8:56 29-94
4112 293 362 25 | 40 9-78 39-11
5|16 391 6:26 26 | 3-8 9-29 35630
6119 4:64 8:82 27 | 2:6 6:36 16-562
7120 4-89 978 28 | 13 3-18 4.13
8119 464 8:82 29 | -3 73 22
9119 4:64 8:82 .
10 | 21| 513 | 10-78 4475 |137°93
11 |22 5:38 11-83 40
12 | 24 587 14:08 —_—
13 {23 5:62 1293 1790-00
14 | 23 562 12:93 137-93
16 |26 6-11 15-28 68-96
16 | 21 513 10-78 -
17 |1 2:3 562 12-93 1996:89 cub. yds.
18 | 25 611 1528
19 |22 533 11-83
20 | 16 391 6:26
21| ‘8 1-96 1-566 I
91:63 | 18546
40
3661.20
18546
3846°66 cub. yds.
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It will be remarked that, at peg 1, where the cutting
has no depth, we have yet inserted quantities in the third
and fourth columns. The manner in which these were
derived is as follows. Although at the peg itself there is
no cutting, at the next peg the depth is 0'6, and therefore
the mean depth is 0-3, which, in the table, gives 0-73 and
0-22. As, however, we have here only half a chain (as it
is the commencement of the section), we insert half these
quantities, or 0-37 and 011. The sum of all the separate
portions of the trunk, being obtained by addition, is then
multiplied by 40, the width of the formation, to which the
sum of the slopes being added, gives 3846-66 cubic yards
as the content of the cutting. In the case of the embank-
ment, the slopes being 1% to 1, we add one and a half times
the sum of the slopes, and thus obtain 1996-89 cubic yards
as its content. By reference to the working section, Fig. 20,
it will be seen that the quantities there given agree with
the above.



PART IL

RECENT PRACTICE IN THE CONSTRUC-
TION OF ROADS AND STREETS.

BY D. K. CLARK, C.E.

—

CHAPTER I

MATERIALS EMPLOYED IN THE CONSTRUCTION OF
ROADS AND STREETS.

For carridge-ways: Stones.—The hardest and toughest kinds
of stones are those which are employed in the construction
of paved and macadamised carriage-ways. First in geolo-
gical order, as well as in the order of usefulness, is granite.

Granite is an unstratified or igneous rock, generally
found inferior to or associated with the oldest of the
unstratified rocks, and sometimes penetrating them in the
form of dykes and veins. It is a crystalline compound of
three simple minerals — felspar, silica or quartz, and
mica; in which the proportion of silica varies from 65 to
80 per cent. Granite derives its name from its coarse
granular structure—granum, Latin for grain. The silica
generally occurs in an amorphous condition, enclosing and
cementing together the felspar and the mica in the state
of crystals. Some granites are ternary compounds ; others
are quaternary, or even quinary compounds, consisting of
silica, two varieties of felspar, or two varieties of mica.
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Two felspars are present in some of the granites of Gal-
way, Donegal, and Aberdeenshire. Two micas occur in
the Wicklow granite, imparting black and grey hues.
Instead of mica, another substance, hornblende, is found
in some granites. Such granites, of which the component
parts are quartz, felspar, and hornblende, are distinguished
as syenite, or syenitic granites; so called, because it was
first found in the island of Syens, in Egypt.

Of the constituents of granite, quartz, glassy in appear-
ance, is a compound of the metallic base silicium and
oxygen ; felspar, opaque, is of a yellowish or a pink colour,
composed of silicious and aluminous matter, with a small
proportion of lime and potash ; mica consists principally of
clay and flint, with a little magnesia and oxide of iron;
hornblende is a dark green crystalline substance, composed
of flint, alumina, magnesia, with a considerable propor-
tion of black oxide of iron.

The granite districts of the United Kingdom, whence
most of the material for road-making is obtained, are in
Devon, Cornwall, the Channel Islands of Guernsey and
Herm ; Mount Sorrel, in Leicestershire; Clee Hills, in
Shropshire; Port-Nant and Portmadoc, in North Wales;
Aberdeen, in Scotland; and Newry, in Ireland. The
syenitic granites of Guernsey, Herm, Mount Sorrel, and
North Wales, are celebrated for their hardness and dura-
bility. The granite of Devon and Cornwall is of several
varieties, and it has a prevailing greyish hue. Aberdeen
granite is of a bluish-grey tint; so also is the Newry
granite. Mount Sorrel granite is of a rich pink colour.

Granites vary much in hardness and resistance to
crushing force. In some places, by the decomposition of
the felspar or the mica, they are sufficiently soft to admit
of their being dug out with a spade. The specific gravity
of granite varies from 2-60 to 3-00, and the volume of
1 ton is from 12 to 14 cubic feet. Conversely, the weight

G2
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of a cubic yard of solid granite varies from 1:93 to 2:25
tons, averaging, say, 2 tons; whilst the average weight of
a solid cubic foot is 14 ewt. Granite is capable of absorb-
ing, on an average, a gallon, or 10 lbs., of water per
cubic yard, or 1-450th of its weight of water.

Mr. Mallet found that the maximum resistance of 1-inch
cubes of various granites to crushing force, ranged from
1 to 6 tons. The annexed table, No. 7, gives the results
of experiments to determine the resistance of granites :—*

Tasre No. 7.—CrusHING RESISTANCE OF GGRANITES.

Surface ex~ | Lressure per square inch.
Locality of Stone. posed to
pressure. | mg fracture.| To crush.

uare in. uare in, [uare in.
Herm . . . . S 16 scl4.77 sq6'64
Aberdeen (Blue) . . 17% 413 464
Heytor . . . . 16 3-94 619
Dartmoor . . .t 18 3:52 548
Peterhead 2Red) . . 18 2-88 488
Peterhead (Bluish grey) . 18 2:86 4:36
Penrhyn . . . 16 2-68 345
Killiney (Grey felspathic) . 9 — 481
Ballyknocken {Coarse grey) . 9 — 143

Ballybeg, Carlow (Grey fels-

pathic) . . . 9 — 317

Some results of experiments made by Sir William
Fairbairnt on the crushing strength of building stones are
added, in Table No. 8. The specimens were, for the most
part, 2-inch cubes :—

¢ The data for this table are derived from Sir John Burgoyne’s
¢ Rudimentary Treatise on Blasting and Quarrying,” 1862, page 94;
except for the last three stones, for which the data are borrowed from
Professor Hull.

+ “ Memoirs of the Literary and Philosophical Society of Man-
chester,” 1857; vol. xiv. page 31.
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TasLe No. 8.—CRUSHING STRENGTH AND ABSORBENT POWER OF
Various StoNes.
(Deduced from Sir W, Fairbairn’s data.)

3 VtVe ht
(Crushing of wa!
Specifie Cubic || resist- |absorbed
Stone. Locality of Quarry. gravity m%oi: ance per ahtterw
‘| one . || square ours’

Cub. ft. || Tons. |1partin

Porphyry .| France. . . . — — 18:04 —
Greywacké .| Penmaenmaur . 275 | 1304 764 | 1641
0. Ingleton . . . 279 | 12-87 — 1963
Granite . .| Aberdeen . . . — — 516 —
Do. Mount Sorrel. . 267 | 13'46 574 490
Do. Bonaw, Inverary — — 4-87 —_
Sandstone - . | Yorkshire. . . 241 | 1485 438 | 476
Do. Runcorn . . — — -08 —_
Limestone — —_ — 380 —
Do.Magnesian | Auston, Worksop —_ —_ 2:26 —
Brick, hard . —_ —_ —_ -84 —
Do. red . —_ —_ —_ 36 —

|

The ZTrap Rocks are a large group of igneous rocks allied
to granite, composed of felspar, augite, and hornblende.
The various proportions and states of aggregation of these
simple minerals, and their differences in external forms,
give rise to varieties known as Basalt, Dolorite, Green-
stone, Whinstone, Greywacké, and others. The term #rap
is derived from ¢rappa, a Swedish word for stair, because
the rocks of this class sometimes occur in large tabular
masses, rising one above another like steps. Basalt is one
of the most common varieties; it is a dark green or black
stone, composed of augite and felspar, very compact in
texture, of considerable hardness. It often contains iron;
whence the name &asalt, an Ethiopian word for iron.
Dolorite is likewise composed of augite and felspar. Green-
stone is composed of hornblende, which is dark green, and
felspar. Greywacké is a very hard rock, as heavy as
granite, and much harder. The rock is very often of a..
grey colour; whence the name. Wacké is a provincial
miner’s term in Germany.
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The principal uses of the trap rocks are for paving and
macadamising. The most important quarries are those
of Barden Hill, in Leicestershire, and of Penmaenmaur, in
North Wales. The greywacké of Penmaenmaur is manu-
factured into squared sets, which are sent by ship and
by rail in enormous quantities to Manchester, Liverpool,
and other large towns in the north of England and in Scot-
land, and to Ireland.

Comparative Wear of Stones.—Mr. Wa]ker tested the com-
parative durability of various granites and one whinstone.
In his first experiments, he submitted square specimens of
Guernsey, Aberdeen, and Peterhead granites, having equal
weights and rubbing surfaces, to frictional motion on a
large block of stone, with sand and water between them.
The Guernsey granite showed the smallest amount of wear.

He made further tests for the durability of granites and
whinstone, under working conditions, by laying down, in
1830, two parallel lines of rectangular tram-stones, 18
inches wide and 12 inches deep, in the gateway of the
Limehouse turnpike, 80 as to be exposed to all the heavy
traffic from the East and West India Docks. The experi-
mental stones were all new. After an exposure of 17
months to the wear and tear of the traffic, the stones were
taken up, and the loss by wear was found to be in order
as follows :—

TasLe No. 9.—RELATIVE WEAR OF (GRANITES, ETC.

(M=B. WALKER.)
Loss of |
Super- :
one. : ht ertical wear.
Name of Stone. ﬂe:.:Pe w:;g‘ool‘):r Vi
. foot. | pounds. inch. relative,
Guernsey granite s‘14:'7 3 95 ‘060 | 1-000
Herm granite . 525 1-05 075 | 1-190
Budle whinstone . 634 1-22 ‘082 | 1-316
Peterhead blue granite 8-48 1-80 131 | 2-080
Heytor granite . 431 1-92 141 | 2-238
Aberdeen red granite. 538 2:14 159 | 2-624
Dartmoor granite . 4:60 2:78 207 | 3-285
Aberdeen blue granite 482 3:06 226 | 3571
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From the table, it is apparent that Guernsey granite is
many times tougher and more durable than Aberdeen
granite. Mr. Walker made a still further test of the relative
wear of these two stones on old Blackfriars Bridge, which
was paved, in 1840, with these granites, in sets 3 inches
wide by 9 inches deep, on a bed of concrete 12 inches thick.
‘When the pavement had been down 13 years, it was found
that the Aberdeen stone was worn down to the extent of
1% inch of vertical wear, whilst the Guernsey stone had
only worn down } inch—showing that the Guernsey had
worn only one-sixth as much as the Aberdeen granite.*

The durability of the Welsh stones—the greywacké of
Penmaenmaur, and the syenites of Portmadoc, &e., is
almost beyond estimation. After 20 years of work in the
streets of Manchester, Penmaenmaur stones, the resistance
of which to crushing is considerably greater than that of
granite, have suffered little more wear than a rounding of
the upper surface. But they are extremely slippery, and they
make a dangerous pavement. The Irish, the syenitic, and
the blue Aberdeen granites retain rough wearing surfaces ;
but, in consequence of their roughness, they are not so
dyrable as the Guernsey and the Penmaenmaur stones.
The rough-wearing sets are excellent stones, and they
are specially suitable for the paving of streets on steep
inclines.

For macadam, the hardest stones—as Guernsey granite,
and Penmaenmaur greywacké—are the most suitable.
Their slippery “qualities are of no moment in macadam,
whilst their hardness and toughness are valuable qualities.

In India, the stones used for macadam are granite, trap,
and the hard limestones and sandstones. Laterite, which is
a hard sandstone, is very much used on the Madras roads;
but it is comparatively soft, and does not bear much traffic.

* Proceedings of the Institution of Civil Engineers, 1863-54; vol.
xiii, page 237.
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Kunkur is the material chiefly used in Hindostan: it isa
peculiar formation of oolitic limestone, found generally in
nodules, sometimes in masses a little below the surface of
the earth. It makes an excellent road, but it requires
constant repair if the traffic is heavy.

For Footpaths.—The flagstones usually employed for foot-
paths are of sandstone. The Old Red Sandstone of Scot-
land produces the well-known sandstones and flags of
Arbroath and Dundee, which are largely used in Glasgow,
Edinburgh, London, and other large towns. The Arbroath
pavement-is-of -a light greenish, grey colour, and of dense
structure; it resists the weather successfully. The flag-
stones of Caithness, Cromarty, and Nairn are also used for
paving. The carboniferous sandstones are largely used
for paving in the north of England and in Scotland ; they
are generally hard and durable, of yellowish or greyish
tints, and of various degrees of coarseness. They are
derived from the millstone-grit and the coal measures.
Excellent flagstones, which are sent to all parts of Eng-
land, are obtained from the lower part of the coal for-
mation in Cheshire, near Macclesfield ; Lancashire, near
‘Wigan, Burnley, and St. Helen’s; and from Elland, in
Yorkshire. The sandstones of the coal measures—for in-
stance, those of Heddon and Kenton, near Newcastle—are
seldom durable, and they generally become iron-stained
on exposure, owing to their containing considerable quan-
tities of iron and alumina.¥

The following particulars of the composition of sand-
stones are derived from the Commissioners’ Report of
1839:—

¢ See ‘‘Quarries and Building Stones,”” by Professor Hull; ¢ British
Manufacturing Industries.”
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TasLe No. 10.—CoxrosrTioN, SpEciric GRAVITY, AND STRENGTH
OF SANDSTONES.

|
Cn.igleith.; Dexley | Heddon. | Eenton. imeu
- |
Composition. per cent. ’ per cent. | per cent. | per cent. ' per cent.
Silica . S| 983 | 964 | 951 | 931 | 494
Carbonate of lime 11 03 08 2:0 266
Carbonate of mag-
nesia . 00 | 00 00 00 | 16-1
Iron, alumina . 06 13 23 44 32
Water and loss . 00 ( 19 18 05 ] 48
100°0 * 1000 1000 100-0 i 100-0
SPECIFIC GRAVITIES.
dry masses .| 2232 | 2628 | 2229 | 2247 | 2:338
Of particles < | 2646 | 2993 | 2643 | 2625 | 2756
CoHESIVE Powegs.
In tons per square
inch . . 852 317 1-78 2:22 2:28

A few particulars of sandstones are given in Table
No. 8, page 125. , ’

All sandstones are porous, and they absorb water. The
Yorkshire sandstones are capable of absorbing 1 part by
weight of water in 48 parts of stone. Sandstone flags are
in this respect objectionable, for they retain wet impurities,
and remain damp some time after rain.

An instructive test of the comparative durability of
various kinds of flagstones was conducted in Liverpool, by
Mr. Newlands, in 1856. The stones were found to range,
in the order of durability, as follows :—

Kilrush (Irish), most durable,
Caithness,
Knowsley,
Port Rheuddin,
Llangollen,
Yorkshire, least durable.
@3
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Of these, Port Rheuddin stone, one of the softest, had the
best appearance. Next to this was the Caithness stone. The
Kilrush flags had a rough or wrinkled surface ; but in the
course of time they wore smooth, and their appearance was
good. The Llangollen-slate flag looked well, but it was
not durable. Caithness flags were extensively substituted
for Yorkshire paving; Welsh and Irish flags were also
laid to a considerable extent.

In substituting granite curbstones for sandstone curbs,
Mr. Newlands formed the wearing surface of the new
curbs to the section produced by abrasion upon the softer
stone :—thus presenting a larger wearing surface to the
strokes of heavy wheels, and minimising the superficial
lateral wear.

Asphalte.—Asphalte, the mineral, is a bituminous lime-
stone, or pure carbonate of lime naturally impregnated
with bitumen. At the same time, asphalteis, in a scientific
sense, synonymous with bitumen.

Bituminous limestone, or asphalte, is a rock consisting
of from 90 to 94 per cent. of carbonate of lime, and from
6 to 10 per cent. of bitumen. The rock is of a liver-brown,
or deep chocolate colour ; it takes an irregular fracture,
with definite cleavage, and the texture and the grain vary
with the layers. The specific gravity is from 2-20 to 2-30.
Exposed to the atmosphere, asphalte gradually assumes a
light grey tint, caused by the evaporation of bltumen from
the surface.

The asphalte used for the construction of carriage-way
pavements, is brought chiefly from the Val de Travers,
a few miles from the town of Neuchatel, in Switzerland.
Limmer asphalte is brought from a mine situated at
Limmer, near the city of Hanover, and from another mine
at Vorwohle, near Alfeld, in Brunswick. The Seyssel
asphalte is obtained from mines at Pynmont and Garde
Bois, at Seyssel, in Franc~
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Asphalte, as excavated, must be pulverised before being
used, by decrepitation at a temperature of from 212° to
300° Fahr., or by mechanical means. It is applied in two
modes for the formation of pavements :—1st, as compressed
asphalte, which is obtained by heating the powder to from
212° to 250° Fahr., and causing the particles to cohere by
the application of pressure. 2nd, as liquid asphalle, or
asphaltic mastic, for which a manufacturing process is neces-
sary. The powder is heated with from 5 to 8 per cent. of
free bitumen; the bitumen acts as a flux, the mixture
melts, and is run into moulds for use, forming cheeses
12 inches in diameter and 4 inches thick. Like rock
asphalte, mastic, heated alone, does not melt; it only be-
comes soft. To be re-melted, a fresh quantity of bitumen
must be added. For paving, a large proportion of sand or
small gravel is mixed with it, even to the extent of 60 per
cent. No chemical union takes place between the mastic
and the sand, but the cohesion is so complete that the
fracture of sanded mastic shows the simultaneous fracture
of the grit; and the power of resistance to the heat of the
sun is increased by the admixture.

The Val de Travers and the Seysell rocks are the only
two natural asphaltes used in laying compressed-asphalte
roadways. The former has not quite so close a grain as
the latter, and it is softer, and is more regularly impreg-
nated with bitumen. '

Artificial Asphalte—By mixing heated limestone and
gas-tar, a material possessing some of the properties of
asphaltic mastic has been obtained. But gas-tar is a very
inferior form of bitumen for paving purposes: it passes
from the dry to the liquid state, and conversely, according
to the season, and it is brittle.

Wood.—Both soft and hard woods are employed for
.paving: closed-grained wood of the pine family, as Cana-
dian and Baltic yellow pines; and hard woods, as oak, -
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¢lm, ash, and beech. Spruce and white deals are not very
suitable for paving purposes. The following Table,*
No. 11, shows the average crushing resistance of cubes of
timber, of from 1inch to 4 inches, lineal dimension, in
the direction of the fibre :—

TasLE No. 11.—CrusuiNg ResisTANCE oF TIMBER.
Cubes, 1 inch ; 2 inch; 3 inch; and 4 inch.

Crushing
Name of Timber. resistance
per 8q. inch

tons.
English oak, unseasoned . . 2:19
Do. seasoned . . 334
Dantzlc oak . . . 3:34
American whlbe oak . . . 2-71
Moulmein teak . . 2:56
Iron wood . . . . 521
Gyreenheart . . . . 644
Honduras ma.hoga.ny . . 2:86
English elm . . . 2.58
Canadian elm . . . 2:46
Dantzic fir . . . . 310
Riga fir . . 2:34
Spruce fir . 2-17
rch . . . 2:60
Red pine . . . 2-64
Yellow pine . . . . 1-88
Pitch pine . . . . 2-88

Mr. D. T. Hope,} in 1844, recorded the results of experi-
ments made by him on the comparative wear and endur-
ance of wood-paving, laid in the same line of carriage-way,
resting on the same concrete foundation, and exposed to
the same kind and amount of traffic. The blocks of wood
were comstructed with the fibre placed vertically, placed
horizontally, and also placed at various inclinations to the

® Derived from “ A Manual of Rules, Tables, and Data,” by D. K.
Clark, 1877, page 641.

+ “Transactions of the Royal Scottish Society of Arts,” 1844,
page 231,
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vertical. Continuous observations were made for a period
of 18 months. It was found that the wear or reduction of
height of the wood blocks was greater during the first
three months than during the following quarters. The
more rapid wear at the commencement of the trial was
ascribed by Mr. Hope to initial compression of the
fibres: the blocks with vertical fibres presented a more
compact surface than when they were originally laid, and
the surface was so impregnated with sand that it had more of
the appearance of sand than of wood. The following shows
the total amount of wear at the end of 18 months :—

Wear at the end of 18 months,
Wood, vertical fibre .. °125 inch, or # inch
.4 fibre inclined at 75> . ‘147 ,, &% , bare
” ”» 60 B T
” ” 45 . 241, ? S
” ”» 30 312, Y o
” ”» 16 . 819, § 4 ful
" n » horizontal 480 ,, % , Dbare

It is clear that the resistance of the wood was most
effective when the fibres were in a vertical position, and
least effective when they were horizontal. The horizontal
fibres presented, when worn, the appearance of heaps of
broken strings. It is evident, further, that the more
nearly the fibres were presented in an upright position,
the less was the wear, and, of course, the g'reater was the
durability. p



CHAPTER II
CONSTRUCTION OF MODERN MACADAM ROADS.

Iy addition to the detailed account of the construction of
roads, given by Mr. Law, in the first part of this work, a
few words may be added as to the usual modes of construc-
tion now adopted. The levels, gauges, plummet-rules,
and prong-shovels, formerly employed in the setting out
and construction of roads, described at pages 84 to 88,
are not now used. ‘Boning rods” are used for fixing
the inclination of the surface, longitudinally and trans-
versely, by the eye.

First-class Metropolitan Roads.—When the ground hasbeen
excavated and levelled, it should be rolled, when it consists
of clay. A bottoming, or bed, 12 inches thick, of “hard-
core,” is laid on the ground; it may consist of brick-
rubbish, clinker, old broken concrete, broken stope or
shivers, or any other hard material, in pieces. The bed
should be rolled down to a thickness of 9 inches, and any
loose or hollow places made up to the level.

Next comes a layer of Thames ballast, 5 inches tlnck
rolled solidly to a thickness of 3 inches. The ballast
serves to fill up the vacancies in the bottoming, and, being
less costly, saves so much of the cost for broken granite.

Broken granite, or macadam, is laid upon the prepared
surface of the ballast, in two successive layers, 3 inches
thick, rolled successively, to a combined thickness of
4 inches; a layer of sharp sand, } inch or § inch thick
should be scattered over the second layer, and rolled into
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it with plenty of water. But it is better to add the sand
and the water as the second layer of granite is laid, and
to roll them well together.

Broken Guernsey granite, which is hard and enduring,
is the best material for the coating ; Aberdeen granite is
softer, and is not so good for the purpose. Flints are, in
some instances, laid instead of granite; but they  are
worst of all for the coat, for they are brittle, and are soon
reduced, by the traffic, to small fragments.

In transverse section, the contour of the road is a
segment of a circle. Indeed, all roads and streets are,
or should be, circular in section. The general practice is,
in this respect, at variance with the practice recommended
by Mr. Law, page 75, where he recommends that the
section of the surface should be formed of two inclined
straight lines, joined by a flat curve at the middle, form-
ing a species of ridge. The advantage of the circular
section consists in the fulness given to the “shoulders ”
of the road, which lie in the lines of the traffic on each
side of the centre line of the road, and thus present a full
surface for wear. :

Second-class Metropolitan Roads are usually constructed
of a hard core of brick rubbish, or other material, about
9 inches thick, and a layer of broken granite, or of flints,
about four inches thick. The material is not, in general,
submitted to rolling, except by the action of the traffic.

Country Roads.—The regular width of country roads is
18 feet; but some of them are only 10 feet wide, and
others may be more than 18 feet. The bottom is excavated
with a flat floor, not being rounded to the contour of the
surface. The bottom layer, or hard core, consists of any
hard and dry rubbish:—broken bricks, lumps of chalk,
or hard flints. The material most usually employed con-
sists of flint-stones, which are got out of the fields. The
largest stones, which may be as much as 6 or 8 inches
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across, are laid at the bottom. Chalk flints answer best
for the bottoming. They are rough, and they bind
firmly together, and are open, affording free space for
drainage. If the bottom is of solid material, as chalk or
rock-stuff, the bed is laid in to a thickness of 12 inches.
If it be soft, as of clay or of sand, it is made up to a
thickness of 18 inches.

The finishing layer, or coating, consists of flints of a
smaller size; they are broken up, if necessary, to the
usual size of macadam, and are laid 6 inches thick. No
binding of any kind is employed, nor is it the practice to
roll the roads.

Fig. 40.—Country Road, with open ditches.

The rise of aroad, at the middle, is 8 inches for a width
of 18 feet. The rule for the rise is to allow 1 inch for
every 6 feet of width :—giving a slope of 1 in 36, which is
sufficient for running off rain-water, and leaving the roads
dry. For roads 10 feet wide, a greater degree of rise is
given, where ditches cannot be got in. Openings are
made through the fences at each side to let off surface-
water into the adjoining fields. Mr. J. G. Crosbie Dawson
states that he has made many gravel roads, from 12 to
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18 inches thick, at a cost of from 2s. 6d. to 3s. 6d. per
‘square yard.

The general conformation of a country road, with
hedges, and with an open ditch at one or both sides, for
collecting surface and drainage water, is shown by Fig. 40.
Side ditches are a frequent cause of overturns and other
accidents. The improved country road, proposed by the
Committee of the Society of Arts,* is represented by Fig. 41,

Fig. 41.—Proposed Country Road, with wheel-tracks and subsoil drains.

in which the side drains are suppressed, and replaced by
covered drains, which act also as subsoil land-drains.
‘Wheel-tracks of asphalte, horse-tracks of concrete, and a
foot-path of asphalte are also proposed.

* Report of the Committee of the Society of Arts on Zvaction on
Roads, 1875.



CHAPTER III.

MACADAMIZED ROADS.—WEAR.

It was maintained by Macadam (see page 90) that
for ease of draft, a yielding, elastic road was preferable
to a road constructed according to the prescription of
Mr. Telford, on a rigid or paved foundation. The dis-
tinction rests entirely upon the precise signification attached
to the word “elastic.” If the elasticity be perfect, like
that of an indiarubber wheel-tire, where the reaction
or uplifting force is exactly equal to the resistance to
depression under a load, it may be logically maintained
that the elastic road is better for draft. But this condition
is impossible in practice; and Mr. Provis exactly defined
an elastic road as ‘‘ that which will give way by pressure,
and rise again to its original position when the pressure is
removed ’—tacitly assuming that time is consumed in the
reaction, after the pressure is removed. Moreover, as Sir
John Macneil justly observed, ‘‘ where there is a yielding
and elasticity in the road, there must be motion among the
particles with which the road is formed, and this motion
produces wear.” * And, again: “If the road be weak or
elastic, and bend or yield under the pressure of the wheels,
the particles of which it is composed will move and rub
against each other, or perhaps break by the action of
heavy wheels over them.”t Herein lies the gist of the

* ¢ Roads,” by Sir Henry Parnell, page 412.
1 Report of the Sele Committee on Steam Carriages, 1831,
page 97.
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argument against the admission of any perceptible range
of elastic action ; and Sir John Macneil touched the essen-
tial element of legitimate elastic action, when he located it
‘““on the surface and at the point of contact.” This is pre-
cisely the mode of elastic action of a wood-pavement :—a
material which, with its vertical fibre, acts as a coat of
velvet might be supposed to do, simply to absorb and
neutralise minute vibration; and it is the only kind of
action that is admissible in the work of a road. Sir John
Macneil adduced the results of experiments on London
streets, in which he found that, when broken granite was
laid down, there was little crushing on the surface, but a
good deal below. "He found ‘that a great portion of the
wear took place near the bottom; the stones there got
round after a very short time. They were all jumbled
together ; the lower part of the stratum was on clay.
Before it became a solid mass at all, the wheels worked
through, and the stones were kept in motion, and rubbing
against each other, from top to bottom.” Then he tried
the experiment of laying ‘‘ a portion on a very solid foun-
dation, and the same quantity was put overit. I took up
a portion of both roads,” he adds, ‘“and we found, where
the road was about 15 or 16 inches thick [with a 9-inch
pavement], and the stones 6 inches thick over the broken
pavement, they were quite square, and as perfect as when
put on. In the other case [simple macadam], it was not
80.”” “There are two things to be considered, when a
road is newly made: there is very great wear indeed, in
the first instance, if there be not a pitched foundation;
that is different from the wear that takes place when it is
nearly consolidated. To bring it into a solid state, the
wear is great. If there are 4 inches of broken stone on
the top of a pitched foundation, you may get that road into
a perfectly hard and consolidated state, by the ordinary
travelling over a turnpike road, in about three months;

.
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but if you put on the same thickness of stone, without a
foundation, you will not get it into a perfect state in three
or four times as long.” *

The bearing of Sir John Macneil’s exhaustive evidence

is very direct upon the comparative wear of ‘weak or
elastic roads,” and roads with a rigid pavement-bottom.
He adduces an instance in which an experiment was accu-
rately made to test the relative wear of roads so con-
structed : ‘“The wear was found to be 4 inches of hard
stone, when it was placed on a wet clay bottom ; while it
was not more than half an inch on a solid dry foundation,
or with a pavement bottom, on a part of the same road,
where it was subject to the same traffic.” }
: Estimates have been formed of the relative tear and
wear of roads due to the action of the horse-shoes and the
action of wheels. Mr. John Farey stated that a cart-
horse, walking at a speed of 24 miles per hour, could draw
with a force of traction of 100 lbs., on an average, for
8 hours a day; but that a stage-coach horse, running at a
speed of 10 miles an hour, could not exert more than
28 Ibs. force of traction, on an average, for 1} hours a
day. The comparative efficiency of the animal is readily
worked out. The work done per hour, on duty, and per
- day, are as follows :—

‘Work done in pounds
Speed i hothro“rugh one mildo;’;y
n : 0 .
miles per hour, Iroction. mﬁgpounds. mif:-rpounds.
Cart-horse . 2% 100 1bs. 250 2000
Stage coach-horse 10 28 280 420

The comparison clearly indicates that, whilst the work
done by a horse per hour at work, is a little greater at
10 miles per hour than at a fourth of the speed, the day’s
work, on the contrary, is very much less,—little more than

* < Roads,” by Sir Henry Parnell, pages 412, 413.
+ Report of the Select Committee on Steam Carriages, 1831,

page 97.
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a fifth.” Tt is probable that the injury done to the road is
in the same proportion as the day’s work dome. “In
heavy wagons,” says Mr. Farey, ¢ drawn slowly by horses,
the horses do far more injury, ‘by digging and scraping
with their feet, than is done by the horses in coaches and
vans travelling quickly; because the wagon-horses, having
a heavy pull to make, must choose places in the road
where they can place their feet in depressions in order to
get hold ; hence, on a smooth, good road, they slip, and
scrape up the surface.” Again: ‘The horses, by treading
with their feet, excavate and scrape out depressions in the
surface of the road; that is particularly the case before
the road-materials are consolidated into a solid mass. In
this manner, the horses, after injuring the road them-
selves, prepare the way to further injury to the road by
the wheels of carriages.” *

‘With respect to the comparative action on a road of the
feet of horses and the wheels of vehicles, Mr. Telford con-
sidered that the tearing up of a well-made road by horses’
feet was much more injurious to the road than the pressure
of the wheels.

Sir John Macneil stated that a four-horse stage-coach
weighed from 153 cwt. to 18 cwt., and frequently carried
upwards of 2 tons of passengers and goods; and the total
average weight amounted to from 2} to 2} tons gross.
The tires of the wheels were, in general, 2 inches wide; in
some instances rather less than 2 inches. Some tires were
rounded, forming in cross section a segment of a circle
1} inch in diameter. The action of these rounded tires
was found to be extremely injurious to the road; coach-
men complained that carriages fitted with such rounded
wheel-tires ‘“‘ran wild” in descending hills in summer;
and that they ran ‘ heavy’ in winter, when the roads were

_* Report of Select Committee on Steam Carriages, 1831, page 57.
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soft and muddy. Mail-coaches weighed very nearly 20 cwt.,
and frequently carried a ton of letters and parcels, in addi-
tion to their complement of passengers. The tires of their
wheels were 2} inches wide. Again, the four-horse vans,
which travelled at a speed of 6 miles per hour, weighed, on
an average, 4} tons gross, with 24-inch tires. There were
four descriptions of wagon in general use—8-horse, 6-horse,
4-horse, and farm-wagons of 2 or 4 horses. Sir John Mac-
neil maintained that, on all gravel roads, however made,
without foundation or bottoming, the load on the road for
a wheel 4 inches wide at the tire should not exceed 15 cwt. ;
and for wheels of less width, 10 cwt. He gave a table
showing the weight actually carried per inch of width of tire-
bearing, and what he conceived might be the width of tires
if they were made cylindrical, with an even bearing, allow-
ing 1 inch of total width of four wheels for each ton of gross
weight; or 1 inch of width in each tire per 5 cwt. of gross
weight.

TaBLE No. 12.—WEeieHT oF VEHICLES AND WiInTH oF TIRES oON
CoMMoN Roabs.

(S1n JomN MAcNEIL.)

Soendin 14 Width | pres. | Pres wml:gel' of
verage O W
Desaription of Vehicle. m?l?sdper gross | wheels || SUTe Of[SUTS DeT| g1oying

hour, |weight.] and eh 1 incs of g cwt. per
’ tires, | Wheel: | width. | ;)0 o

miles. tons. inchles. cwts. | ewts inches.

Mail coach .19toll | 2 23 10 440 2
Stage coach .|| 8toll | 2 2 12:6 | 6:25 23
Van . .|| 6to7 | 4F | 2% | 21-25] 829 4
‘Wagon . .|[25t03 | 6 9 25 277 6
Do. . . 25t03 | 4 6 22:6 | 375 4#
Do. . f28to3| 8% | 4 | 175 | 437 || 3

From the table it appears that, in the four-horse van, the
greatest load per inch of tire upon the road amounted to
83 cwt.; and though Sir John Macneil found that good

Pt -

T
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hard roads may support concentrated loads of 10 cwt. per
inch of width of tire, he considered that, for «“ the generality
of roads,” the concentrated load per inch of width of tire
ought not to exceed a maximum of 5 cwt. He judged that
the wear of roads caused by horses’ foet increased with the
speed of transit; and adduced in support of this conclusion
the facts that, whilst a coach-horse, going at 10 miles per
hour, ran 270 miles per month, and wore away 4 pounds
of iron in shoes; & wagon-horse going at 3 miles per
hour, and walking 26 miles per day, or 416 miles per
month, wore away 4'8 pounds of iron in shoes. From
these data, it appears that the coach-horse ran 67:5 miles
for each pound of iron worn off, and that the wagon-
horse walked 865 miles for each pound of iron worn off.
These data, though they show a greater rate of wear at
the higher speed, scarcely suffice to confirm the conclusion
drawn by Sir John Macneil ; for the wear of shoes is due
entirely to abrasion, whilst that of the surface of the road
is due to abrasion combined with excavation. According
to another of his estimates, it appears that, in running
63,000 miles, 1,000 pounds of shoe-iron were worn away ;
showing that 63 miles were run by a horse for each pound
of shoe-iron worn off. It also appeared that for an equal
mileage of mail-coaches - and stage-coaches, of which
the hind wheels were 4 feet 8 inches high, and the fore
wheels 3 feet high, the tires were worn down from the
original section, 2 inches wide by § inch thick to a
thickness of % inch, losing 327 pounds; showing that
193 miles were run by a coach for each pound of tire-iron
worn off, or three times the mileage run per pound.of
shoe-iron. '

From the evidence of the comparative wear of shoe-iron
and tire-iron, and other considerations, Sir John Macneil
framed an estimate of the relative proportions in which a
road was deteriorated by the action of atmospheric changes,
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wheels, and horses’ feet. For ¢ the generality of roads’’
the proportions were as follows :—

Cause of Wear or Injury. For Fast Coaches. For Wagons.
per oent. per cent.
Atmospheric changes . . 20 20
‘Wheels . . . . 20 856
Horses’ feet that draw the vehicles 60 445
I 100 ¥ 100

Mr. James Macadam, in 1831, considered that a vehicle
of any description, required to carry a great load, say,
5 or 8 tons, ought to have wheels with tires at least 4} inches
wide, flat or cylindrical. He preferred that width to any
other width, being of opinion that it was the maximum
width of tire that could at the same instant touch the sur-
face of a well-formed road.* For a gross weight of 8 tons,
or 2 tons per wheel, it is seen that the weight amounted
to 9 ewt. per inch of width—considerably in excess of the
working limit assigned by Sir John Macneil.

M. Dupuit tested the width of surface in active contact
with tires of various widths, on roads slightly wetted; and
he found that the marks of contact with the road traced on
the middle of the tires were practically of equal width for
various widths of tire, amounting to about 3} inches on a
tire 6% inches wide. The pressure appeared not to have
been uniformly distributed over the width of surface in
contact; and near the edges of the tires the pressure was
nearly nothing. On the tires of a stage-coach, 5} inches
wide, the width of contact was limited to 2} inches. M.
Dupuit ascribes the limitation of width of contact to the
natural rounding of the tires by wear and stress, towards
the edges, by which the circumference of the wooden fellies
themselves are likewise rounded ; and he condemns, as
illusory, the use of wide tires for the better distributing of
excessive loads. He maintains that wide tires are only

* Report of the Select Committee on Steam Carriages, 1831, page 91,
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useful when they take a bearing for the whole width,
which can only happen when the road is soft, loose, or in
bad condition ; or when the ruts are filled up and require
to be rolled. As a matter of fact, a 63-inch tire practically
becomes, after a few days, a 5}-inch tire; and, after a few
months of wear, a 4}-inch tire. He adds that 63-inch
tires wear out after running 10,000 miles, losing 530
pounds of iron ; showing that for each pound of iron worn
off, 19 miles were traversed:—less than a fourth of the
mileage per pound deduced from Sir John Macneil’s
data for wagons, and countenancing, certainly, M. Dupuit’s
opinion that great width of tire is illusory, and adds weight
without efficiency.

From these and other considerations, it is obvious that
the wear of macadam roads must necessarily be much
greater than that of paved roads or streets. Mr. Mitchell’s
remarkable analysis of the material of a macadam road,
about to be noticed, places this conclusion in a clear
light.

A cubic yard of broken stone metal, of an ordinary
size—2 inches or 2} inches cube—when screened and
beaten down in regular layers 6 inches thick, contains,
aecording to Mr. Mitchell, 11 cubic feet of interspaces, as
tested by filling up the metal with a liquid. Herr E,
Bokeberg, of Hanover, who, says Mr. Paget, made many
very careful experiments on the proportion of vacuity to
solid material, found that, in a loosely-heaped cubic yard
of broken stones, void space amounted to one-half of
the total volume. As the stones became rounded at the
corners by wear, the vacuities were reduced to 37 per cent.
of the gross bulk, or to 10 cubic feet These results indicate
that the interspaces of the new stones were reduced by
compression to nearly the same volume as was attained after
the eorners had been rounded without compression. The
operation of consolidation necessarily reduces the thickness

H
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of the coating. A large portion of the vacant space be-
comes filled with mud, which forms the cementing matter,
ground from the metal. The original mass of 16 cubic
feet of broken stone is, in fact, crushed into every variety
of form down to the finest sand,—a small proportion only
of the stones remaining of their original dimensions.

Mr. Mitchell * gives the results of an analysis of a portion
of the crust—2} cubic feet—of the macadamised road in the
Mall, in St. James’s Park, which was taken up for examina-
tion. The component parts of the sample were carefully
separated and classed, when it was found that one cubic
yard contained— -

Cubio Per

feet, cent.
Mud . . . . . . . 1100 or 41
Sand, with pebblés, not exceeding 3-16 inch thick 240 ,, 9
Stones, from 3-16 inch to § inch . . . 636 , 24
Stones, from # inch to 1 inch. . . . 448 ,, 16}

Stones, from 1 inch to 2} inch . . . 2:66 ,, 9%

Total volume, 1 cubic yard, or 2700 ,, 100

From this analysis, it appears that only 94 per cent.
—say, one-tenth—of the original stone escaped unground ;
whilst 40 per cent. of it was reduced to mud. These pro-
portions, taken as they stand, are too favourable for the
duration of the stone in that instance, for, no doubt, the
sample was a sample of the remains of stone, much of
which must have been swept or washed off out of sight. Mr.
Burt, therefore, cannot be much amiss in his estimate that
one-third of the loose road-material used in London is
literally wasted by being ground up under the traffic before
the actual consolidation of the surface is effected.

The logical inference is that a macadamised road is not
properly fit for traffic unless it is condensed, consolidated,
and reduced to a hard and regular surface by suitable

# « A New Mode of Constructing the Surface of the Streets and
Thoroughfares of London and other Great Cities,” 1870.
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appliances. The road-roller has long been successfully
employed in France and Germany for this purpose. Mr.
Paget* states that a well-rolled road-covering contains at
least from 70 to 80 per cent. of mass of stone, leaving only
from 20 to 30 per cent. of intermediate space, most of
which is filled, especially at the top, with clean sand. In
a cubic yard, the spaces would amount to from 5} to 8 cubic
feet, which would prove that the spaces are reduced by
rolling to nearly a half of the amount when the new metal
is not rolled. It is scarcely necessary to insist on the in-
crease of durability, and the clear gain in economy of
maintenance, of the road, by efficient rolling. The reduc-
tion of gross bulk by the process of rolling, is measured by
the difference of the volumes of interspace, 13} cubic feet,
or half a cubic yard, and, say, 6% cubic feet, the mean of
5} and 8 cubic feet ; that is, the reduction is (134 — 63 =)
63 cubic feet, which is one-fourth of the primitive bulk, or
one-half of the primitive volume of the interspaces.

It was said by Macadam that the annual wear of
metalled roads amounted to from 1 inch to 4 inches of
depth. The rate of vertical wear is readily calculated
when the area of surface covered and the quantity of
metal deposited are known.

Since a cubic yard of loose broken stone contains only
one-half of its volume, or 133 cubic feet, of solid stone, its
weight, allowing 12 cubic feet of solid granite to 1 ton, is
135
12

Again, one cubic yard is equivalent to 36 square yards
1 inch deep; and 1 ton of metal laid without compression

approximately, 1 X = 13 ton.

to a depth of 1 inch covers an area of (36 II; =) 32
square yards. When the metal is laid and rolled, the

# ¢« Report on Steam Road-Rolling,” p. 10.
o2
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primitive volume is reduced, as was found, by one-fourth,
and 1 ton of rolled metal laid to a depth of 1 inch covers
an area one-fourth less than 32, or (32 X § =) 24 square
yards.

On these data, the following rules are framed :—

RurE 1.— 70 find the average vertical depth of wear per year
of a macadamised road, when the area of surface, and the weight
of metal laid per year, are given.—Multiply the quantity of
broken granite laid per year, in tons, by 32 when not
rolled ; or by 24 when rolled; and divide the product by
the area covered, in square yards. The quotient is the
average vertical depth of wear per year.

For example, Mr. Redman stated, in 1854, that on the
Commercial Road, in the east end of Londop, 10 yards
wide and 2 miles long} the quantity of coating of broken
granite required was from 1 inch to 1} inches deep per
year, or a total of 1,200 tons of metal. The heavy traffic
of the road was then, as it is now, conveyed on two lines
of granite tramway, consisting of four tracks 16 inches
in width, occupying together a width of 64 inches, or 1-78
yards. The mnet width for macadam was, therefore,
(10 —1-78 =) 8-22 yards. The length was (2 x 1,760 =)
8,520 yards ; and the area of macadam was (3,520 X 8-22
=) 28,934 square yards. By the rule, for unrolled metal,
the average vertical depth of material supplied, and of

1,200 X 32 . L
course worn off, was 28934 = 1'33 inches ; which is
nearly the mean of 1 and 14 inches given by Mr. Redman.
The converse rule follows directly :—

RuLE 2.—T0 find the area of surface that can be covered by
one ton of broken granite, when the thickness of the layer 1s
given.—Divide 32 by the thickness of the layer, in inches,
unrolled ; or, divide 24 by the thickness of the layer, in
inches, when rolled. The quotient is the area in square

] wds. -
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When the quantity is given in bulk, the rule is as
follows : —

RuLk 8.—70 find the area of surface that can be covered by
one cubic yard of broken granite, when the thickness of the layer
18 given.—When the metal is not rolled, divide 36 by
the thickness in inches; the quotient is the number of
square yards that can be covered. When the metal is
rolled, divide 27 by the final thickness in inches, to give
the required quotient.

The carriage-way of old Westminster Bridge, 30 feet
wide, was worn away, according to Mr. Browse, at the
rate of 5% inches annually; the carriage-way of Bridge
Street, adjoining the bridge, wears off 7 inches per year.

The quantity of broken metal worn away annually from
the surface of roads, is an exceedingly variable quantity,
dependent not only upon the nature of the traffic, but also
upon the mode of maintaining the road. A simple method
of approximating to the annual rate of wear, when direct
evidence is wanting, is suggested by data given by Mr.
Paget.* He takes the average price of the five-ounce
Guernsey granite metalling, used in London in 1869-70,
at 16s. per ton delivered on the roads, and he shows that
the cost of the material formed a large proportion of the
total cost for maintenance. For instance :—

Total cost for Cost of
maintenance. material,

Bond Street . . . £245 £216  or 88 per cent.
Piccadilly . . . 1384 1369 y» 98,
Bridge Street, Westminster . 341 305 » 89
Parliament Strect . . 528 473 s 90,
Victoria Street . . 869 744 » 86
Kensington Road . . 1588 1414 s 90
Totals . 4955 4611  ,, 91 ,,

showing that about nine-tenths of the whole cost is

% ¢« Report on Steam Road-Rolling,” page 32.
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expended on the purchase of metal. When the total cost
is known, therefore, together with the superficial area of
carriage-way maintained, the cost may be converted into
tons by dividing it by 16s., and the quantity and depth per
square yard, approximately. may be deduced.



CHAPTER 1V.
MACADAMISED ROADS:—COST.
Loxpox.

TrE price of Guernsey metalling, delivered in London,
is now (1877) about 17s. 6d. per ton. An ordinary mac-
adamised road, constructed in the best manner, with metal
laid 9 inches deep, costs, at London prices, 6s. 3d. per
square yard. :

Tt appears, from a table elaborated by Mr. Paget,* that
in 1869 there were 1,127 miles of macadamised roads in the
metropolis, maintained by 39 parishes and district boards of
works, comprising an area of upwards of 21} millions of
square yards. The expenditure for maintenance, exclusive
of cost for cleansing and watering, averaged from four-
teen of the returns, amounted to £250 per mile of road per
year, equivalent to 2s. 10d. per lineal yard. If the average
width of roadway be taken at 10 yards, the cost would be
at the rate of 34 pence per square yard. The ascertained
costs of maintenance appear to have varied from 1% pence
to 2s. per square yard per year for broken granite covering ;
and for granite, and flint and gravel coverings, taken to-
gether, from 14 pence to 147 pence. The following
table, No. 13, is abstracted from the larger table of Mr.
Paget:—

# « Report on Steam Road-Rolling."”’
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TapLe No. 13.—Macapanisep Roaps 1N Lonpon: ANNuAL CosT OF
DMAINRENANCE OF SOME OF THESE RoADs IN 1868-69.
(Exclusive of Cleansing and Watering.)

© Including Cleansing and Watering. ‘
+ Principal thoroughfare of 8t. Martin’s-in-the-Fields cost 2s. per square yard

ear. )
pe; E‘lns cost, of 14}d., is the cost for’ maintenance of Parliament Btreet, White.
hall, Great treet, Broad Sanct: , Victoria Street, Bridge Street, Great
Smith Street, James Street, Kensington Road, Exhibition Road, Princes Street,

and Rochester Row. Total area—72,829 square yards. ‘
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The actual extent of the variation of the cost of mainte-
nance of macadamised roads in Tondon, is not revealed by
these tabulated statements. The costs for individual roads
or streets,—principal thoroughfares,—exclusive of cleans-
ing, have been stated, by various competent authorities,
to be as follows :—

Annual cost.
Year. Per 8q. yd.
Parliament Street . . . 1856 2s. 4d.
Do. . . 1869 3s. 3d.
Bridge Street, Westmmster . . 1856, 1869 3s. 63d.
Great George Street, Westminster . 1856 61d.
‘Westminster Bridge (Old) . . 1854 2s. 0d.
Piccadilly . . . 1834—63 28. 5d.
Do. . . . . 1870 3s. 6d. to 4s.
Regent Street . . 1876 . 8s.7d.
Cranbourne Street and Norl:h Side of
Leicester Square . . . 1870 2s. 0d.
Average annual cost . . 28 74d.

If the average amount of vertical wear be estimated
from these rates of cost, in the manner before indicated,
taking 90 per cent. as the cost for metal, the vertical wear
would be found to vary from 1 inch to 7 inches per year.
But, it must be admitted, this mode of estimation, though
suggestive, is inexact.

Suburban Highways.—The Author is indebted to Mr.
George Pinchbeck for statistics of the cost for maintaining
the suburban highways of the Metropolis, Middlesex side,
for one year, in or about the year 1855. The highways
were comprised in the following Metropolitan Trusts :—
Kensington, Uxbridge, Harrow, Kilburn, Highgate, Hamp~
stead and Islington, Stamford Hill, and Hackney Lea
Bridge.

Total length of roads for this account, 1233 miles.
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Total. Per mile.
Day labour, including the pumping of water . . £9,500 £77-03
Digging gravel and Preparing materials, per contract 1,830 14-84

Tram labour, including watering . . . ., 13,500 109-50
Flints, per contract . . . . . . 1,951 15-82
Gravel do. . . . . . . . 2,460 19-94
Granite and hard stone . . . . . . 29,430 238-60
‘Wheelwright work, per contract . . . . 640 519
Implements . ., . . . 256 2-07
Smiths . . . . . . . 158 1-28
Carpenters . ., ., . . 251 2+04
Bricklayers . . ., ., | . | . 328 2:66
Stand-posts, water-plugs, pumps:—Repairs . 365 2-96
Pavior's bill . . . . . . . . 165 1-34
Water for Roads, from Companies . . . . 2,000 16-22

—_—

Material and Labour . . . . . £62,833 or £509+5

_———

Rent of Premises . .

. . . 270 2:19
Balaries of Eight Surveyors, at £170

. . 1,360 11-03

Do. Engineer-in-Chief . . . 700 568
Deo. Solicitor . . . . . . 400 325
Do. Accountant . . . . . . 360 2-85
General Expenses . . . . . £3,080 or £25'0
— —

Total Cost . . . . . . £65,913 or £534'5
1 1

If the width be taken at an average of 30 feet, or 10
yards, the area maintained per mile would be 17,600 yards;
and the total cost would amount to 7-29 pence, say 73d.,
per square yard for the year. There were required, in
addition, the services of 42 Commissioners, which were
rendered gratuitously.

If the width of the roadways be taken at an average of
30 feet, or 10 yards, the area maintained would amount to
17,600 square yards per mile; and the cost per square
Yard would be as follows :—

Per square yard.
Material and Labour. . . ., ., 6.95 pence
General Expenses . . e . 34,

—

o 7°29 pence.
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The cost for material—that is, gravel, flints, and granite
and other hard stone—amounted to £35,671 per year, or
£289-20 per mile, or about 4 pence per square yard ; being
54 per cent. of the total expenses.

For the purpose of forming an estimate of the quantities
of granite and flints consumed by wear, Mr. Pinchbeck
calculates them from the total costs for the materials,
allowing 15 shillings per cubic yard for granite and hard
stone, and 4 shillings for flints. He thence deduces that
the total quantities consumed were 4,000 cubic yards of
granite laid over 100 miles of road, and 10,000 cubic yards
of flint laid over, say, 25 miles of road ; being at the rate
of about 7% inches deep of granite and of flints for the
year.

Local Roads.—The minor roads of the parish of Islington,
36 miles in length, were maintained by the authorities
themselves. The average cost during four years was
£8,424 per year, or £234 per mile; which, taking an
average width of 30 feet, would be at the rate of 3'13
pence per square yard. .

BreMINGHAM,

According to the results of the experience of mac-
adamised roads in Birmingham, in 1853,* it was found -
that the vertical wear in Bull Street was less than
6 inches per year, where 2,484 vehicles, comprising very
heavy traffic, passed in ten hours in one day. With this
exception, the greatest amount of wear was 4 inches per
year, and, taking the average wear for the whole borough
at 2 inches per year, which was a very high rate, the total
cost for maintenance was estimated at 4d. per aquare feof' "
per year. Adding 2d. for the cost of watering and cleansing,

% «(QOn Macadamised Roads for the Streets of Towns,” by Mr. J. P.
Smith, in the Proceedings of the Institution of Civil Engineers, vol. xiii.
page 221.
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the total annual cost was estimated at 6d. per square
yard.

But the actual cost for the year 1853, when the actual
average wear was 1} inch per year, amounted to a little
over 34d. per square yard. The items of cost are given as
follows :—

Length. Area. Material used. Cost 0s
Miles. 8q.yds. Tons. material.
Urbanstreets . 34 859,040 20,112 rag stone, &c., at 5s. 11d. £5,949 18 6
Buburban streets

and roads s 116 1,429,120 36,107 pebbles and gravel, at 2s,6d. 4,613 7 6
150 1,788,160 56,219 10,463 6 0

Mr. Smith takes the volume of materials at the rate of

a cubic yard per ton, whence the calculated rates of vertical
wear :—

Verhcnl Cost of
Material. material
Cub. yds. d. persq. yd.
mcl{es per year,
TUrban streets . . 20,112 J
Suburban streets and roads . 36,107 0 91  3d.
Total . 56,219 1} 1-40

The cost for labour, haulage, management, &c., inclusive
of cleansing and watering, amounted to £16,131 5s. 6d.;
and the items of cost may be presented concisely thus :—

Birmingham. 1853, Per sq. yd. Pel;illi:ea.l
Macadam 7. £10463 6 0 1-40d. £70

Labour, management, &c. 16131 5 6  216d. 108

26,694 11 6 8:56d. £178

showing a total cost of 3:56 pence per square yard per year,
as before stated; or £178 per lineal mile of street and
road.

The statement in detail, supplied by Mr. Smith, shows
the respective amounts for the various items of cost, as here
given. The proportional values of these amounts are added
as percentages of the total cost:—
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Birmingham, 1853, Per cent.
1. Staff of officers and men . . £6,979 10 7 263
2. Keep of 63 horses, shoeing, and vete-
rinary expenses . . 3216 00 123
3. Ragstone and Hartshill atone . 6,949 186 224
4. Pebbles and gravel . . . 4513 76 170
5. Water . . 771 38 29
6. Cleansing machines a.nd brooms . 965 68 36
9. Team hire . . . . 631 72 24
10, Rent . . . . . 12 00 00005
11. Gearing . . . . 114 64 04
12. Wheelwright . . . . 423 73 16
18. Stationery . . . . 117 79 04
22. Sundry accounts . . . 2840 61 107
Total cost for maintenance, cleansing,
and watering . . £26,594 11 6 100-0 2

Here it is shown that the cost for macadamising materials
for maintenance amounted to about 40 per cent. of the
total cost. The cost of coarse-grained schist, with 23 per
cent. of lime, was 4s. 94. per cubic yard. For heavy
thoroughfares, it was broken up into cubes of about
2 inches; but, in some cases, where the traffic was more
than ordinarily severe, the pieces were 4 inches in thick-
ness. Generally, for streets with less traffic, the thickness
was from 1 inch to 1} inches. The size of the stones was
proportioned to the wear and tear of the streets, and was
suited to the season of the year.

In the management of repairs by Mr. Smith, they were
executed during the'winter months—November, December,
January, and February—when the roads werein their wettest
condition ; and during the other months of the year, the
horses were employed in bringing, and the men in pre-
paring, the broken stone and gravel. The new material,
laid in the wet season, bonded, and became more rapidly
consolidated, than if it had been laid down during drier
weather, and there was less need for watering it. The
consequence was that, during summer, loose stones were
scarcely to be seen upon the roads,
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‘Whilst the average cost for maintaining the whole of
the macadamised streets and roads of Birmingham has
been shown to be about 33d. per square yard per year, the
following estimates were framed by Mr. W. Taylor, of the
first cost, and the cost for maintenance and cleansing the
streets of the greatest traffic in Birmingham, when mac-
- adamised, and when paved with granite sets; taking a
period of fifteen years for the duration of the sets, and
taking a vertical wear of 4 inches of macadam annually :—

Macadam
Birmingham, Per sq&mre Per, year
Macadam 6 inches thick, first cost . 15 6d. or 1 2

Coating laid twice a year, 4 inches thlck .
annually, 14 years at 1s. T ’} l4s. 0d. ,, 112

158, 6d. , 12-4
Cleansing, 15 years at 4d. . . . bs8.0d., 40

Total cost for macadam, in 156 years . 20s. 6d. ,, 164

P Paving. P
er sqmu-e er year.
Paving, first cost . . . 7s 6d. or {
Repair, 15 years . . . 1s. 6d. ,, 12
9s. 0d. ,, 72
Deduct, value of old stone . . 2s. 6d. 20
6s. 6d. 52
Cleansing, 15 years at 1d. . . 1s.3d. 1-0
Total cost for paving, in 15 years  7s.9d. ,, 62

Dersy.

The streets of Derby are, or at least they have been
until recently, macadamised, with one exception, which
is paved. The following instructive table gives particulars
of cost for maintenance and cleansing of twelve principal
streets in Derby, and the proportional traffic.*

# Slightly adapted from a Table given in a Report of Mr. E, B.
Ellice-Clark, Surveyor to the Borough of Derby, May, 1876.
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TaBLE No. 14,— DerpY.—MAcapAnisep STREETS, CosTs FOR MAINTE-
NANCE AND CLEANSING.

Total
ual annual
t for Annual | cost for [Number|
e nta. | cost for |mainte - of vehi-
Name of Street. | Area. Material. n;’;‘l?ee' cleans-| nance | cles in
r ingper| and 12
o S o e
vard. | YA¥% sqg:gd.
sq. yd. s. d. d. 8. d. |vehicles
Bridge Gate .| 2931 || Broken boulders|1 6 61 |2 i 1268
St. Helen’s Street | 1203 | Do. granite.{1 2 [ 17 585
Wardwick . .| 984 Do. do. 1 2 8 111 | 1258
Iron Gate . .|1562| Do. do. 7 4 111 | 1506
Corn Market . |1695| Do. do. 7§ 3} 10% 2031
St. Peter’s Street | 3230 ]]go. b ul%o. 1 2 3 1 65| 2762
0. boulders
London Road . |4859 | Do granite} 72 o3| 1272
London Street .|2847| Do. do. 10, 3 1 1%| 1200
Tenant Street .|1245] Do. do. 1 2 3 1 63| 1250
St.James’s Street | 995 Do. do. ° b 4 10 711
Siddals Road .|4728 (| Do. do- 7 | 3 103 | 1931
Averages for 1
verages T } - -_— 11 | 44 |1 3} 1434
Derwent Street,
paving down 3483 || Sets3” x 6” | mnil 21 211 1668
7 years

It is to be remarked, in this table, that the boulder
macadam of Bridge Gate incurs a higher cost for mainte-
nance than any of the granites. Wardwick, upon which
the greatest cost for cleansing is expended, is cleansed
daily. The average annual cost for maintenance for eleven
macadamised streets is 11d. per square yard, and for
cleansing 43d.; whilst, for the seven years during which the
paving has been down, it has not cost anything for main-
tenance, but it has cost for cleansing 23d.

Mr. Ellice-Clark has formed estimates of the cost for
construction and maintenance of granite-set paving, in
substitution for macadam, for five streets in Derby; from
which the following table, No. 15, is compiled :—
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TasLE No. 15.—DerpY :—EsTIMATED Cost rom PAaviNg AND MarNTAIN-
NG Five Streers.

Granite Sets 3 inches wide by 6 inches deep.

The first cost includes the cost for a foundation of con-
crete. No deduction has been made by Mr. Ellice-Clark
for the value of the old materials; this is taken as equi-
valent to the cost of removing the existing macadam. In
the estimates for maintenance, provision is made for taking
up, re-dressing, and re-laying the stones once during the
period.

From the foregoing data, a comparison is readily framed
between the costs in perpetuity for macadam already laid
and new granite-paving, including a foundation of con-
crete, for the five streets named in the last table :—
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TasLe No. 16, —DErsY :—CoMPARATIVE CosTs FOR GRANITE PAvE-
MENT AND MACADAM.

Pavement of Granite Sets, 3 inches by 5 inches deep.

Total cost for pave-i Total cost for
ment per sq. yd., || macadam, Y
Dura- | including founda- || laid, per square Number
. tion o tion of concrete. yard. of
Name of Street.” | o) veh 1'3
: n 12
; ment. | For the For the hours,
. whole . |Per year.| whole |Per year.|
| period. period
! |
Years.| s d.|[s d. 8. d.|s d. |Vehicles.|
Bridge Gate . 24 25011 49 0| 2 1268
St. Helen's Street 29 25 4 10 47 9|1 7 585
London Road . 32 21 8 8 24 8 9. 1272
Tenant Street 28 23 8 10 { 42 711 6 1250
Siddals Road 32 22 4 8318 6 10 1931
Averages 29 | 242| 10 ‘ 39111 43| 1261
SUNDERLAND.

Mr. D. Balfour* reported, in 1876, on the cost for main-
tenance of the highways of the Sunderland and Houghton-
le-Spring District, before and after the passing of the
Highway and Turnpike Act of 1869. For the maintenance
of 77} miles of highway, the following were the respective
costs. The last two lines are added by the writer :—

AVERAGE ANNUAL EXPENDITURE.

D%ring last Dgring last Dgringla.st
014 ‘Act. Nrhe.  Newaa.
Materials and Labour. £1,903 £1,735 £1,609
General Charges. e — 284 277
Total Cost . £1,903 £2,019 £1,786
Do. do. per milo . £24+5 £26 £23
Do. do. per square yard . . .
allowing width of 30 feet ] 3340 §:65d. F14d.

¢ «Road Legislation and Surveying.”
Surveyor and Engineer to the Sunderland and Houghton-le-Spring
District Highway Board, 1876.

By D. Balfour, A.LC.E.,
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DistrIcTs NEAR EDINBURGH, GLASGOW, AND CARLISLE.

Mr. James H. Cunningham, in his paper already noted,
gives the following particulars of cost of construction of
macadam roads in the south of Scotland :—

Country Roads (1861—1874) cost from 1s. 2d. to 1s. 6d.
per square yard.

Town Roads, founded on shivers, or on hard set stone : —

15 inches of metal (1871) cost 1s. 9d. per square yard.
16 ,, » (1874) ,, 2s.4d. » »
18 ,, » (1873) ,, 2s.113d. ,, »”»

Of whin metal, from 2 inches to 2} inches thick,—the
average price (1861—1874) was 4s. 10d. per cubic yard.
In Edinbugh (1874) the price was 5s. 9d. to 7s. 3d. per
ton, averaging 6s. 84. per ton, and as, according to Mr.
Cunningham, one cubic yard of whin metal, containing
40 per cent. of vacant space, weighs 27 cwt., the average
price is at the rate of 4s. 10d. per cubic yard,—the same
as the average already given.



CHAPTER V.
CONCRETE ROADS.

Mgz. Joserr MircHELL designed a concrete macadam sur-
face, in which the spaces, otherwise vacant, and ultimately
filled with the muddy cementing matter of worn macadam,
are, in the comstruction of the concrete road, filled with
an admixture of Portland cement, or other hydraulic
cement grout. The concrete thus formed rapidly becomes
a uniform and impervious mass, which is wholly unaffected
by heat or moisture. It is mixed in these proportions:—

Broken stones . . . 4 measures.
Clean sharp sand . . 1}to1}y
Portland cement . .01

”

So, for a cubic yard, or 27 cubic_feet, of broken metal,
63 cubic feet, or 1} barrels (of 4} cubic feet), of Portland
cement, are required. The broken metal should be of the
hardest quality, of uniform size, thoroughly screened ; and
it should, when in the screen, be dipped up and down in a
large tub of water, and then thrown on the platform on
which the concrete is to be made. Cement of the best
quality must be employed, and the sand should be sharp,
clean, and gritty. The surface of the ground is brought
to form, and rolled several times. The concrete is then
laid on the surface in a layer 3 or 4 inches, and is left for
three days to harden. The second layer of 3 or 4 inches
is next laid on the first, and tmmediately rolled to form
with a heavy iron roller, as heavy as two or three men can

r 4
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draw. The cement should be left for three weeks, to allow
it to become quite hard, before the road is opened for
traffic, although a week has been found to be a sufficient
interval.

Mr. Mitchell states that a concrete road, 7 inches deep
at the middle and 5 inches at the sides, is sufficient for
ordinary traffic. For heavy traffic, a depth of 8 inches is
recommended.

The first piece of concrete road was laid, in 1865, in

Inverness, and consisted of 45 lineal yards of the approach
to the goods station of the railway. In 1870, after the
road had been under traffic for 44 years, it was reported
that the wear of the surface was scarcely appreciable,
whilst the adjoining macadamised road had been coated
frequently every year.
+ Another specimen, 50 yards long and 15 yards wide,
was laid in 1866, on George IV. Bridge, Edinburgh,
where the traffic is heavy and continuous. At the end
of 3} years, under traffic, the surface was perfectly sound
and immovable.

The amount of vertical wear, during the periods above-
named, appears not to have exceeded } inch. But Mr. J.
H. Cunningham, writing in January, 1875,% stated that it
was then much worn at the surface, in consequence, he
thought, of its great hardness and rigidity.

A concrete road, of 6 inches average depth, would cost
in London, by Mr. Mitchell’s estimate, 6s. 10d. per square
yard, against 6] 34. per square yard for an ordinary
macadamised road, constructed in the best manner, with
9 inches of metal.

# See Mr. Cunningham’s paper on “ Streets,” in the Proceedings of
the Edinburgh and Leith Engincers’ Society, 1874-75, page 18,



CHAPTER VI
MACADAMISED ROADWAYS IN FRANCE.

M. Dumas, in the article already referred to (page 20),
maintained that, if a macadamised road be properly and
actively watched, levelled, and cleaned, a foundation, as
such, is of no special utility, and may be suppressed ; and
that the road should be simply a uniform bed of small
materials.

The width of the old roads, he says, was excessive,
amounting sometimes to nearly 80 feet, with a pavement
in the middle, from 16 to 20 feet wide. They are now
made of widths of from 8 to 14 metres, or 26 to 46 feet.
Type-sections of French and Belgian roads and streets are
shown in Figs. 42 to 44.

There is no need, says M. Dumas, for great thickness of

Fig. 42.—B8ection of Rue de Rivoli, Paris.

road, provided that a compact and impermeable mass be
formed, completely shielding the ground from moisture.
The least thickness that may be given depends on the size
of the materials. If the pieces are 2 inches or 24 inches
diameter, mixed with pieces of smaller size, a solid road-
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way may be formed, of a thickness not exceeding 4 inches.
Inferior quality of material, bad ground, or heavy traffic,
does not imperatively demand greater thickness, if the
road be well and continuously maintained. Four inches

X
79 & i 67— 563

Fig. 43.—Type-Bection, Bas-Rhin, '
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of thickness may be regarded as sufficient : it may be pru-
dent to make a thickness of 6 inches; and any excess
above 8 inches is completely useless.

Fig. 44.—Type-Section, Belgium.

The curvature of the old roads was excessive. The rise
was from 1in 14 to 1in 12. The most convenient rise is
1 in 33, which is much more than sufficient for a well-kept
road. The minimum appears to be 1 in 50 ; which is the




CONSTRUCTION. 167

slope upon which the weight is in equilibrium with the
frictional resistance on roads in good condition. When
newly made, the rise may be 1 in 25, to allow for the
greater wear at the centre than at the sides. The form of
the base, or surface of the ground, may follow the curva-
ture of the surface; but M. Dumas prefers a horizontal
line, as in all respects preferable. A road 10 metres, or
33 feet wide, with a rise of 1 in 33, and an average thick-
ness of 4 inches, on a horizontal base, would have, accord-
ing to M. Dumas, a thickness of 8 inches at the middle or
crown, and 2 inches at the sides. But these measure-
ments are not consistent with each other.

The material for the road must have the qualities of
hardness,” and facility for binding. The largest pieces
must pass through a 24-inch ring; the smaller pieces
occupy the interspaces. The 2}-inch gauge is perhaps too
large for very hard material, but it is more than sufficient
for the softer materials. The smallest débris of broken
material should be preserved, and spread on the surface.
For gravel, the lower limit of size is fixed by the use of a
sieve having $-inch meshes; otherwise there may be no-
thing but sand for binding. The smallest pieces should
be on the upper surface; if not, the upper pieces are
broken. It is well, finally, to break the pieces on the
made surface : the débris binds.

For the consolidation of the road, it should be rolled
and watered. The cylinder of the roller should be from
6 foet to 64 feet in diameter, and 5 feet wide; weighing,
empty, 3 tons, and full, 6 tons. The maximum weight,
when loaded, should be from 8 to 10 tons. These weights
give a pressure varying from 112 pounds to 370 pounds
per inch of width; the sufficiency of which has been
proved by experience. The empty roller is first used;
then the full roller; and, lastly, the weighted roller.
Sand or other binding, with water, are thrown on the

r
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surface at intervals; the water helps to bind the new
material. The material binds most speedily when the
thickness is 4 or 5 inches. For this thickness 8 or 10
traverses are sufficient:—two traverses dry, with the
empty roller; two, with a layer of detritus and the empty
roller ; two with the full roller, two with the loaded roller,
and one at an interval of from 8 to 15 days after the road
is opened for trafficc. The same number of horses per-
form the work of rolling from first to last. But the sur-
face of inclined portions may be injured by the feet of the
horses ; and the injury is partially prevented by increas-
ing the number of horses. It is nearly impossible to roll
over inclines steeper than 1 in 20.

If the metal is more than 4 or 5 inches thick, it should
be deposited in two successive layers, to be rolled succes-
sively ; although the first layer should not be completely
rolled ; and the second layer should be laid after the sur-
face of the first has been roughed by the traffic.

The surface is kept up by the use of a stamper or
rammer, weighing from 15 to 20 pounds, which is 8 inches
in diameter at the base, and is shod with iron. In some
cases, stamping may be applied with advantage, instead
of rolling.

A road constructed on the system above described,
4 inches thick, is superior to a road 8 or 10 inches in
thickness, consolidated by wheels, and with successive
additions of material.

The flanks of the road or the bermes (accétements), con-
sisting of the natural ground, are fit for traffic during the
greater part of the year.

‘ All these proceedings,” says M. Dumas, “have, for
their basis, the principle of the mazimum of beauty.” «



CHAPTER VII.
~ STONE PAVEMENTS—CITY OF LONDON.

Ir has been stated that the streets of London were, pre-
viously to the introduction of granite sets, paved with
pebbles or boulder-stones, which were bedded in sand, and
constituted pebble-paving. This pavement was gradually
superseded by a pavement of irregular blocks of stone, and
ultimately by rectangular granite sets, or ‘‘ cubed granite,”
as they are sometimes designated ; until, in 1848, there re-
mained only one mile of pebble-paving in a total length
of 50 miles, in the City alone. Granite sets of comparatively
large dimensions were at first employed. They were
from 6 to 8 inches in width on the surface, by from 10 to
20 inches in length, with a depth of 9 inches. As origi-
nally laid, they were merely laid in rows on the subsoil,
and, after the usual process of grouting and ramming,
the street was thrown open for the traffic which was ex-
pected to perform the last duty of the pavior, and to settle
‘each stone upon its bed. The large wooden rammer, of
84 pounds weight, was obviously insufficient for the pur-
pose of enabling the pavement to resist, without further
movement, the percussion of heavily weighted wheels. In
1850, however, and probably for some time previously, it
had become the general practice to make a good sub-
stratum of *“ hard core,” consisting of shivers, broken stone,
brick rubbish, clinker, or other hard material,—not
necessarily of the size of macadam, nor, on the contrary,
I
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laid on a pavement on the Telford system of road-making,
but a medium between these extremes of practice, such as
Telford himself recommended in 1824. The substratum
of hard core has been usually laid to a depth of from
9 inches to 12 inches; but a thickness of 15 inches has
been laid down in the principal streets of the City. Upon

Fig. 45,—8tone Pavement of King William Street, City of London.

the hard core was laid a stratum of sand, into which the
stone sets were bedded. Fig. 45 shows a section of
King William Street, as originally paved.

The following table, No. 17, gives the dates of the for-
mation of some of the earliest carriage-way granite pave-
ments laid in the leading thoroughfares in the City of
London, with their superficial dimensions, and the lengths
of time that they remained before being removed to other
places.*

* * This table is compiled from the Reports of Lieutenant-Colonel
Haywood, Engineer and Surveyor to the Commissioners of Sewers
of the City of London. The writer is indebted to this valuable
series of Reports for the greater proportion of the materials employed
in the preparation of what follows with respect to the streets of the
City of London.
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TasLe No. 17.—Crry or LoNboN :—EARLIEST CARRIAGE-WAY GRANITE
PAvEMENTS IN LEADING THOROUGHFARES.

Aberdeen Granite Sets, 6 inches wide by 9 inches deep.

of Thorongh- || Wh
Name fare. Tid. Whe.?pt"ke m ! Remarks.
W e

idge Street . !
Ilil!:gg:tfﬂlﬁ . ”, 1844 16
Ludgate Street .| » 1847 19
Dot St L, | 13 | 2 |
Poultry . .| 1820 | 184184311813 g dfor wood paving
-Cheapside . .[ » [1843&'44|14&15 { D t0 1547,

i Street || 1830 — — | Relaid in 1858

Shinne Smer | 0 s | 1
Newgate Street . 9 1842 12 Removed for wood paving|
Aldersgate Street . || 1831 1857 26
St.I;z;d 's Church- } " 1847 16 |
Hobora . .| » 1849 18
Threadneedle St, . 9 1862 31
Fleet Street . .|| 1832 1846 14
Fenchurch Street . M 1852 20
Cannon Street . » 1856 24
Walbrook . . I
Littletquor{i)elgs 1833 _ — | stil down in 1858
Kix(fgwsﬂmliam' Yol st | 110 | 15 j
Princes Street .|| 1836 1850 15 |
Mark Lane . .|| 1837 1856 19
Houndsditth .| ,, 1853 16,
Fore Street . .1 1838 18566 18

Nearly the whole of the stones which formed these early
pavements was removed to and laid in places of secondary
traffic within the City, where their duration has been as
great as, and in some instances greater than, it had already
been in the original thoroughfares.

The cost for reparation, up to the year 1840, of 36 streets
laid with granite sets 6 inches wide and 9 inches deep, in-
cluding nearly all the streets named in the preceding table,
was calculated by Mr. Kelsey, formerly the City Surveyor,
and the results are given in the following table, No. 18.

12



172 STONE PAVEMENTS—CITY OF LONDON.

TaBrLE No. 18,—CosT FoR REPARATION OF CARRIAGE-WAY PAVEMENTS,
Laid with 6-inch Granite Sets, in the City of London, up to the

year 1840,
Average
cost of repa- oo:t':fnxs:l-
Name of Street. ration per Name of Street. ration per .|
square yard square yard
per year. per year.
panoe. pence.
Aldgate High Street | over | Holborn . . over 1
Al%ate Street, a.nd King Street, Snow
dgate over Hﬂl over %
Aldersgate Street . | over Street, Cheap-
Arthur Street West sn e . . .|mot 3
Bishopsgate Street Leadenhall Street . | nearly 2
Without . over 4| Lo e . . | not
Bmhopsgate Street Lo'tlnﬁ)ard Street .| mearly 1
. over }| Ludgate Hill and
Budge Row  and Street . . . | not %
‘Watling Street . 1} | Newgate Street . 3
Cannon Street. .| nearly 1 || New Brldge Street
Cheapside and Poul- & not
try . . . 13 {| O1 Baﬂey %Je.rt of) 2
Coleman Street .| not Pavement, not
%orn]:ullte _— . overl (Slueemm(;ar% . no:
owgal nearly hoe 0 no
Farringdon Street . | not St Paul 8 Chur21
Fenchurch Street .| over over }
Fleet Street . .| nearly 1 Threadneedle Street not 1
Figh Street Hill . | not Walbrook . 23
Gracechurch Street. | not 1 | Wood Street . .| over 1
Holborn Bridge and
Skinner Street .| not 3 Average cost for re-
Holborn Hill . . 1 pair,say . .| 1 penny

The average cost for repair, according to the table, may
be taken at 1d. per square yard per year. The first cost
was considerably affected by the nature of the pavement
laid,—the size of the stones, the nature of the granite, and
- the market price of the material. Colonel Haywood esti-
mated that, for stones 9 inches in depth, it ranged from
11s. to 17s. per square yard.

The long continuance of the system of paving with large
blocks resulted from the experience of their great dura-
bility and economy in first cost. But they did not afford
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sufficient foothold for horse-traffic. Granite sets of less
width were subsequently laid:—they were 5 inches and
4 inches in width; and, finally, sets of only 8 inches in width
were laid. The 3-inch sets, with a depth of 9 inches, al-
though they were considered to be the least durable, and
the greatest in first cost, proved to be by far the safest for
paving, and they gave more satisfaction than the wider
sets. The merit of their introduction is due to Mr. Walker,
under whose direction Blackfriars Bridge was, in 1840,
paved with 3-inch granite sets. Mr. Walker attached
great importance to the obtainment of a solid substratum.
Blackfriars Bridge, to the paving of which allusion has
already been made, was closed for some weeks, in order
that the concrete foundation might have time to set and
harden, before the pavement was laid down. The narrow
granite sets were laid with a great degree of accuracy, and
the whole mass was bedded as if it was composed of bricks:
the stones were bedded in good mortar, and the joints were
well filled with it, and in consequence of the careful work-
manship, with the use of narrow stones, the work remained
good for 13 years, at the end of which time it was lifted.

From that time—1840—the use of 3-inch sets was ex-
tended, until, in 1848, there were, in the City of London
alone, three miles of carriage-way paved with them. The
following analysis, prepared by Colonel Haywood, shows
the lengths of the various kinds of pavement in the City
of London, in November, 1848 :—

Crry or LoNpoN PAvEMENTS, IN NOVEMBER, 1848.

. Miles.
Carriage-way pavement of pebbles or boulders . . about 1

Carriage-way pavement of 6-inch, 5-inch, and 4-inch
granite sets (nearly the whole bemg 6-inch sets) . 28}
Carriage-way pavement of 3-inch sets . »w 3

‘Wood pavement, various kinds . . . . ” 3
Macadamised road, in Finsbury Circus . . . » 3
Flagstone paving, courts, alleys, &c. . . . 16}

TOM . . L] . 60
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In 1851, there were 51 miles of public ways in the City,
containing

441,250 square yards of carriage-way, averaging for, say, 34} miles,
about 22 feet wide.
328,907 square yards of footway.

770,167

In 1866, Colonel Haywood reported that there were
then 50 miles of public way :—

Miles.

Main thoroughfares . . . . . 7

Collateral thoroughfares . . . 28

Minor streets, courts, alleys, pa.ssages, &c . .15

50

Area of carriage-way, about . . 390,260 square yards.
Do. footway w e . 309,018 »
699,278 ”

Regarding the question in all its bearings, Colonel
Haywood concluded that the 8-inch granite sets, being
safest, as giving the best foothold, were the best for large
towns with great traffic. On such a pavement, horses
were less strained, there wasless wear and tear of vehicles,
and a greater degree of quietness and general comfort.
They made the most even pavement, and they retained an
even surface, longer than any other stone pavement that
had been tried.

In adopting, in 1848, the conclusion that 3-inch sets—
that is, granite sets 3 inches in thickness, with a depth of
9 inches—were the best for large towns, Colonel Haywood
had before him the experience of a trial piece of what was
called the Euston pavement in Mount Sorrel granite, which
had been laid in 1845, in Watling Street, and relaid in
1848. This pavement derived its name from the circum-
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stance of its having been laid about the year 1843, at the
departure side of the Euston Station of the London and
North Western Railway. The same sort of pavement had
previously been tried experimentally, and for the first time,
in 1838, at Birmingham, at the crossing of a street, where
heavy loaded wagons were constantly passing over it, and,
in 1850, it was stated by Mr. William Taylor* to be in as
perfect a condition as when it was first laid. Mr. Taylor’s
motives for advocating the Euston pavement, were based
upon the principle advocated by Macadam,—to provide a
foundation possessing a certain amount of elasticity, but of
sufficient strength to support the surface material; but he
substituted ““one stratum of solid granite,” in the form of
paving-stones 4 inches deep, for an equal depth of mac-
adam or broken ring-stone :—thus endeavouring to com-
bine the elasticity, so-called, of a macadam road, with the
durability of a paved road. As laid at Euston, the ground
was first removed to the depth of 16 inches below the in-
tended level of the pavement, the bottom being formed to
the convexity of the intended surface of the street. A
layer of coarse gravel, 4 inches thick, was spread upon the
bottom; and compressed by being rammed equally through-
out. Upon this layer was placed another layer, 4 inches
thick, of gravel mixed with a small proportion of chalk, or
of hoggin, and rammed likewise. A. third layer of the
same materials as the second, but of a finer quality, was
distributed, and the whole was well rammed together, to
form a solid and level surface ready to receive the pave-
ment. Upon a 1-inch bed of sand, stones of Mount Sorrel
granite were laid, measuring 3 inches wide, averaging

% Proceedings of the Institution of Civil Engineers, 1840-50;
vol. ix., p. 214 ;:— Observations on the Street Paving of the Metro-
polis; with an Account of a peculiar system adopted at the London
and North-Western_ Railway Station, Euston Square,” by William
Taylor.
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4 inches in length, and from 3 to 4 inches deep, neatly
dressed and squared ; and carefully and closely jointed, in
order to prevent any single stone from rocking in its bed.
A rammer of 55 pounds weight was then applied over
the whole surface, after which the pavement was covered
with a sprinkling of screened gravel. The maximum
cost of the Euston pavement, the foundation included,
was said to amount to 12s. per square yard. Mr. Dock-
ray, resident engineer of the railway, in testifying to
the excellency of the Euston paving, stated that the car-
riage-way had previously been substantially executed,
according to the old system, with stones 8 inches deep,
laid upon a substratum of concrete; but that the stones
became much rounded on the upper surface, and were
required to be removed. In the Euston pavement he
stated that, by reason of the smallness of the stones,
they never became rounded on the upper surface by
wear, a8 was the case in ordinary pavements of large
stones. The Euston pavement was subsequently laid in
the large esplanade in front of the booking offices at
Euston station. The carriage-way traffic at Euston sta-
tion has of course been of a light order,—limited to
carriages, cabs, and omnibuses.

Reverting to Colonel Haywood’s piece of Euston pave-
ment, in Watling Street, he had experienced a difficulty in
obtaining a satisfactory test of the durabilities and cost of
various pavings; and, with a view towards the settling of the
question of the most useful dimensions of granite sets, for
the carriage-ways of the City, he recommended that different
sorts of stone-paving should be laid in Moorgate Street.
The experimental pieces were laid, all af the same time, in
October, 1848. The situation was well chosen, for the
different pieces of paving were as nearly as possible sub-
jected to the same amount and kind of traffic, with the
usual disturbing and destructive influences. Thd dimen-
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sions and the first costs of the experimental paving are
exhibited in Table No. 19,

TasLe No. 19.—Crry or LoNDON:—ExXPERIMENTAL PaviNg IN
MooraATE STREET, 1848—056.

Dimensions and First Cost.
Dimensions of Sets.
First cost
Name of Granite., ‘Width or per square
thickn Length at yard com-
Depth. | gt the sur- | the surface. |  Plete.
face.
inches, inches. inches. s. d.
1. Blue Aberdeen . 9 4 8 to 12 13 8
2. Mount Sorrel . 9 4 8 to 12 14 9
3. Blue Aberdeen . 9 3 8 to 12 16 3
4. Mount Sorrel . 9 3 8 to 12 17 °0
6. Blue Aberdeen . 5 3 5 10 9
6. Mount Sorrel . [} 3 5 12 0

Note To TasLe.—The cost of the substratum is not included in
the above prices, but the whole of the specimens were laid upon a
substratum of equal depth and compactness, and the cost for a founda-
tion may be taken for all practical considerations, as being the same
for the whole. The prices given, therefore, are for the new granite
surface only, laid and grouted with lime and sand, and left complete.

The pavings were duly and carefully maintained during
the eight years from October, 1848, to October, 1856, under
Colonel Haywood’s personal superintendence. The accounts
of charges for maintenance were accurately kept, and the
results, with additional particulars, are given in Tables
Nos. 20 and 21. ’

13
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TasLe No. 20.~Citry or LoNDON :—EXPERIMENTAL PAviNG IN MOORGATE
STREET, 1848—56.

Cost for Reparations.
Cost for| Annual Cost for
xgpargf inlgruest tion a.nd
tion in |at 5 per|interest|| Date of first reparation after laying|
Name of Granite. 8 years,/cent. on| to- down the several pavements, in
LR
year. (sq. yrd.fyard per|
year.
d. d. d.
1. Blue Aberdeen . || 2076 | 8:20 |10-27 || In quarfer ending M’mas, 1852
2. Mount Sorrel .|| ‘96 | 870 | 9:66 || In half year ,, » 1852
3. Blue Aberdeen . || 462 | 974 | 1436 || In ,, » » 1851
4, Mount Sorrel . || 1872|10.20 [12:07 ||In ,, 1866,
5. Blue Aberdeen . || 6684 | 6'46 |13'14 || In quarter end.mg Mar. 26, 1851
6. Mount Sorrel . || 5-844 | 7-20 |13:04 || Inhalf year ending M’ mas, 1852
Averages . . .|l 3672 | 841 |12:08

Tasre No. 21.,—Crry oF LoNDON:—EXPERIMENTAL PAvING IN
MooRGATE STREET, 1848—66.

Data showing Comparative Values.
Number Cubic Area of
Area of a
Name of Granite, iﬁi’;&?ﬁe surface of ???;t“ relen“rg in ml:iﬁui’;:”
‘ yard., |omestome. “giie. | 8years. | gyenrs,
square cubic
stones. | inches. inches. | percent. | percent.
1. Blue Aberdeen . 29 447 4022 1198 1-63
2. Mount Sorrel . 26 518 466°6 41-8 75
3. Blue Aberdeen . 36 370 3333 2436 393
4. Mount Sorrel 34 381 3431 108-7 82
5. Blue Aberdeen . 51 254 1270 2632 20°17
6, Mount Sorrel 67 22-7 1137 308°1 707

From the foregoing data, it appears that Aberdeen stone
required earlier and more extensive repair and remewal
than Mount Sorrel stone; and that the pavings composed
of the smallest stones needed more reparation, and the
insertion of a greater quantity of new stone, and cost
more for repair, than those composed of the larger stones.

Colonel Haywood states that these conclusions accord with
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the results of his general experience; but that the single
conclusion which could safely be deduced was that, within
- the limits of the sizes of stones laid in the experimental
paving, the cost for repair upon similar paving was in-
versely as the size of the stones.

In 1855, the experimental paving was to a great extent
relaid; and in 1858 it was wholly relaid. In 1864, when
it had been down altogether 16 years, it was removed.
The first cost averaged 14s. 3d. per square yard, and the
total cost for laying and repair during the 16 years it was
down, not including any charge for interest on first
outlay, was—

First Cost . . 104d. per square yard per year.
Cost for Repair . . 43d. » 9
Total Cost . . 154d. » ”

Referring to Table No. 20, it is seen that the average
annual cost for repair, during the first 8 years, was only
3:67 pence per square yard. The greater cost during the
last period of 8 years, arose no doubt from the inferior
condition of the pavement, due to the loss of depth of the
sets by wear; and to some extent, also, from the augmented
traffic.

Granites of various qualities have been tried for carriage-
way pavements in the City :—Aberdeen, Guernsey, Herm,
Devonshire, Cornish, Mount Sorrel. The harder and more
_ durable granites, like the Guernsey and the Mount Sorrel
granites, though the more economical, possess the fault of
slipperiness when set in pavement; the less durable granites
wear roughly, and therefore afford a better foothold for
horses. Hence it is that, for the sake of public convenience,
the hardest and most durable granites are not employed.
The hardest granites have invariably caused so much dis-
satisfaction: that they have had to be removed before they
had been down many years. For instance, Penmaenmaur
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greywacké paving was laid in Newgate Street in 1851, and
it was removed after a trial of 2} years, as it was the cause
of repeated complaints of slipperiness and noisiness. The
Aberdeen blue granite sets have for the most part been
employed in the construction of City pavements; they are
considered to be the best, taking together the first cost,
the durability, and the absence of slipperiness.

Since the cost of a pavement depends upon the material
of which it is formed—the width of the street, the extent
and nature of the traffic, and other conditions—it fol-
lows that, in no two streets is the endurance or the cost
the same, and the difference between the highest and the
lowest periods of endurance, and amount of cost, is very
considerable. The practice pursued, almost uniformly,
with respect to the rotation of granite paving, is to lay
the new granite in the main thoroughfares; when their
pavements are considerably worn, and the stones require
to be reworked before they can be advantageously relaid,
or when an entire relay of the surface is needful, the worn
granite is removed, and new granite laid in its place. In
this way, it most commonly occurs that the pavements in
main thoroughfares are removed before they are worn out.
The old material is taken to the stone-yard, where it is
mixed with the general stock, reworked, sorted into sizes,
and laid in other, and secondary, thoroughfares when
needed. Thus the duration or life of the stones may be
doubled, or more than doubled. ¢Indeed, with the excep-
tion of the portion worn off by the friction of the traffic,
not a fragment of granite paving may be said to be lost.
After passing its first years in a leading thoroughfare, it
goes into a secondary thoroughfare until completely worn
down and rounded, and will even then command a price of
from 1s. 6d. to 2s. 6d. per square yard. Not even a frag-
ment that is knocked off the component stones, when
undergoing the operation of being dressed into shape, is
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lost; as it is made available either directly for macadam-
ising, or for forming substrata to other pavements; or, if
such employment cannot be found for it, it will always com-
mand a good price by its sale. In truth, granite can only
be said to be worn out when it has been broken up for
macadamisation, and then crushed into powder by the
vehicles.”

It is due to the system of rotation, above described,
which largely conduces to the general convenience, that
although the general cost for repairs is accurately known,
the cost of most of the pavements individually, during a
term of years, cannot be arrived at, excepting by estimation.

Moreover, it is to be borne in mind, on the question of
the durability and cost of stone pavements, that the traffic
of the City has not been stationary, but that it has gradu-
ally increased in the course of years, and that, to arrive at
a just conclusion, the traffics of the periods brought into
the comparison are to be duly considered. The following
is a selection of a few principal streéts in the City, with
average numbers of vehicles by which they were traversed
in 12 hours during one week-day, between 8 a.m. and
8 p.m., in July 1850, and in June, July, 1857. These
data are abstracted from reports made by Colonel Hay-
wood :—

TasLe No, 22.—Crry or LoxpoN:—NUMBER oF VEHICLES WHICH

TRAVERSED FIrTEEN PrINCIPAT, THOROUGHFARES IN 12 HOURS,
IN 1850 AND 1857 ; WITH A FEW DATA FOR 1865 AND 1871.

Number of Vehicles
Name of Thoroughfare, which traversed the In 24 hours.
. street in 12 hours.

year 1850.| year 1857, | year 1865, | year 1871,

Temple Bar . . . 7,741 9,883 | 11,972 —_
Ludgate HilL . . .| 6,829 | 10,626 | — —
Cheapside . . . .|11,063 | 13,612 | — | 11,900
Poultry . . . .1 10,274 | 11,667 —_ 9,600
Cornhill . . . .| 4,916 5,266 — —
Old Broad Street . . . —_ — —_ 2,600

Carried forward .
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TasLe No. 22—continued.

Number of Vehicles
Name of Thoroughfare. which traversed the In 24 hours.
street in 12 hours,
year 1850. | year 1857. ' year 1865, | year 1871.
Brought forward .
Leadenhall Street . .| 6,930 | 4,325 — —
Lombard Street . . .| 2,228 1,644 — 2,600
Fenchurch Strect . . .| 3,642 5,273 — —
Bishopsgate St. Within .| 4,842 | 6,283 | — —
Bishopsgate St. Without .| 4,110 | 6,804 | 7,366 —
Gracechurch Street . .| 4,887 | 6,267 —_ —
London Bridge . . .| 13,099 | 18,179 | 19,405 —
Newgate Street . . .| 6,375 | 8,341 — 7,400
Aldersgate Street . . .| 2,690 | 2,719 | 3,936 —_
Blackfriars Bridge . .| 65,262 | 6,723 | 9,660 —_
Southwark Bridge . | = — 4,700 —
1
Totals . B . .| 93,778 i’ll5,402

Note To TasLe.—Equestrians were included and numbered as
vehicles. These numbers were 80 small as not materially to affect the
quantities.

The gross increase of traffic, from 93,778 vehicles in
one day in 1850, to 115,402 vehicles in one day in 1857,
amounted to 22} per cent. in seven years, or at the rate of
about 3 per cent. per year, on the traffic observed in
1850. But, it must be remarked that the traffic may not
be similarly augmented in every street individually, since
the streams of traffic are modified by the opening of
new streets and new railway stations. Instances of such
fluctuations are observable in the numbers of vehicles
given in the last column of the table.

~ The following data for the duration of 3-inch granite
pavements in the streets of the City, have been gleaned
from Colonel Haywood’s reports. It is shown that the
paving only lasted 6 years in the Poultry; and it may here
be noted that the granite pavements of the Poultry, next
to the kerbs, or next to the tramways, needed repair at
about the end of the first year. Omitting the very short
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and very exceptionally -tried pavement of the Poultry, as
well as the second pavement in Cheapside, which was
prematurely removed, the average of the observed dura-
tions was 15} years:—

TaBLE 23.—DuRATION OF GRANITE PAVEMENTS IN 80MB PRINCIPAL STREETS
v THE Crry or LoxpoN. 1845—1863.

Aberdeen Granite Sets, 3 inches wide and 9 inches deep.

< Gitwation. | Laid | Relaia. | Them || DU~ | Obeervations,

Year. | Year. | Year. || Years.

Cost for ropair,
Poultry . .| 1846 —_ 1852 6 { 2:66d. per square
_ yard per year.
Chespeids (portion) 1846 | 1853 | 1861 ) 15 | ;
eapside (portion aken up for as-
1861 — |1870|| 9 { phato,

Cheapside (east end) | 1847 | 1853 —
St.Paul’sChurchyard | 1847 |1853&’58| 1863 || 16
Ludgate Hill . .| 1844 | 1853 | 1863 19

Ludgate Strect .| 1847 | 1853 — —_
Cost for repair,
Fleet Street . .| 1846 | 1853 | 1860 | 14 { 3d. per square
yard per year.
Newgate Strcet . | 1846 | 1854 - —
'.S['hreadnlanSetsleet . | 1845 |1848&’56] — — | Widened in 1848.
o ‘
Stroct (West) } 1848 | 1857 | 1862 || 14
e Steet | gee | 1852 | — | —
Fenchurch Street
(Westy . . |1845| 1852 | 1861 || 16
Leadenhall Strect 1845 | 1862 | 1857 12 Relaid with
(5 e id with one-
. 1857 | 1863 - - third new stone.
Princes Street .| 1850 | 18567 — — | Sets 4in. X 9in.

Average duration, omitting the Poultry and the second pavement in
Cheapside as exceptional instances, 154 years.

To the above data for streets, may be added the follow-
ing data for bridges :—
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ContiNvaTiON OoF Tasie No. 23.

Situation. Laid. | Relaid, | Taken | Durm-| obeervations.
Year. Year. | Years,
London Bridge 42| = |18s1| '3 |} evinchsets.
Blackfriars Bridge . | 1840 | — | 1853 | 13

In 1854, Colonel Haywood had estimated the total dura-
tion of the granite pavement of Fleet Street at 12 years.
It may be seen from thé table, that it lay actually 14 years
till it was removed. He added that, after having been
re-dressed, it would last 15 years more in secondary streets.
The total life of such pavement amounted thus, by estima-
tion, to 29 years.

The cost for repairs of Fleet Street was stated, in 1854,
to be 84. per square yard per year. The average cost of
repairing the granite pavements of the streets of the City,
in 1854, was also 3d. per square yard per year.*

Colonel Haywood, in 1853, made a careful estimate,
based on the experience of City pavements, of the cost
and the duration, or life, of a pavement of 3-inch Aberdeen
granite sets, 9 inches deep, laid in such a thoroughfare as
‘Gracechurch Street, in which the traffic as indicated in the
table, No. 22, was rather below the average of the prin-
cipal streets. This estimate was based on the prices of
1842, in which year he assumes the laying of the pavement
for the purpose of a direct comparison with the cost of
Carey’s wood pavement in Gracechurch Street. The cost
of the first 3-inch Aberdeen granite sets laid in the City
was 14s. 6d. per square yard, laid and grouted complete,
exclusive of foundation. The duration was taken at 25
years, as from 1842,—assuming that the granite was not

* Stated by Colonel Haywood.—See Proceedings of the Institution
of Civil Engineers, vol. xiii. page 231.
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removed until it was quite worn out. During this time, it
would have required three general relays, at a cost of
1s. per square yard, in addition to ordinary repairs, costing
4d. per square yard per year, for 20 out of the 25 years
of life, allowing the first five years free of cost for re-
pairs :—

tor 25 yeu-u dyeu.r
s d.

First cost, excluding foundation . . 14 6 6-96
Repairs; three relays at 1s. . . . 3 0 } 204
Ditto, 20 years at }d. per year . 1 3
Total Expenditure . . . . 18 9 9
Deduct value as old material . . . 2 3 1-08
Net total cost . . . . . 16 6 7-92%

This estimate was formed on the assumption that the
stone would have been worn out where it was first laid.
In actual practice, it would have lain there from 14 to 18
years, and would have been removed to streets of inferior
traffic, where it would have lasted at least as long again.
The total life would thus have reached to from 30 to 40
years ; and this may be taken as the actual life of 3-inch
granite sets under the given conditions, with a value as old
material of from 1s. 64. to 2s. 6d. per square yard. If the
whole life, as for Gracechurch Street, be taken as 35 years,
it will appear, from a calculation similar to the above, that
the net total cost is 7d. per square yard per year.

London Bridge was considered by Colonel Haywood to
be the busiest thoroughfare in tho world. In the course
of 12 hours, in one day in 1850, it was traversed by 13,099
vehicles. The whole surface of the bridge was covered
with a bed of clay, 15 inches thick, thoroughly puddled
and well beaten together. Upon this a 3-inch layer of

* Colonel Haywood makes out the cost per square yard per year at
about 73d. A .
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fine sand was laid ; next, a bed, 12 inches deep, of fine .
flint stones broken into small pieces, not larger than
2 inches in diameter, well dressed and rolled. Finally, it
was paved with granite sets 6 inches by 9 inches deep,
and was opened in 1830. After a period of 12 years, it
was, in 1842, replaced by new paving, when the old stone
was sold for 3s. per square yard. The second paving, laid
in 1842, was formed of 3-inch Aberdeen granite sets,
9 inches deep; it was down 9 years, and was"taken up
and replaced with new granite in 1851. The second
paving, though lifted, was not worn out; the average
wear of the stones was estimated, from the result of careful
observation, at first 2 inches of depth,—being, at the rate
of 222 inch per year; and, had they been dressed, sorted,
and relaid, with a small quantity of new stones to supply
the deficiency of those which were very much worn, or
badly cut, they would have lasted 7 or 8 years more upon
the bridge, and would then have been fit to lay in a
secondary thoroughfare. They would have been relaid
on the bridge, but for the fact that more time would have
been consumed by this process, than by repaving with
new material.

The total area of the carriage-way of London Bridge is
8,950 square yards. The following were the expenses
actually incurred on the pavement, from 1842 to 1851 :—

Per sq. yd. Per sq. yd.
For 9 years.. for 9 yeg.rs. per year.

8. . s. d.
First cost . . . . £3,860 16 0 19 6 2 2
Repairs for 9 years e 277 11 0 1 486 1-87
Total expenditure . . . 4,128 7 O 20 1086 2 387
Deduct allowance for old stones %7 0 0 310 511
Net total cost for 9 years . 3,371 7 0 17 08 1 10}

The cost of the substratum is not included in this state-
ment of expenditure. The high first cost was occasioned
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by, the great difficulty experienced in obtaining 3-inch
stones, which had but recently been introduced, unless a
high price was paid for them ; together with the forcing
of the labour, and the performance of the work by a
half-width at a time.

The paving of Blackfriars Bridge, in 1840, with 3-inch
sets has already been noticed, page 173. The paving con-
sisted of Aberdeen stones and Guernsey stones, and was
done at a cost of 20s. per square yard, including a foun-
dation of concrete 12 inches deep. The average amount
of wear, after 13 years’ work, were 14 inches of the Aber-
deen granite, and # inch of the Guernsey granite.*

In 1871, Colonel Haywood made estimates, based upon
past experience, of the durability and cost, under not un-
favourable circumstances, of Aberdeen granite pavement,
3 inches wide and 9 inches deep, in Cheapside, Poultry,
Old Broad Street, Moorgate Street, and Lombard Street,
which, varying in width as well as in the nature of the
traffic, might be taken as types of the leading thorough-
fares of the City. The cost of pavements generally had
augmented gradually during the previous 30 years. In
1854, the cost was from 15s. to 17s. per square yard.
In 1871, the price of paviors’ work, above described,
complete, except the foundation, was 15s. 4}d. per square
yard ; but he adopted, in his estimates, a cost of 16s. per
square yard. )

The estimated duration of a granite pavement in Cheap-
side was 15 years; and assuming one entire relay, and
allowing for the value of the old stone when removed at
the end of the time, the total cost during the period of
15 years would be £1 4s. 43d., or 1s. 74d. per square yard,
per year.

Similarly, for the Poultry, Old Broad Street, Moorgate

* Proceedings of the Institution of Civil Engineers, vol. xiii.
page 237.
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Street, and Lombard Street, suitable periods of duration
were assigned, and one general relay during the time, with
allowance for the value of the old stones. The following
table comprises particulars of Colonel Haywood’s esti-
mates for the several streets :—

TaBLB No. 24.—EstiMaTeD DurATION AND COST OF GRANITE PAVE-
MENTS IN PRINCIPAL CARRIAGE-WAYS IN THE CiTy oF LoxDoN, 1871.

Aberdeen Granite Sets, 3 inches wide by 9 inches deep.

incl m
D .. |includ Average
Width | Daily tion of | First | main- | {otal coat
Situation. of | trafficin | the (cost per| tenance, iper square
Street. | 24 hours || Pave- | square| and de- |"vard per
ment. | yard. | duc year.
for ol
stones.
Feet. | Vehicles. || Years. [ 8. d. | 8. d. s d.
Cheapside .| 30 | 11,900 16 [160 |24 4| 1 7
Poultry . .22 9,600 8 |160 |22 4 2 9
Old Broad Street | 24 2,600 20 |160 (2011} 1 o
MoorgateStreet | 32 7,400 16 [16 0|20 7 1 4
Lombard Street | 17 2,600 20 (16021 44} 1 0
Averages . L= — 166|160} 21 11| 1 7

The average estimated duration indicated by this table
is nearly identical with that which is deduced from actual
observation in the previous table, No. 23.

Typical sections and plans of a 50-feet strest for the City of
London, Figs. 46, 47, and 48.—For these illustrations the
Author is indebted to Colonel Haywood. The extreme
width of the street is 50 feet, betweem the houses:—
divided into 30 feet for the width of the carriage-way,
and 10 feet for each footway. The bed of the road is
excavated to a depth of 21 inches below the finished level
of the street, following the contour of the surface. A
layer of broken stones, 9 inches thick, is distributed over
the ground, and is covered by a layer of hoggin or small
gravel and sand, 8 inches thick, as a bed for the paving.
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The paving consists of granite sets or  cubes,” 3 inches
wide and 9 inches deep, and
of lengths varying from 10 to
15 inches, grouted at the joints.
The rise of the pavement is
6 inches for the width of 30
feet, or 1 in 30 for the average
inclination, the contour being
a segment of a circle. The
footpaths are laid with 3-inch
York pavement, bounded by a
granite kerb 12 inches wide,
and 9 inches deep, showing
6 inches above the roadway
pavement.

Southwark Street, Southwark,
Figs. 49 and 50.—This is a
good example of a first-class
Metropolitan street, arranged
with a subway and a sewer at
the middle, and cellarage at
each side. The street is 70
feet wide between the houses,
comprising two 12-feet foot-
ways, and a carriage-way 46
feet wide. For the construc-
tion of this street, the ground
was lovelled, and the soft
places cleared out. It was
covered with a bottoming of
brick rubbish, varying from
6 to 10 inches deep, which
was rolled and bound with
sand. TUpon this bottoming
was laid a stratum of concrete
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12 inches thick, consisting of blue lias lime and clean
Thames ballast, in the ratio of 1 to 6 by measure. A

Fig. 50.—Southwark Street, Southwark.—Longitudinal section under
footpath.

layer of sand or hoggin, 1} or 2 inches thick, was dis-
tributed over the concrete as a bed for the granite sets,
which were 9 inches deep and 3 inches wide. The stones
were set close and grouted together.



CHAPTER VIII.
STONE PAVEMENTS OF LIVERPOOL.

AccorpiNg to the report of Mr. Newlands, the borough
engineer of Liverpool, in 1851, there were 174 miles of
carriage-way, and 69 miles of courts and passages, com- -

prising—

juare .
Carriage-ways o 2,243,660
Channels . . - 231,362
2,474,922

Footways . . . . . 1,048,264

3,623,186 square yards.

From this it appears that the average width of the car-
riage-ways and channels together was 81 yards, or 243
feet. The covering of the carriage-ways consisted for
the most part,—to the extent of neaxly two-thirds,—of
boulder paving; one-fifth consisted of macadam, 8 per
cent. only consisted of pavement of greywacké sets from
Penmaenmaur, and 6 per cent. consisted of sand and
ashes.

The actual cost for the construction of several streets
with greywacké pavement, in 3-inch sets, is given in Table
No. 25. The channels were of Penmaenmaur stone, and
the crossings of granite. The cost for the preparation of
the foundation is included. The foundation consisted of
a bottoming of ballast prepared and covered with gravel

and sand, upon which the sets were placed.
K
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A similar table, No. 26, gives the cost for the con-
struction of several streets with boulder paving; from
which it may be seen that the boulders were bedded on
the ground, without the intervention of a hard bottoming.

TaBLE No. 25.—LiverrooL STREETS :—(osT FOR CONSTRUCTION PER
Squase YArp or THE CARRIAGE-WAYS OF SIX STREETS IN
DIFFERENT LOCALITIES.

Greywacké Set Pavements.—Sets, 3 inches wide, 7 inches deep.

Name of Street.
la
Strand./Temple. Crosby.i Gg’i‘ 1}::,3' Elho':.l gi;:tt"
MATERIALS. | pence. | pence. | pence. | pence. | pence. | pence. | pence.
gtone Sets. .| 87-14 | 2947 | 24-72 | 36-26 ' 38-72 |26°92 | 3220
ravel, Sand, . . . .8¢ . .08 | 4
Mt ’2 538 | 590 | 823 | -89 | 2:03 | 208  “4:09
Lime . .| 1123 | 228 | 1-19 | 108 | 265 101 | 1-57
Crossings . .| 314 | 275 | 228 | 03| +67 {1007 | 316
Channels . .| 160 | 6:69 | 258 | 318 | 440 | — | 307
Materials .|48:49 4709 |39-00 |41-44 |48’47 ‘40'08 44-09
Cartage . . .[1360 | 826 | 2:34 | 404 | 142 | 197 | 527
|
Total Cost for . . . .48 | 40Q- . .
Material } 62:09 | 655°36 ; 41-34 . 45°48 1 49-89 [42:05 [ 49-36
LaABOUR.
Paviors . .| 669 | 692 | 469 | 193 | 329 () 7-89 4-19
Labourers . .|11°43 | 1223 | 968 | 484 (1038 |§ { 8:93
Labour . . 17-02 19'15 14-27 | 6-77 |13:67 | 7°89 |13-12
Use of Tools . ‘90 | 1-33 51 ‘46 72 -39 72
Total cost for y . . . E By — .
Labour } 17-92 | 20°48 | 1478 | 722 | 1439 | 8-28 [ 13-84
Total Cost for )
Materials& ; [ 80-01 | 75-83 | 56°12 | 5270 | 6428 | 50-33 |63.20
Labour j
or 6s. 8d./6s.33d.| 4s. 8d.'4s.42-d. 58.41d.|4s. 21d |58. 33d.
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TarLe No. 26.—LiverrooL STREETS :—CosT FOR CONSTRUCTION PER
SQUARE YARD oF THE CARRIAGE-WAYS OF SIX STREETS IN DIF-
FERENT LOCALITIES.

Boulder Pavement.

Name of Street.

Av
Sp Hygeia. Sdlf:' Jubilee.| Hope. | HoDe c;n?:fo

Place.

MaTeRIALS. pence. | rence. | pence. | pence. | pence. | pence. | pence.
Boulders . .|14°61 [17-52 |12.28 |13:06 | 9-76 |11:25 [13-08
Channels . .| 408 | 396 | 9:82 | 639 | 451 | 680 | 593

Crossings . . 27 | 1-88 |13:60 | 851 | 335 | 166 | 488
Gravel and Sand | — —_ 22 61 41 69 32

Materials . | 1896 [23:36 |35-92 |28.57 | 1803 ;20:40 |24-21
Cartage . .| 283 | 376 | 834 | 6549 | 306 | 1-21 | 411

Total Cost for - . . . . . .
Material }21 79 |37°12 [44:26 |[34:06 |21-09 |21-61 |28-32

LaBoUR.

Paviors . .| 861 | 324 | 283 | 417 | 2-88 | 3-80 | 3-40
Labourers . .| 627 | 486 (1174 | 498 | 3-30 | 453 | 678

Labour . .| 878 810 |14:57 915 | 618 | 833 | 9-18

Use of Tools 51 +48 98 37 | 62| -46 ' 57
Total Cost for . . . . .80 | 879 ' o
tal Cos } 929 | 658 |16:55 | 962 | esol 879 976
Total Cost for )
Materials & }|31-08 |35-70 |59-81 |43-58 |27-87 |30-40 |38-07
Labour,
or 2/113 {4/11% [3s.73d.|2s.4d. [25.63d.| 3s. 2d.

These tables afford good selections of instances to show
how much the cost is influenced by the circumstances
under which the work is done. The cost of the materials
used in set-paving does not vary so much as the cost of
cartage and of labour, which depend upon the distance of

K2
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a street from the docks whence the material is conveyed ;
and upon the length of the day and the state of the
weather, and other circumstances affecting the conve-
nience for operations.

From these tables it appears that the average costs for
the construction of the carriage-ways of Penmaenmaur
sets and of boulders, were composed as follows :—

LivERPOOL. P‘ei.nmaenmaur sets. Boulders.

s d. s. d.
Materials . 4 1} or 78 per cent. 2 4} or 74 per cent.
Labour . . 1 2 or22 , 0 93 or26 ,
Total cost . 5 3} 100 3 2 100

In introducing a comparative statement of the annual
cost for maintenance of set-paving, boulder-paving, and
macadam, Mr. Newlands fixed the first cost—

LIvVERPOOL. irst cost.

For square-set pavmg, at 4s. 6d. per square yard.
,» boulder paving ,, 1s. 8d. »
,» macadam 4 18. 8d. .

These amounts were probably based on wider averages
than those which have been deduced from the foregoing
tables. However that may have been, Mr. Newlands, in
1854, stated that, at Liverpool, the first cost for a set-paved
road was 6s. per square yard, and that of a macadam
road was 2s. per square yard.*

The average cost for maintenance for the three years
1848—50, is given for 27 streets, of which nine were paved
with squared sets, nine with boulders, and nine were laid
with macadam. Summaries of the costs are given in
the table, No. 27,

Mr. Newlands explained that the averages here denved
were not to be taken as for long periods,—especially for the
boulder paving, much of which was required shortly to be

* Proceedings of the Institution of Civil Engineers, vol. xiii., 1853-54,
page 240.
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TasLe No. 27.—LiverrooL STREETS:—ANNUAL CosT FOR MAIN-
TENANCE OF 27 STREETS, DEDUCED FROM THE AVERAGED CHARGES
FOR THREE YEARS, 1848-50.

Penmaenmaur set paving. Boulder paving. “ Macadam.

]

|
- |Annual Am:mal!| lAnnua.l
Btreet. cost per Street. cost per|  Street. cost per,
square square | square
yard. yard. . yard.

|
ce. nce. | pence.
St.James' . |08 | Blundell .| .55 | Church . | 860
Park Lane .| ‘29 | Mersey. .| *79 | Berry .| 833
‘Whitechapel. | 11 | Flint . .| *78 | Renshaw . 1831
Dale . .| *38 | Simpson . | 195 | Gt. George | 3-81
Castle . .| *17 | Sparling .| 37 | Park Lane (1629
North John . | 26 LimekilnLane| 62 | Myrtle .| 682
Marybone .| *09 | Burlington .| 114 | Hanover . |14'61
Water . .| 19 | Soho . .| 18 | Gt.Howard [12'64
Leeds . .| 06 | Fox . .| 101 | St. Anne . | 3-80
Averages . ; ‘18 .o | 82 . . . |1w023

renewed. He deduced from the tables that, when the mac-
adam was subjected to heavy loads, the annual cost of
maintaining it was nearly equal to the cost of renewing
it, and that the vertical wear amounted to 12 inches per
year. Where the loads were light, although the traffic was
great, the wear of the macadam was only about half as
great as under heavy loads; and that, under the same
circumstances of traffic, the expense was reduced when
the street was wide and open, and the moisture was
rapidly evaporated by the action of the sun and the air.
He concluded from the experience of Castle Street, Dale
Street, and Marybone, that set-paving would last 20 years
before requiring to be renewed. He decided, finally, that
the total annual costs of maintenance were respectively,

LiverPooL. | Maintenance annually.
For square-set paving . . '28 pence per square yard.
4» Boulder paving . . . 680 ” »
» Macadam . . . 1600 » .



CHAPTER IX.
STONE PAVEMENTS OF MANCHESTER.

THE early pavements for the streets of Manchester con-
sisted of boulder stones brought from the sea-coasts of
‘Wales, Westmoreland, and Cumberland, like those of
Liverpool, which have already been described. But tho
construction of boulder pavement has long since been dis-
continued ; the importation of boulders into Manchester
ceased about the year 1840. There yet remains a con-
siderable area of such pavement, particularly in the older
streets of small traffic, in the outskirts. They are in process
of renewal with granite sets. 'When finely broken, the
boulder stones make an excellent ‘racking” or packing
for paving sets.

The principal thoroughfares, according to Mr. H. Royle,
District Surveyor,* are paved chiefly with syenitic granite,
or with trap-rock sets. The most usual dimensions of the
sets are 5 inches, 6 inches, and 7 inches in depth; from
3 to 3 inches in width, and from 5 to 7 inches long. The
largest and deepest sets are laid in streets having the
heaviest traffic. Cubes of 4 inches were tried, some years
ago; but it appeared that they were unfitted for resisting
the lateral stress of the traffic,—particularly on streets of
considerable inclination. Stones are obtained from, 1st.
The Welsh Granite Company, and the Portnant Granite

* See a paper “ On Street Pavements in Manchester,” by Mr. H.
Royle, District Surveyor; read July 9, 1876, before the Association
of Municipal and Sanitary Engineers and Surveyors.
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Company, near Carnarvon. 2nd. The Syenite Granite
Company, Portmadoc. 3rd. From greywacké quarries at
Penmaenmaur, North Wales. 4th. From quarries at Clee
Hills, Shropshire. 5th. From Newry, Ireland. It is said
-that the prices of sets from these quarries are nearly the
same.

The secondary streets, of little traffic, are paved with
sets of millstone-grit, brought from the mountainous dis-
tricts of Lancashire and Derbyshire.

Macadam, which is regarded in Manchester as an expen-
sive nuisance, is being gradually replaced with granite
pavement.

The paved carriage-ways are constructed in the follow-
ing manner:—A foundation, not exceeding 15 inches in
thickness, is laid, of cinders and other hard material,
including 8 inches of gravel as a bedding for the sets.
The traffic is turned over this foundation until it becomes
solid ; and the temporary gravel surface is renewed from
time to time. 'When the surface has become sufficiently
solid, the sets are bedded upon it, and well beaten, and
they are racked with clean small broken stones, or with
washed gravel. The joints of the stones are then filled up
with an asphaltic fluid mixture composed of coal-tar, pitch
made from coal-tar, gas-tar, and creosote oil; in the pro-
portion of 1 cwt. of pitch to 4 gallons of tar, and 1 gallon
of creosote,—proportions which are varied somewhat accord-
ing to the quality of the pitch employed. The mixture is
melted and boiled for from 1 to 2 hours, in a boiler adapted
for the purpose, before it is poured into the joints.

The use of the pitch-composition for closing the joints
of the stone-sets was originally suggested by Mr. Ron-
chetti, a chemist, of Manchester; and the good reputation
of Manchester pavement is, in a great measure, due to the
employment of this compound. for jointing; together with
the solid' foundation prepared for the pavement. The
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jointing is impervious to moisture, and possesses a degree
of elasticity sufficient to prevent it from cracking. It
adapts itself to all temperatures. Sometimes, as Mr. Royle
observes, in the heat of the summer, the asphalte, as he
calls it, rises out of the joints, and slowly flows to the
channels; but this, it is said, rarely happens, and it hap-
pens only when the asphalte has not been properly pre-
pared. It follows that the foundation is always dry, and as
no material rises from below, the formation of mud is pre-
vented, and the cleansing of the surface is easily done.
The foundations of hard core, prepared in the manner
described, have given entire satisfaction; and there has
not been any need for the employment of concrete in
foundations.

The pitch obtained for the jointing of the pavement has,
during the last 10 or 12 years, deteriorated in value for
the purpose,—since the demand for gas-tar for the manu-
facture of aniline and other dyes, which has greatly in-
creased,—by the removal of that ingredient in virtue of
which the asphalte retained its elasticity and adhesive-
ness. The deficiency is partially supplied by the addition
of the gas-tar, which is added to the pitch whilst it boils.
Still, it is said, the asphalte laid in the old pavements
was much better than that which is now made; and the
carriage-way pavements more recently constructed are not
likely to last so long in good condition as the older
asphalted pavements.

The cost for repaving an old street with 6-inch sets,
exclusive of the cost for foundation, and without taking
credit for old material, is as follows :—

For stone sets, 6 inches wide . . 8s. 4d. per square yard.
Labour, carting, gravel, asphalte . 2s. 6d. to 2s. 9d. ”

Total . = v + .+ « . 108 10d. to11s.1d. ,,

' The amount of the second item for labour, &c., is & mini-
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mum in summer, when the men work for 54} hours per
week ; and is a maximum in winter, when the hours of
labour are fewer. The average cost for the year is 11s.
per square yard.

Mr. Royle states that the cost for maintenance of
asphalte-granite pavement is in simple proportion to the
density of the traffic; at the centre of the City, the cost
is greatest. He adds that the average duration of the
pavement, as first laid, is 14 years; at the end of which
time it requires to be entirely relaid; and that a sinking
fund of 3d. per square yard per year would provide labour
and material for maintenance in perpetuity.

Macadam in Manchester.—The cost of macadamising
Albert Place, Manchester, in 1852, exclusive of founda-
tion, comprising an area of 1,373 square yards, was as

_follows :—

DPer B‘é yd.
8. .
606 tons 9 cwt. of macadam at 10s. . £303 4 6 4 5
Labour . . . . . 1118 8 0 2
Carting . . . . . 24 16 4% 0 4}
Total . . . 33918 64 4 11}

Taking the weight of one cubic yard of macadam at
1} tons, the bulk of the macadam used was (6065 X $=)
539 cubic yards, which was equivalent to a layer 9 inches
in thickness. The cost of maintenance, including scav-
enging, was 1. 13d. per square yard per year.

K 3



CHAPTER X.
WEAR OF GRANITE PAVEMENTS.

It has been stated that the greywacké sets from Pen-
maenmaur are practically limitless in their resistance to
wear ; and, as a corollary, they make dangerously slippery
pavements. Next to these, the sets of Guernsey granite
may be ranked. Mount Sorrel granite comes after; and
Aberdeen granite sets, the most generally popular, are the
softest and the least durable; that is, they wear the most
rapidly. The order of resistance to wear of other stones,
—the results of Mr. Walker's experiments,—has been
given, page 126.

The data for the vertical wear of granite pavement,
forming the basis of the following table, No. 28, are
collected from various sources™: —

TasBLE No. 28.—WEAR oF CARRIAGE-WAY PavEmenNTs IN THE Crry.
Aberdeen-granite stones.

| Num- | Amount of vertical wea.rw g;‘r“‘l;f i
{Year of| Width || ber of \|years to
Locaury. obser- [ of 8 wear
| vation. | stones. || down. | Total. per Year. awa:
l 1 inch,
| Inches. || Years. Inches. Inch. - Years.
Watling Street 1844 | 6 || 17 | lf | 065, 0ordy || 156
Great Tower Street . ? 6 | 9 i ['18%0r# nearly| 7-2
Bishopsgato Strect | 1g50 | 6 || 20 | 24 |10, or sfully| o6
£t. Paul’s Churchyard || 1847 [ 6 16 2 *125, or 3 ‘ 8
Fleot Strect . .| 1846 | 6 4| 2 *143, or 7
Poultry . . .|| 1852 3 6 (1itol} +230, or 3 4-4
London Bridge . || 1851 3 i 9 2 *222, or 4 4-5
Blackfriars Bdg.(old) || 1853 3 13 1} *115, or § 8.7
Do.(Guernsey stones) || 1853 3 13 3 -019, or 3y 52

* Chiefly from the Proceedings of the Institution of Civil Engineers,
vol. ix., page 214 ; and vol. xiii., page 221.

RS
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It may be expected that there is a correspondence be-
tween the intensity of the traffic and the rate of vertical
wear of the several granite pavements. But, in forming
such a comparison, there is another factor to be introduced,
—the width of the pavement; for the vertical wear may
be expected to be directly as the quantity of daily traffic,
and inversely as the width of the street; and the quotient -
of the traffic by the width, or the number of vehicles per
foot or per yard of width, measures the intensity of the
traffic. The following table, No. 29, has been constructed
to show to what extent the relation holds good for such of
the thoroughfares as have had their traffic observed. The
traffic, showing the number of vehicles that traversed each
locality in ten hours in one day, in 1850, already given in
a previous table, is calculated for one foot of width of each
locality ; and the last column contains the products of the
relative intensities of traffic, in column 4, by the periods of
year required to wear the pavement through equal vertical
depths of one inch. These products represent proportion-
ally the relative amounts of traffic which caused equal
amounts of vertical wear :—

TasLeE No. 29.—WEAR OF CARRIAGE-WAY RELATIVE TO INTENSITY or
TRAFFIC,

Aberdeen Granite Stones.
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TanLe No. 29—continued.

Relative
. | Vehicles in one da; J amounts of
Approxi- in 1850, Numberof| ~trafic for
ears
Locavrry. ;:3&’8:‘ - or foot weas away m&?:tlixct:lo!
ve!
pavement.| Total. ofe:vid%(l,l one inf wear.

Sets 5 inches wide.|| peet. | Vehicles. | Vehicles. | Years. |Col.4 x col.5

Poultry . 22 10,274 467 44 2,065
London Bndge 35 13,099 374 45 1,683
Blackfriars Bdg
(old) . 28 5,262 188 87 1,636
1 2 3 4 b . 6

Supposing that the intensities of traffic be truly measured
by the quantities in the 4th column of the table, and that
the wear had been exactly in the inverse ratio of the in-
tensity of traffic, the relative products in the last column
should have been equal to each other. But the quantities
in the 4th column can be but roughly approximate to each
other, for they are based on but one day’s observations ;
besides, the traffic, though it was distinguished according
to the number of horses to a vehicle, was not classified so
as to distinguish goods traffic from passenger traffic.
There is, nevertheless, a remarkable degree of correspon-
dence in the products or measures of performance. The
Poultry exhibits the highest product; and that is con-
sistent with the fact that the traffic consisted of a less pro-
portion of waggon traffic than that of London Bridge or
Fleet Street, and that the traffic of the Poultry was limited
to a walking pace. Again, though there is a much
larger proportion of heavy traffic over London Bridge,
yet the heaviest traffic moves at a walking pace, and
thus the pavement holds a high position in the order of
relative duration. It is remarkable, too, that Blackfriars
Bridge, with an intensity of traffic exactly one half of
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that of London Bridge, shows, in column 5, about twice
the actual duration; and that, consequently, the products
in the last column are substantially identical. The per-
formance of Bishopsgate pavement is high; and the
highness of the rate may he partially attributable to
the fact of the irregularity of width of the street, for
here and there it expands into large bays which dilute
the traffic to some extent at certain localities.

The evidence in the last table supports generally Colonel
Haywood’s conclusion, drawn from the results of his
observations, that the duration of a pavement is ‘‘ almost
exactly ” in the inverse ratio of the amount of the traffic
over it.

From the foregoing materials, some useful general data
may be adduced for the wear and duration of granite pave-
ments. For the seven pavements named in Table No. 29,
the traffic and the wear were as follows :—

ABERDEEN GRANITE PAVEMENTS, Vehicles per Vertical wear
foot of width. per year.
Great Tower Strect ' . . . 181 *139 inch.
Bishopsgate Street Without . . 190 -105 ,,
St. Paul’s Churchyard . . . 207 1125
Flect Street . . . . 258 ‘143
Poultry . . . 467 230 ,,
London Bridge . . . 374 2222,
Blackfriars Bridge (old) . . 188 115,
Totals . . . . 1,865 vehicles. 1-079 inches.
Averages . . . . 266 ,, ‘164 ,,

From these averages, it appears that the wear per 100
vehicles per day per foot wide, was equal to (*154 X $§¢ =)
*058 inch, or about 1% inch per year.

To apply this rate of wear to the representative streets
in Table No. 24, page 188, the daily traffics in 12 hours are
here taken, for the sake of uniformity of comparison :¥—

¢ These traffics are taken from a table of Asphalte Pavements, in a
following page.
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Cheapsido . . . . 298 vehicles per foot of width.

Poultry . . . . 363 » »

0ld Broad Street . . . 103 ” ”

Moorgate Street . . . 188 . »

Lombard Street . . .47 » ”
Averago . . . 220

The average duration of the granite pavements in these
streets is given in Table No. 24 as 156 years. Take it
at 15 years, as a round number. Then, the total vertical
wear of the pavements when removed is (4 X 15 X
423 =) 2:06 inches, say 2 inches.

Again, the stones, after having been redressed, last 20
years longer, in minor streets, for which the traffic averages
150 vehicles in 12 hours, per foot of width. Then the
total vertical wear in the minor streets is (& X 20 X
6% =) 1:875 inches, or, as a round number, 2 inches.

TasLe No. 30.—Ciry oF LoNDON :—RECAPITULATION OF DATA ON
THE WEAR AND DURATION OF ABERDEEN GRANITE PAVEMENTS.

Sets, 3 inches wide; 9 inches deep.

Aberdeen Granite Pavements. Vertical wear. ’ Duration.

Inches, ’ Years,
Vertical wear per 100 vehicles in 12 |
hours per foot of width, per ycar . Pes I 1

Remaining depth when Iald aside it
Depth of new sets . . ji

Total vertical wear in principal strects 2 i 15
Ditto additional ditto in minor ditto . 2 g 20
Total vertical wear when laid aside 4 i 35
5 !
9

Hero it is seen that 3-inch sets may be reduced by wear
to 5 inches of depth, when they are treated as worn out,
and are laid aside.

The depth of a stone-set should be proportioned to the
width at the surface. For insuring steadiness and re-
sistance to the vertical and oblique forces applied to it by




WEAR OF GRANITE PAVEMENTS. 207

the traffic, the depth of a set cannot be too great; but it
may be too small, for the resistance to displacement be-
comes less as the depth is reduced in proportion to the
width. A flagstone laid in a foot pavement is an extreme
case in point: it can, if at all loose, be more easily tilted
on its bed, by forces acting on it, which may act with
leverage, than if it were one of a row of flags on edge
placed side by side. For reasons of this nature, old
paving stones, from 6 to 8 inches wide, are to be met with
in London, having a depth of 11 or 12 inches. Modern
granite sets, 3 inches wide, are made 7 or 9 inches deep ;
and if 2-inch sets were used, a depth of 6 inches would be
sufficient for stability. Thence there is a saving in first
cost by laying narrow sets.



CHAPTER XI.

STONE TRAMWAYS IN STREETS.

Me. Warker laid down two granite tramways on the
Commercial Road, in the east of London; they consisted
of two uniform lines of ‘‘tram-stones,”” each 16 inches
wide, and 12 inches deep, and 5 or 6 feet in length, placed
at a suitable distance apart, to carry the wheels of vehicles.
The interspaces are paved. Such tracks are laid in several
narrow streets in the City of London, at Holyhead, and in
other places. When they were first laid down in England,
each wheel-track had kerbs at the outer sides; but in
recent constructions these have been dispensed with, and
vehicles may move freely from one part of the road to
another. From the experiments of Sir John Macneil on
the resistance of granite trackways, the resistance amounted
to only 124 lbs., or 13 Ibs., per ton of gross weight :—less
than half the resistance of granite paving. ,On an incline
of 11in 20, it is reported, the resistance was 132lbs. per
ton, against a resistance of 295 lbs. per ton before the
tracks were laid. In Glasgow, a tramway consisting of
cast-iron plates, 2 inches thick, 8 inches wide, and cast in
lengths of 3 feet, is laid in Buchanan Street, on a gradient
of 1 in 20, where it has been down for 40 years.

Granite tramways* are in general use in Northern

* For the particulars of Italian tramways, the writer is indebted
to the valuable “Report on Stone Tramways in Italy,” by Mr. P. Le

Neve Foster, Jun., C.E., appended to the Report of the Committee of
the Society of Arts on ¢ Traction on Roads,” June 25th, 1875.
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Ttaly, not only in the streets of the principal cities—as
Turin, Milan, and Verona—but
also in smaller towns, as Chi-
vasso, Mortara, and Vigevano.
They consist of two parallel
lines of granite blocks, usually
24 .inches wide, 8 inches deep,
and 5 feet in length, hedded
in a layer of sand. See Fig.
51. The lines are 28 inches
apart, and the interspace, or
footway for horses, as well as
the other portions of the road-
way, are paved with cobbles
obtained from the Po, or from
other rivers. These stones
should be egg-shaped, with a
maximum diameter of from
8} to 4} inches, and a depth of
from 4} to 5% inches. The
roadway is usually formed with
a slight inclination downwards
towards the centre. By this
arrangement, the space between
the trams serves as a channel to
receive the surface water, and
is provided with stone grat-
ings, placed at suitable inter-
vals, as shown in Fig. 52,
by which the water escapes
into the sewers. The surfaces
of the trams are slightly in-
clined towards each other, the
inner edges being # inch lower than the outer edges;
whilst the interspace is concave, having a versed sine or

0.5

__*_

0.585 -—4&- 0.70

|._



210 STONE TRAMWAYS.

depression of 1} inches. The foundation of the jroadway

t0 va
Neve
the §




211

STONE TRAMWAYS,

inches deep,

about €

t

ts of a layer of screened gravel

€onsis

+urT 1qSreng YA oA Jo uonoUnL

*A[8)] WISMON UT s{eAweL,—Fg ‘ST

S RN R T

placed on the surface of the ground, and well rammed and

:I



212

STONE TRAMWAYS.

Fig. 55.—Proposed Roadway with Wheel-tracks of Asphalte.

watered, so as to form
a compact mass. Two
inches of sand is laid
on the gravel, as a
bed for the paving-
stones. The wupper
surfaces of the trams
are dressed flat, and
the ends square, to
form close joints. The
stone gratings for the
gullies are 32 inches
long, formed with
three slots, 12 inches
long and 1% inch
wide. After the trams
are placed, the other
portions of the pave-
ment are completed.
After the surface has
been well rammed
with a wooden ram-
mer, it is watered
and covered with a
bedding of sand 2
inch deep, so as to
fill the joints by de-
grees. On’ steep gra-
dients, the surfaces
of the trams are
grooved diagonally.
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ScrEDULE oF PricEs IN Mrrax.

Granite blocks for trams, from the quarries of St.
Fedelino, including labour for setting, per lineal

yard . . . .
Granite blocks from Mont Orfano per lineal yard
Do. do. do.
not including setting } »oo»
Paving with cobbles . . per square yard
Pit sand . per cubic yard
River sand, from the TlClD.O or the Adda »
Screened pit gravel . . »
Do. do.  from the Adda. . »
Cobbles for paving, from the Adda or
the Brembo } ”
Do. do.  from the Ticino . »
Do. do.  fromtheLambro
or the Senese } ”
Stone gratings for gullies . . each
‘Wages :—Stone mason . . per day
Labourer . . . »
Pavior . . »
Labour :—Dressing ends of gramte
blocks to form joints } per square yard
Dressing sides of blocks »
Dressing upper surface 1
of blocks . ”

Repairs :—Removal and rebeddmg

of stones, including . i
dressing upper sur- } per lineal yard
fuce and ends .

Removal, without re-dressing »

Cutting diagonal grooves
4 inch deep, 4 inches } per square yard
apart, on trams .

213

10s. 33d.
8s.

6s. 10d.

103d.

1s. 6}d.
3s. 04d. .
1s. 13d.
2s. 11d.

6s. 83d.
4s. 3d.

4s. 10d.

13s. 9d.

2s. to 2s. 9d.
103d. to 1s. 7d.
103d. to 1s. 7d,

28. to 3s. 4d.

1s.

28, 6d.

1s. 1d.

10d.

8d.

+ From these prices, it is calculated that the cost of a line
of tramway, comprising two lines of trams and the inter-

mediate paving, amounts to £1,778 per mile.

On wide thoroughfares, as at Milan, there are three or
four lines of gramite tramway. But, on some lines, the
interspace is paved with Dutch clinker bricks.
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A Member of the Committee of the Society of Arts pro-
posed a new form of tramway and road, in which a line of
asphalte trams is laid on a road formed of hard concrete.
See Fig. 55.

The design for a concrete road is based upon the prin-

Fig. 56.—Proposed Roadway with Wheel-tracks of Asphalte.

ciple of Mr. Mitchell’s concrete macadam, already noticed.
Another design by the same member is illustrated by
Fig. 56.




CHAPTER XII.

‘WOOD PAVEMENT.

‘Woobn-paviNG, originally, was, like granite-paving, laid
in large blocks, and without any width of joint or inter-
space,—like the hexagonal paving introduced from Russia,
measuring 8 or 9 inches across ; and like Carey’s original
paving, in blocks 6 inches wide, and 12 inches long, a
sample of which remains to this day in Bartholomew Lane.
But, like granite-paving, wood-paving best answers its
purpose when it is restricted, in the width of sets or
blocks, to 3 inches, 3% inches, or 4 inches, with inter-
spaces, to afford the necessary stability for a minimum
depth, and the necessary foothold for horses.
‘Wood-paving is, by almost universal practice, laid with
the fibre in a vertical position,~-on end. This is the
best position for wear, for endurance, and for safety.
According to the best experience of wood-paving, it
should consist of plain rectangular blocks, solidly set upon
a foundation of concrete, with water-tight joints. A
wood pavement so constructed as to fulfil these conditions,
gives satisfaction on the five points of convenience, cleans-
ing, maintenance, safety, and durability. Unless the
foundation be rigid, it is impossible to preserve a sound
pavement ; and as in macadam, so in wood-pavement, the
dogma of elastic action has been exploded by experience,
for it was found that such a degree of elasticity as is
afforded by the reaction of vertical wood-fibre, against
a vertical pressure, is quite sufficient to absorb the shock

r
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of a horse’s hoof, and to elude the strokes of loaded
wheels. )

As with granite sets, so with wood blocks, the gauge
of a horse’s hoof is the measure of the proper maximum
width. The most common width of blocks is 3 inches;
but they are sometimes made 3% inches or 4 inches wide.
The advantage of the narrower width consists in this,
that, besides affording a more ready foothold, narrower
blocks have more stability than wider blocks of the same
depth ; and that, in short, the narrower the block, the
shallower it may be made,—so economising material.
Mr. Carey’s practice affords an illustration in point.
His original blocks, which were 6 or 7 inches wide, were
made 8 inches and 9 inches deep ; according to his latest
practice, his blocks are only 4 inches wide, and they are
only 5 inches or 6 inches in depth. The course of the
practice of wood pavement is strictly analogous to that of
granite-set pavement. It may be added, that the length
of a block should be suitably proportioned to the width.
A length of 12 inches for a block 3 inches wide, has
been tried and found to be too much :—the blocks were
subject to splitting across.

The normal dimensions of wood blocks in current
practice are:—width, 3 inches; depth, 6 inches; length,
9 inches. These are in the proportions of 1, 2, and 3.

The next essential provision is an interspace of suit-
able width between the courses of blocks, to make a
good joint, affording, at the same time, foothold where
the joints supply the only fulerum. The blocks are set
end to end in each course; and the width of interspace
between the courses varies from about } inch to 2 inch.
Experience has decided that the narrower the interspaces
the better for the durability of the pavement.

The streets of the City of London afford the best and
most exhaustive available experience of wood-pavements.



 CHAPTER XIII
CAREY’S ‘WOOD PAVEMENT.

CareY’s pavement, already described, page 17, was the
first durable pavement that was laid in the City. In July,
1841, this pavement, of pine blocks, was laid in Mincing
Lane, and in October and November, 1842, it was laid
in Gracechurch Street, covering an area of 1,623 square
yards. The blocks were from 6} to 7} inches wide, 13 to
15 inches long, 9 inches deep for Mincing Lane, and
8 inches deep for Gracechurch Street. The foundation
consisted of a layer of Thames ballast.

The cost for the wood pavement of Gracechurch Street,
including a foundation of ballast, but not excavation, was
14s. 2d. per square yard. In 1844, two years after the
pavement was laid, it was ‘““much worn,” and there were
‘¢ geveral short holes in various places.” It had been for
a considerable time in a bad condition, when it was relaid
in September, 1847, five years after it was laid; and a
portion was relaid a second time in 1850, whilst ordinary
repairs were made when required. In 1853, the paving
was worn out, having been down 11 years, and it was re-
placed with new paving of the same kind, at a cost of
12s. 8d. per square yard. The second pavement was relaid
in 1857, four years after it was laid, and again in 1861; and
in June, 1865, it was removed, having been down for
11 years and 7 months. The costs of laying and main-
taining the two successive pavements were as follcws :—

L

/
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TasLe No. 31.—City or LoxpoN;—Cost o Carey’'s Woop Pave.
MENT IN GRACECHURCH STREET, 1842 to 1865.

BothPave-
i 18t Pavement; 2nd Pavement ; ments ;
| duration 11 years, | duration 11'6 years.|; duration
22°6 years.
Costs. —_
per per
per square
P P R
vear. year, year.
5 . s d (s d | s d [s d| s a.
First cost, including
a foundation of »j 14 2 |1 33|12 8 [1 1 1 2}
ballast . . .
Relaysand repairs . || 4 0 |0 43|17 131 53 o011}
Total expenditure . |18 2 |1 829 9} |2 63 2 1}
Deduct value as old 10 lo 1 1001l 01
material . . .|
Net total cost 12l 728 952 53 2 o
Add,costforgravclling“ .. . . . 0 13

Total cost of the pavement for 22'6 years, 1842-65 . . 2 2

The foregoing statement exhibits the cost for two com-
pletelynew wood pavementslaid and worn outin Gracechurch
Street. They were succeeded by a third new pavement,
on the same system, costing 11s. Gd.A'fJ'gir"square yard, laid
in 1865. This was taken up, half worn, in 1871, having
been laid down 6 years; and replaced by asphalte. The
cost for maintenance during that time was 6s. 11d.!per
square yard, or 1s. 13d. per square yard per year. The
cost for maintenance appears to have been a very variable
item of expenditure. The costs for the three successive
pavemerts are here brought together for comparison : —

CAREY’S W00D PAVEMENT. Duration. ¢ Cost for main=
—_ enance per square
Gracechurch Street. years. yard ;‘»:3: ysgu.
s. d.
1st pavement . . . 11 0 4}
2nd ditto . . . . 116 1 6%
3rd ditto . . . . 6 1 13

—_—

Totals . . . . 286 0 113
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The fluctuations of cost may not be readily accounted
for ; but it is clear that the generally increased traffic was
one cause of the greater expenditure on the second and
third pavements. The general total cost for maintenance
may be taken at 1s. per square yard per year.

Carey’s pavement was laid in Mincing Lane in July,
1841, and was taken up and replaced by pavement of the same
kind, 9 inches deep, in August, 1860, having been down 19
yearsand 1month. This was the oldest wood pavement then
in existence in the Metropolis. During that period it was
turned and relaid, and again relaid, the tops of the blocks
having been cut off; and it was at other times exten-
sively repaired. There is no other instance in this
country of so long a duration in a wood pavement in a
public thoroughfare. The second pavement, though not
worn out, was taken up in August, 1873, to be replaced
by asphalte. The following table, No. 32, shows the first
costs and the costs for maintenance of Carey’s wood
pavement in Mincing Lane :—

TasLe No. 32.—Crry oF LoNDON:—CAREY'S WooD PAVEMENT IN
Mivcine LaNE, 1841—1873.

BothPave-
1st Pavement : 2nd Pavement : ments ;
duration 191 years. || duration 18 years. 8¢21uration
. 1
Costs. years.
|
per square per squareper square
'Pe',:gg_m yard per pe‘;ﬂ,‘i’f‘“l yard per || yard per
year. year.
|
8. d. 8. d. s. d. s. d | s .d
Firstcost . .| 14 4 |0 9 g 2 0 8§| 0 81
Relaysand repairs | 13 4 |0 84 || 22 63| 1 8§| 1 l%
Total expenditure || 27 8 |1 54 ' 31 3;’ 2 6} 1103
Deduct value as . !
old material .{[ 1 0 [0 06 1 0 [0 1[0 0f
Net total cost | 26 8 |1 43 i30 sgi 2 4} 1 9}
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In Minciﬁg Lane, as in Gracechurch Street, the cost
for maintenance of the second pavement was much greater
than that of the first pavement, and for the same reason ;
thus :—

CareY’s WooD PAVEMENT. . Duration. tem('Jmt for main-
—_— ance
Mincing Lane. Years. ym: pl’gi‘!w"“"
1st pavement . . . 191 0 84
2nd ditto . . . . 13 1 8}
Totals . o . . 32:1 1 1}

The two series of Carey-pavements, in Gracechurch
Street and Mincing Lane, have supplied valuable expe-
rience of wood paving, and they have, therefore, been
treated here somewhat in detail. The following table,
No. 33, is given by Colonel Haywood, comprising the
general results of the duration and cost of Carey’s pave-
ments in the City :—

TaBLE No. 33.—Carey's Woop Pavements v tHE Crty or LoNDoN,
CONBISTING OF LARGE BLoCKS :—DuRATION AND CoST.

Total
First t| Cost: f erage
STREET. Date when | Duration. pe:- aq:gsre, reols:ai:: ::at per

1aid new. yard. (per square| square

| yard. yard per

year.

Larce Trarric. N Yr(s). M20 o 1'6 g 1'7 g 'é ld'
. ay, 1855| 1 2 1
Cornhill . . { July,1865| 6 8 | 11 6 | 8 9§ 3 0}
Gracechurch | |Nov.1853[11 7 [ 12 8 |17 13| 2 &
Street . June, 1865 6 0 I11 6 6 11 3 0
Lombard } May,1851| 9 4 || 9 6 | 6 0 | 1 73
* Street . Sep. 1860 | 10 7 \ 9 2 |20 2 2 9
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TABLE No. 38—continued.

Cost for | Total

§: repairs ave:
STREETS. ll):i%e when | Duration pl.::-m t‘om per ‘é. oostr;%:
new. N yar« square
yord yard per

year.
Smary TrArrIC. er;. Mgn. le. a. 2sé d. ':'5 d;

May, 1854 2 6 4

Lothbury . { Aug. 1866| 6 1 |12 6 | 3 5? 2 7}
_ July,1841[19 1 |14 4 |13 4 | 1 5]
Mincing Lane { | 300 18831 13 o [ %5 3 |25 63| 2 6
‘Bartholomew ) |May, 1854/ 12 8 |12 6 |17 53| 2 &}
Lane . .f|Aug. 1866 6 &6 || 12 6 3113 | 3 0f

Cost for Foundations included, but no Excavation. No deduction
is made for the value of old material.

All the second wood pavements referred to in this table
were removed before they were worn out, and replaced
with asphalte, except the last. Nearly all of them would,
by relay, with the insertion of some new wood, have en-
dured a few years longer. Taking all the pavements
together, the following averages are deduced : —

Duration of Total cost

Averages for Pavements. per square yard
Carey’s Pavement. Years, per year.
Streets of large traffic . . . 905 2s. 7ad.
Streets of small traffic . . . 11:33 2s. 43d.
Total averages . . . 10119 2s. 6d.

It may be added that Carey’s paving in Bartholomew
Lane has recently (February, 1877) been extensively re-
newed. It was newly laid in August, 1866, and the
original paving, in its entirety, has thus lasted 10} years.

As just now mentioned, Carey’s recent wood pavement
consists of wood blocks, 4 inches wide, and 5 inches or
6 inches deep, according to the traffic of the street, and
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9 inches long. The ends only of the blocks are formed
on Mr. Carey’s original model, Fig. 11, with double-
bevelled surfaces, salient and re-entering to the extent
of 5-16 or  inch, which come together for the purpose
of preventing the shifting of the blocks, and of distribut-
ing the pressure on one block over the contiguous blocks.
The paving is placed on a bed of ballast or sand, 2 inches
deep, laid on the old bed of the street; and the joints,
§ inch wide, are grouted with lime and sand. It is
needless to remark that this pavement can only endure
when it is laid on a previously existing foundation; other-
wise, if laid with 2 inches of sand on a loose excavated
bottom, it cannot be durable.



CHAPTER XIV.
IMPROVED WOOD PAVEMENT.

Tuis pavement was introduced from' the United States,
where it has been known as the Nicolson pavement. It
has already been noticed, page 14. The first piece was
laid, in 1871, in the City of London ; but the practice of
the proprietors of this pavement has, since that time, been
considerably modified. Their practice has been, after
excavating to the profile and section of the street, to laya
bed of sand, fine mortar stuff, or dry earth, 4 inches deep,
on the bottom. On this bed, two layers of 1-inch deal
boards, previously dipped in boiling tar, were close-laid
transversely and longitudinally. On these boards, wood
blocks, 8 inches wide, 6 inches deep, and 9 inches long.
also dipped in tar, were placed in transverse courses, the
heading joints abutting, whilst the courses were inter-
spaced by $-inch fillets of wood nailed to the floor, and
through the blocks. The #-inch joints were made tight
by a boiling mixture of tar and pitch poured into the
spaces to a depth of an inch or two. The spaces were
then filled up with dry ballast, which was rammed down
by means of a flat caulking iron made for the purpose;
and filled up with the tar mixture. The surface was
then strewed lightly with small gravel, over which boil-
ing tar was scattered from a pail fitted with a flat-
nozzled spout. Finally a sprinkling of sand was thrown
over the surface. The gravel and tar coating was worked
into the surface by the wheels of traffic. Spaces, } inch
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wide, were left between the heads of the blocks in each
course, and grouted. )

The tar and pitch mixture, in the proportion of 30
gallons of tar and 4 cwt. of pitch, were boiled together
in an iron kettle, for at least four hours, until they ac-
quired such a consistency that, when cold, the compound
should become elastic and tough. ‘When not sufficiently
boiled, the mixture became brittle when it cooled, and
was broken up by wheels and feet. The object of the
elastic binding was to form a surface which should con-
tinue water-tight, as had long been effected by the same
means in the granite pavements of Manchester.

The principal advantage claimed for this system was,
that the flooring of planks formed an elastic foundation,
and distributed the weight applied on one block over a
large surface, whilst the additional elastic action mini-
mised the wear of the blocks. There was an inconsis-
tency in the principle of the construction, for it was
presumed that the bed of sand would solidly support the
flooring, at the same time that the flooring was expected to
yield elastically under pressure. Again, so soon as leak-
age, even to the slightest extent, commenced, by which
surface-water was allowed to penetrate downwards be-
tween the paving blocks, there was nothing to prevent its
reaching to and saturating the substratum of sand; since
the boards, although close-laid, were not tongued, and the .
water could pass through them with comparative freedom.
The saturated substratum became mobile, and subject to
movement under variations of pressure. Consequently,
when a load passed over the surface, the boards, opposing
an inconsiderable resistance to deflection, were pressed
downwards by the load, into the quicksand, and they re-
covered their normal position when the load passed away.
In this manner, a pumping action was set up, and the sand
and water, mixed with other loose matter at the bottom,
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was pumped up to the surface in the form of mud and
slime. Thus the pavement became gradually undermined,
and the undermining process was accelerated by the form
of the pavement itself, which presented a continuous dia-
phragm under which the exhausting process was extended,
as by a diaphragm-pump. It is scarcely necessary to add,
that the wetter the weather, the greater was the action of
undermining. ' '

t But, in addition to the general liability to leakage of
water through the pavement, there is a special difficulty
in keeping it watertight at the kerbs, where it is compara-
tively overhung and unsupported, and where there is, at
the same time, a constant supply of water for penetration,
so long as there is any water in the channels.

A serious consequence of the flexibility of the pavement
is the numerous breakages of the blocks by splitting, caused
by the unequal stress and leverage of the load on blocks
which are supported by a floor partly non-resisting and
partly resisting.

A small sample of the Improved Wood Pavement, 468
square yards, was laid in Bartholomew Lane, in the City
of London, in December, 1871. This is a short street of
very little and light traffic. This pavement, which was the
first of its kind laid in London, continues now (1877) in
fair condition, but many of the joints are open.

The enduring power of the pavement has also been
tested in thoroughfares of heavy traffic. In August, 1872,
and January, 1873, an area of 6,066 square yards was laid,
with 4-inch blocks, in King William Street and Adelaide
Place, on the approach to London Bridge, from the Statue.
In the course of the following three years, the foundation
was rather extensively undermined, by the causes which
have already been described,—particularly near the kerb
on one side ;—so much so as to cause the pavement to be
deflected in many places to the extent of an inch under

L3 -
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the wheels of passing vehicles, whilst the mud was seen
bubbling up from below. The pavement was lifted about
the month of January, 1876; and it was found that the
substratum of sand had been partially washed away, and
that, in the lines of regular traffic, the blocks had lost
about § inch in height, on an average, by vertical wear.
The pavement was renewed on the same system.

The Improved Wood Pavement which was laid, in
November, 1874, in Bishopsgate Street Without, in the City
of London, is a more recent instance of the undermining
influences set up under the action of heavy traffic, brought
to a head during the past winter (1866-67), which has
been a season of unusually heavy and continuous rain.
The pavement, though it had not (in February, 1877) been
down 2% years, had already been extensively undermined,
and it was observed to be subject to deflection to the’
extent of half an inch, at some places, under passing
wheels. At the same time, the collateral symptom of mud
working up through the joints, became manifest.

The obvious remedy for the pumping action through the
pavement is to lay a rigid foundation under the pavement.
The flooring, to be stiff enough, would require to be con-
structed of two layers of 3-inch battens. But a less costly
method of providing rigidity has been adopted in the con-
struction of the new pavement now being laid to replace
the defective pavement above referred to, which has
been taken up. There is a thin bed of concrete, upon
which a single layer of 1-inch boards is laid, and the
blocks, 3% inches wide, are laid, as before, upon the board-
ing. The joints between the courses of the blocks are
only +% inch wide; they are filled for half the depth with
an artificial asphalte, consisting of chalk, pitch, and coal-
tar, boiled together, and are filled to the top with a grout-
ing of gravel and blue lias lime. It may be added that, for
a width of 18 inches at each side of the roadway, at the
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channels, the boards are not laid, but their place is occu-
pied by an additional depth of concrete, to afford a rigid
support, so as to resist deflection, and the entrance of
water at the edges.

The carriage-way of Ludgate Hill was paved on the
original system of the Improved Wood Company in
November, 1873. The pavement has been worn into
bumps and hollows, and is about to be entirely renewed.
It has been proposed to renew the pavement by laying
the wood blocks on a foundation of concrete 6 inches thick,
with & 2-inch bed of sand intervening.



CHAPTER XV.
OTHER WOOD PAVEMENTS.

Ligno-Mineral Pavement.—This pavement, known also as
Trenaunay’s system, was imported from France. It was
the first system of wood pavement that was provided with
a hard concrete foundation, and moulded exactly to the
required curve of the wood. The concrete is laid with
cement or blue lias lime, and besides supplying a firm
foundation, it closes the surface against underground exha-
lations. Blocks of hard wood,—oak, elm, beech, or ash,—
are laid on the concrete ; their upper and lower surfaces
are cut at an oblique angle, of about 60°, to the grain, in
order that the fibre may be presented obliquely to the
wearing surface, and that each block may be partially
supported by the next block in the course upon which it
leans. The courses are laid transversely, and the inclina-
tion of the blocks is alternately to the right and to the left
in the successive courses. The upper edges of the blocks
are chamfered. A groove is cut horizontally along the
sides of the blocks, near to the base, which jis filled with
the asphaltic mastic used for jointing—so forming an addi-
tional tie. The joints are only partially filled with mastic,
and they are filled up with a grouting of lime and sand.

The blocks are previously subjected to a process called
mineralisation : they are placed in drying chambers heated
with steam-coils, and exposed to a continuous current of
air. 'When dried, the blocks are withdrawn, and plunged
into tanks containing the mineral oils, consisting of hydro- «
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carburets ; they quickly absorb the oils, with which, it is
said, the wood becomes saturated, and are so rendered
tougher and more durable.

. Though the employment of hard woods is a specialty of
this process, mineralised firs also are used, and they are
placed upright, with vertical fibres. But it is claimed
that, in hard wood, a less depth of block suffices than in
soft wood, and that thus the costs for the two classes of
wood are equalised.

The first piece of this pavement laid in the City of
London, was laid in Gracechurch Street, near Talbot Court,
in August, 1872. On a bed of concrete, 4 inches thick,
mineralised elm blocks were laid, bedded in Portland
cement. The blocks were 3} inches wide, 74 inches long,
and only 4% inches deep. The joints were partially filled
with heated mastic, and filled up with a grouting of lime
and sand. The pavement was relaid in 1875, after having:
lain three years, and a portion of it was replaced with
new blocks.

The next piece of paving was laid, in 1874, in Fore
Street, which is entirely paved on this system. On a con-
crete bed of blue lias lime, 6 inches thick, hard-wood
blocks were placed, 34 inches wide, 74 inches long, and
4} inches deep. The wood used for nearly the whole of
the surface was beech; supplemented by blocks of oak
and of elm. The lines of channel are formed throughout
of elm blocks.

Lastly, Coleman Street was, in 1875, paved with vertical
blocks of mineralised fir, 3 inches wide, 9 inches long, and
6 inches deep, with $-inch joints; on a concrete founda-
tion 6 inches deep.

Asphaltic Wood Pavement.—On this system, originally
patented by Copland, a solid concrete foundation,
6 inches thick, is laid to the curvature of the road;
it is composed of blue-lias lime and ballast, in the propor-
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tion of 1 to 5 or 6. Upon this foundation, a coat of
mastic asphalte, §-inch or -inch thick, is laid, as & bedding
for the wood blocks. The blocks are 3 inches wide, 6 inches
deep, and 9 inches long, of Baltic fir, laid in transverse
courses, butt-jointed, with t%-inch interspaces. The inter-
spaces or joints are run up with melted asphalte to a depth
of about 14-inches. The correct interspacing of the courses
is ensured by placing long strips of wood +%-inch thick,
against each course as it is laid. The asphalte, when
poured, remains for two or three minutes in a fluid con-
dition, and it partially re-melts the coating on which it
rests, and unites with it, whilst it adheres firmly to the
blocks. The whole structure thus becomes solidified as
one mass, and the joints are filled up with a grouting of
sand and hydraulic lime. The grouting serves as a non-
conductor of heat, and fixes the grit and gravel which it is
usual to strew over a newly-laid wood paving, for the pur-
pose of indurating the surface of the wood.

The first piece of Copland’s pavement in London was
laid at the east end of Cannon Street, in 1874, on & concrete
foundation, 9 inches thick, made with Portland cement; a
layer of mastic asphalte, -inch thick, was spread over the
concrete, and carried the wooden blocks, which were of
soft wood, and had been steeped in tar. The blocks were
laid in courses across the street, with §-inch joints between
the courses. Each block had two holes $3-inch in diameter,
and §-inch deep, bored in each side; and when the joints
were filled to half their depth with ‘liquid asphalte,” the
asphalte of course occupied the holes. The upper part of
the joint was then rammed with screened gravel, and
grouted with tar and asphalte, and the pavement covered
with screened gravel and sand.

The lateral holes have not, in later pavements on this
system, been made in the blocks. It was found, no doubt,
that they were an entirely useless refinement;
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The asphaltic wood pavement appears to have answered
well. In Bristol, it has been laid for upwards of two
years, in Broad Street and at the Exchange, and Mr. F.
Ashmead, the Engineer, reports that it is wearing well.
He maintains that the principal advantage of the pave-
ment is ‘“its imperviousness to water.” It is stated that,
on lifting a portion of this pavement after having been
down two years, the foundation was found to be as dry as
when the pavement was laid.

Harrison’s Wood Pavement.—This pavement is analogous
to the Asphaltic Wood Pavement. Upon a concrete founda-
tion, it is proposed to place strips of wood, 2 inches wide
by 4-inch in thickness. ‘Upon these, 3-inch wood blocks
are to be placed, and heated asphalte is to be poured into
the joints, penetrating under and adhering firmly to the
blocks. On this system, an under coating of asphalte
would be formed in sections by the successive pourings
into the joints, instead of in large sheets as formed by the
Asphaltic Wood Company. This system does not recom-
mend itself. The multiplication of attachments by pieces
of wood is objectionable.

Henson’s Wood Pavement.—On a solid substratum of blue
lias lime concrete, 6 inches thick, covered by a 2-inch
layer of cement-concrete of a finer quality, a coat of ordinary
roofing felt is spread ;—the felt having been previously
saturated with a hot asphaltic composition of distilled tar
and mineral pitch. On this felt, as on a carpet, cushiony
and impervious to moisture, blocks of Swedish yellow deal,
containing resin sufficient for preservation, are laid. The
blocks are 3 inches wide, 6 inches deep, and 9 inches long,
are placed with the grain upright, and laid closely to-
gether end to end, in rows across the street. The rows
are also driven together and close-jointed with a strip of
saturated felt in each joint. The width of the interspaces
is thus reduced to the simple thickness of the felting, and
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does not exceed, if it even amounts to, a quarter of an inch.
At intervals of every three or four rows, a row of blocks
grooved along the middle is laid, to aid in giving foot-
hold. The surface is dressed with a hot biturhinous com-
pound and fine clean grit.

This pavement was laid in Oxford Street in two lengths,
between Princes Street and Marylebone Lane, and be-
tween Hereford Gardens and Edgware Road; and was
opened for traffic in December, 1875. For the 18 months
(to June, 1877) during which this pavement has been open,
it has, according to the report of Mr. H. T. Tomkins, the
Surveyor, given very great satisfaction, and it continues
in excellent condition. A piece of Henson’s wood pave-
ment was laid in Leadenhall Street, in the City of London,
in August, 1876.

Norton’s Wood Pavement.—This pavement was evidently
designed as a compromise, to do away with a foundation
of concrete, whilst securing the advantage of a firm base.
A thin bed of ballast is laid on the subsoil, and brought to
the profile of the street, to receive the pavement. The pave-
ment consists of slabs or structures, 7 feet long, and 3 feet
wide, composed of blocks of yellow Baltic timber, 8 inches
wide, 6 inches deep, and 7 inches long, fixed to a backing
of 2-inch boards, with a strong bituminous cement. The
joints are run with the same material. Between the slabs,
the joints, §-inch wide, are filled with powdered rock
asphalte, in a heated state, well rammed and levelled to
the surface of the blocks. A small piece of paving on this
system was laid at the east end of Cannon Street, in 1874.
It has been occasionally under repair, and is now (Feb-
ruary 1877) in bad condition :—bumpy, and depressed at
the edges of the slabs.

Mowlem’s Wood Pavement.—This pavement reverts to the
simple type of wood pavement, formed of fir blocks,
8 inches wide, 6 or 7 inches deep, and 9 inches long, with
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joints, transversely, j-inch wide, filled with a grouting of
blue lias lime and sand. It is laid on a foundation of
concrete made with Portland cement, 6 inches thick. The
earliest piece of Mowlem’s paving was laid in Duke Street,
Smithfield, in June, 1873. A small piece was laid at the
east end of Cannon Street, in September, 1873. Portions
of the blocks were creosoted.

Stone’s Wood Pavement.—A concrete foundation is formed,
compressed by machinery. Grooves, #-inch. deep, and
3 inches apart, are cut by machinery in the surface of the
concrete. 'Wood blocks, 3 inches wide, 5 inches deep, and
6 inches long, are placed on the concrete, being shaped to
fit into the grooves. The blocks are in transverse courses,
with 1}-inch joints, which are filled with gravel, and run
with heated tar. A specimen was laid in King William
Street, near to Clement’s Lane, in July, 1873. Having
been completely worn out by the traffic, it was taken
up and replaced by the Improved Wood Pavement, in
October, 1876. This new pavement was constructed with
one layer of boarding on concrete and sand.

Gabriel’'s Wood Pavement.—Wood blocks, 3 inches wide,
6 inches deep, and from 7 to 11 inches long, are placed,
with the intervention of a little sand, on a foundation of
concrete, composed of Thames ballast and Portland cement
or ground lias lime, of from 6 to 9 inches in thickness.
Two small fillets are secured to one side of each block, so
as to keep the blocks steady during the process of grout-
ing. The joints are filled with.a grout of lime and sand,
and the whole surface of the pavement is covered with a
layer of hoggin and sand. The eastern and the greater
part of the south side of St. Paul’s Churchyard were laid
with this pavement in 1875.

Wilson's Wood Pavement.—This pavement is formed of
blocks 3 inches wide, 6 inches deep, 8 inches long, laid
on a foundation of blue lias concrete 6 inches deep, on
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which a }-inch layer of sand is spread, to bed the blocks.
Two small fillets are secured by brads on the side of each
block, so as to keep the blocks steady until the process of
grouting is completed. The grouting for the joints con-
sists of blue lias lime and sand. A piece of this pave-
ment, 419 square yards in extent, was laid in Fetter Lane,

in October, 1876.

Tastt No. 3¢.—City or Loxpox :—Woob PavemenTs.

! Date when the‘
. Bituation. Name of Wood |Length.| Area. | paving was
Pavement. completed.
Yards, |8q. yds.
Bartholomew Lane. | Carey’s Wood | 40 | 468 | Jan. 1872
Birchin Lane . . » 28 77 | June, 1866
Jewry Street . . » 42 253 | Feb. 1872
Little George Street ” 24 148 | Feb. 1872
Cannon Street . ”» — 19,061 | Sept. 1874
Houndsditch, N. W. } " — [1,826 | May, 1874
Barbican,athird part ” — 800 | Oct. 1876
Bartholomew Lane . | Improved Wood | 48 392 | Dec. 1871
e et » 76 | 448 | Aug.1873
King William St.,
between  Grace-
church Street and ”» 311 |6,066 | Jan. 1876
Cannon Street,and
Adelaide Place
Ludgate Hill . . o 266 2,639 | Nov. 1873
Aldersgate Street,&c. » — 16,884 | Sept. 1874
Barbican,athird part ” —_ 606 | Nov. 1875
St. Mary Axe, &c. . » — {1,662 | July, 1875
Bishopsgate Strect} Fob. 187
Without . ” — | — | Feb.1877
e ot oy } | Ligno-Miveral | 27 | 440 | Aug. 1872
Fore Street . — 13,822 | Dec. 1874
Coleman Street " — 12,291 | June, 1875
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TaBLE No. 34—-continued.

Bituati Ni of Wood |(Length.| Area. Dot e the
) on., o \vin,
g:ement. l;:mp eted.
| Yards. |8q. yds.

Duke St., Smithfield | Mowlem’s Wood || 134 676 | June," 1873
Hh‘;undsdxtch, S.E. » f — (1,832 | May, 1874
‘Wormwood St &e. » | — 689 | June, 1875
Cannon Street,sam- . |

Dlo ot cant ond " } | Asphaltic Wood | — | 209 | July, 1874
Barbican, a third part ” — | 785 | Oct. 1875
St. Bride Street . ” — |1,774 | Nov. 1876
Queen Street . ” — 12,169 | July, 1876
Cannon Street, sam- ,

ple at east ond } Norton’s Wood || — — | 1874
St. Paul’s Church-

yard, east end and} Gabriel’s Wood — 14,907 | Jan. 1876

part of south side

In the Appendix is given a table by Colonel Haywood,
showing the condition of the wood pavements in the City
of London, as existing on the 1st February, 1877.



CHAPTER XVI.
COST AND WEAR OF WOOD PAVEMENTS.

Cost.—The first cost of wood pavements in the City of
London, including foundation, but not excavation, has
been as follows :—

IurrovED WooOD. Laid. First cost.
King William Street . . 1873 18s. 0d. per square yard.
Ludgate Hill . . . 1873 18s.0d. ,, »
Great ‘Tower Street and
Seething Lane . . 1873 16s. 0d. , »”
Bartholomew Lane . . 1871 16s.0d. .

CareY’s Woob.
Bartholomew Lane - 1872 12s. 6d. s
Houndsditch . - e . 1874 13s. 6d. ’

MowvLex's Woob.
Duke Street . . . . 1873 168. 3d. ’
Houndsditch . . . . 1874 17s.0d. ,, "

The Asphaltic Wood Pavement has been laid in Bristol
for 14s. 6d. per square yard.

‘With regard to the cost for maintenance of wood paving,
the Improved Wood Company contracted to maintain the
pavements of King William Street and of Ludgate Hill,
1 year free, and 15 years at 1s. 6d. per square yard per
year; and the pavements of Great Tower Street and Seething
Lane, 1 year free, and 15 years at 1s. 3d. per square yard.
These terms are equivalent to a total cost per square yard
per year for 16 years, of 2s. ¢1d. for the first and second
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streets, and 2s. 24. for the third. But in King William
Street, the pavement was renewed three years after it was
first laid ; so that the actual total cost must be something
conslderably greater than the contract cost.

The Asphaltic Wood Paving Company maintain the
Bristol pavement for 1s. per square yard per year for 10
years ; equivalent to a total cost for this petiod of 2s. 53d.
per square yard per year.

Messrs. Mowlem and Co. maintain the pavement of
Duke Street for 2 years free, and 3 years at 1s. per square
yard per year. Also, the Houndsditch pavement, for
2 years free, and 5 years at 9d. per square yard per year.

Mr. Carey maintains the Houndsditch pavement, for
2 years free, and 5 years at 1s. per square yard per year.

Mr. G. J. Crosbie Dawson* gives the cost of the Ligno-
Mineral Pavement as follows : —

Per square yard,
Hard wood, including concrete foundation . . l4s. 6d.

Maintenance for 10 years, after the first 2 years . 0s. 8d.
Yellow deal, including concrete foundation . . 1ls. 6d.
Maintenance for 10 years, after the first 2 years .  0s. 10d.
. Footways, including foundations . . . . 68 0d.

The price of Mr. Henson’s pavement, as laid in Oxford
Street, is 12s. per square yard, if only 2 inches of Port-
land cement concrete is required ; and 14s. if with 6 inches
of the same concrete.

Mr. Ellice-Clark gave, in 1876, the cost for various
pavements, if laid in Derby, from which the following
particulars are deduced :—

Total i
First cost  Period of Cost Annoﬁtenost

ASPHALTES.—DERBY. persq. yard. maintenance. per year. per year.

Limmer . . . 16s.0d. 13yrs.  0s. 7d. 1s. 93d.

Val de Travers, with
iron studs . . 17s. 6d. —_ -— —

* «Street Pavements,” in the Journal of the Liverpool FPolytechnio
Soctety, 1876. . R
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Woop.
Carey. . . . 14s.9d. 10 yrs. 1s. bd. 28. 103d.
Asphaltic Wood . . 14s, 3d. 13 ,, 0s. 7d. 1s. 8id.
Ligno-Mineral:—
Yellow deal. . 1ls.6d. 17yrs. 1s 1jd.  1s. 9%d.

Hard wood . . 14s. 6d. 17 0s. 5}d. 1s. 3jd.
Improved wood . . 168. 0d. 16 ,, 0s. 9id. 1s. 83d.
GRANITE . . . 13s. 0d. 28 ,, 0s. 33d. 0s. 83d.

In these estimates for Derby, except those for Carey’s
‘Wood, and the Improved Wood, the cost for a foundation
of concrete is included, but no excavation.

That wood pavement, properly seasoned and properly
laid, with watertight joints, whether lime-grouted or
asphalted, may last for many years without suffering
decomposition, has been amply demonstrated by the expe-
rience of Carey’s pavements in the City of London, which
were laid in 1841. In New York, it appears, the average
duration of wood pavement is only four years, for “it is
estimated that the wood pavements become worn out and
useless at the rate of 25 per cent. per annum.” The failure
arises, not from simple wear, but from decay; and ¢ the
process of disintegration is much accelerated by the con-
stant wear and pressure from the wheels of vehicles, and
by the sudden changes of temperature which characterise
our climate.”* But the information is not of that pre-
cise character which would make it of use for comparison
in England. It has, indeed, been averred that the wood
was unsound when it was laid.

Wear —In the City of London, the abrasive wear of wood
pavement in the lines of traffic has been recently ascer-
tained, in a few instances, by direct measurement, by the
writer and others, to be approximately as follows :—

* Communications from the municipal authorities of New York and
Paris on the “Results of their Experience of Wood Pavements in
those Cities.”” 1876.
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Time Vertical Wear.
‘WooD PAVEMENT. down., Total. Per year.
1. Adelaide Place,
London Bridge Improved WoodCo. 3yrs. %inch -29inch
2. Bishopsgate St.
’ Without . do. do. 2}, . 30 ,,
8. TowerHill . Carey's. . . 6, 3%, 70
4. Bartholomew
Lane . . do. . . . 6y, i, 156
5. Cannon St. . do. . . . 2%, . 30 ,,

The amounts of wear in the first, second, and fifth in-
stances are practically the same, namely, ‘30 inch per year.
The widths and the daily traffics at the places where the
measurements were made, may be taken, for the first in-
stance, at 41 feet and 16,000 vehicles in 12 hours; and for
the second instance, 22 feet and 8,000 vehicles. For the
fifth instance, in Cannon Street, the measurement was made
just opposite Mansion-House Station, where there is much
cross traffic. The normal traffic is upwards of 6,000 vehicles,
and it may be taken as double, or 12,000 vehicles, at this
spot, with a width of 36 feet. The comparison, then, stands
thus—

Width -

of street.  Traffic per day.
1. Adelaide Place . 41 ft. 16,000 ve%icles, or 390 vehicles per ft. wide
2. Bishopsgate St.

‘Without . . 22ft. 8,000 ,, or 364 "
§, Cannon Street . 36 ft. 12,000 ,, or333 »
362 o ”»

. From these data, it appears that, for a traffic of 362
vehicles in 12 hours per foot of width, the wvertical
wear amounts to ‘300 inch per year. The wear for 100
vehicles per day per foot of width, is, therefore, equal to
(-300 X 483 =) -083 inch, or vz inch per year.
Experience is wanting,—at least in England,—for deter-
mining the minimum depth to which wood-block paving
should be worn, before being removed. It is said that, in
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some instances, ligno-mineral and other wood blocks have
been worn down to a depth of 2} inches when they were
removed. Sufficient depth of block is required for stability,
in wood-paving as in stone-paving; and, reasoning by
comparison, it would appear that there may be some mistake
in the first design of wood-paving, by limiting the depth,
when new, to 6 inches. The motive for this limitation of
depth, it can hardly be questioned, is one of economy in
first cost; but when it is observed that Carey’s earlier
wood-pavements in the City of London, which had 8 inehes
and 9 inches of depth, have far surpassed in duration more
recent pavements having only 6 inches of depth origi-
nally, it would be well for wood-paviors to try back,
and revise their designs on the basis of a 9-inch depth of
block for heavy traffic. In forecasting the amount of
vertical wear to which such blocks may judiciously be
subjected, it may be premised that, for equal original
dimensions, the amount of vertical 'wear may be at least
as much for wood, as it may probably be, and as has been
indicated, for stone-sets; for the geometrical form of the
wood-block admits of & more secure and more permanent
joint being made than for the roughly squared stone-set.
Empirically, then, the total vertical wear may be taken
at 1 inch on a depth of 6 inches, and 4 inches on a
depth of 9 inches, leaving stumps of 5 inches to be re-
moved. But, it is scarcely necessary to add, that in order
that a wood-pavement should be capable of undergoing
such amounts of wear, it must be solidly and rigidly con-
structed with thoroughly seasoned close-grained wood and
watertight joints, and thoroughly drained. Moreover,
time, the destroyer, is an element, and, in making esti-
mates, it is necessary to impose a limit to the duration
of wood, independent of the resistance to wear. In the
following table, the limit of endurance is taken at 20
years:— :



WEAR, 241

TaBLE No, 35,—~Wo00D PAVEMENT :—EsTIMATED DURATION.
Vertical wear, v inch per year Iggzhfbo vehicles per day per foot of
Wl .

Height of blocks.
6 inches. | 7 inches. | 8 inches. | 9 inches.
Twindﬁtgm foot of
per ye;' Maximum amount of vertical wear.
£ | 1inch. | 2inches. | 8inches. | 4 inches.
]

Vehicles. Years. Years. Years. Years.
100 12 20 — —_
200 6 12 18 20
300 4 8 12 16
400 3 6 9 12
500 21 5 7 91




CHAPTER XVIL
ASPHALTE PAVEMENTS.

THE employment of asphalte for the carriage-way of
streets was commenced in Paris, where, in 1854, the Rue
Bergére was laid with Val de Travers asphalte. In 1858,
three sides of the Palais Royal were laid with the material,
which was brought to the ground in the state of rock
crushed into small pieces, and was heated and powdered
by decrepitators. The foundation of concrete was about
6 inches thick; the asphalte was 2'4 inches thick in the
Rue St. Honoré and the Rue Richelieu, and 2 inches in the
Rue de Valois. The price was 20 francs per square metre,
or 13s. 4d. per square yard. The success of these pave-
ments was, it is said, complete, in spite of an unpropitious
season ; and, in 1859, the Rue des Petits Champs was laid.
But, the conditions were unfortunate. The street had
been occupied by drainage works, and had been filled with
loose soil to a depth of from 10 to 13 feet. On a 4-inch
bed of concrete, 2 inches of asphalte was laid ; the work
was carried on in rain and snow, and in January the street
was opened for traffic. Cracks in the roadway immediately
appeared, owing to the constant wet during the process of
laying, and the settling of the soil. Each damaged part
was repaired in succession. The price paid for the work was
15 francs per square metre, or 10s. 34. per square yard,
including the concrete at 2 francs per metre, or 1s. 4d. per
yard. This price was to serve as a basis for future pro-
posals for re-paving streets with compound asphalte :—to
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the standard of 4 inches of concrete, and 2 inches of asphalte*
The conversion of the street-pgvements into asphalte work,
on a large scale, was commenced in 1867. Seyssel-rock
asphalte was laid in the Rue Rf®helieu and elsewhere, and,
according to report, answered perfectly well.

AspHALTE PAvEMENTS IN THE City oF LoNDON.

The first pavement in asphalte, laid in the City of
London, was laid of compressed Val de Travers asphalte,
in Threadneedle Street, near Finch Lane, in May, 1869.
The next pavement was laid, in October, 1870, in Cheap-
side and the Poultry. Asphaltic pavement was rapidly
extended to other streets in the City, until, at the end of
1873, the total area of carriage-way covered by asphalte
amounted to about 61,000 square yards, extending over
7,484 lineal yards, or 4} miles, of thoroughfare. From
these data, it appears that the average width of car-
riage-way so laid was 24 feet 4 inches. The details are
given in a following table. Meantime, the various kinds
of asphaltic pavements that have been laid and tried in
the City of London, are now to be described. The par-
ticulars for description have been gleaned, for the most
part, from Colonel Haywood’s reports.

Val de Travers Compressed Asphalte Pavement.—Carriage-
ways are constructed with a foundation of concrete, of
from 6 to 9 inches in thickness, according to the traffic in
the street. The rock in its natural state is broken up and
reduced to powder by exposure to heat in revolving ovens.
It is then lodged in iron carts with close-fitting covers,
and brought upon the ground, taken out, laid over the
surface, and, whilst hot, compressed with heated irons into
a homogeneous mass without joints. The finished thick-
ness is from 2 to 2} inches, according to the traffic, and
the material is further compressed and consolidated by the

M2
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action of the traffic: by as much as 20 or 25 per cent.,
according to the statements of the Company.

The pavement laid in Threadneedle Street, already
noticed, was laid on a fSundation of concrete 8 inches
thick ; a coating of mastic, }-inch thick, was laid over the
concrete, and over this, 2 inches of Val de Travers com-
pressed asphalte. The mastic was applied to expedite the
work; but it has not been used in any other pavement
formed in the City.

The next pavement that was laid,—in Cheapside and
the Poultry,—was 2} inches thick, with a foundation of
concrete, 9 inches thick. The cost was 1s. 94. per square
yard for concrete, and 16s. 3d. for asphalte: together, 18s.
per square yard.

Val de Travers Mastic Asphalte Pavement.—In laying this
pavement, the rock is ground to a fine powder, and placed
in caldrons on the ground, with an addition of from 5 to
7 per cent. of bitumen. When heated, it becomes semi-
fluid ; then, 60 per cent. of grit or dry shingle is added to
the melted mass, and after having been thoroughly mixed,
the compound is spread over the bed of concrete in one
layer. In March, 1871, George Yard, Lombard Street, was
paved with this mastic asphalte, in a layer 1} inches thick,
on a bed of concrete 6 inches thick. The price, including
concrete, was 12s. per square yard.

Limmer Mastic Asphalte Pavement.—The rock is broken
up and mixed with clean grit or sand, of different sizes,
according to the place in which the pavement is to be laid.
A small quantity of bitumen is added to the materials.
The mixture is heated and made liquid in caldrons on the
spot, and the compound is run over the surface of the
foundation of concrete, and smoothed with irons to the
required profile. It is run in two layers, the lower of
which is made with grit of a larger size than that of the
upper layer. The total thickness of asphalte, when finished,
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is from 1} to 2 inches, according to the traffic. This
asphalte was first laid in Lombard Street, and the pavement
was finished in May, 1871. The concrete was 9 inches, and
the asphalte 2 inches thick.” The price of the concrete
was 2s. 8., and of the asphalte 13s. 4d.; together, 16s. per
square yard. '

Barnett's Liguid Iron Asphalte Pavement.—This is made
either of natural or artificial asphalte, mixed with pulverised
iron ore or sesqui-oxide of iron, and a small proportion of
mineral tar. The materials are heated in a caldron, and
melted, then run over the surface, and smoothed like other
liquid asphaltes. The usual thickness is 2} inches. It was
first laid in Moorgate Street, in October, 1871. The price
was 13s. 6d. per square yard, exclusive of foundation.

Trinidad Asphalte Pavement.—This is a compound of
Trinidad pitch, broken stone, chalk, and other ingredients
comminuted and mixed together. It is laid as a heated
powder. A piece of this pavement was laid in Princes
Street, in June, 1872, for which the price was 10s. 84. per
square yard. ' This pavement showed signs of wear directly
it was opened for traffic. It was continually under repair,
but it got cut to pieces, and was taken up in the end of
October, and replaced by Val de Travers Asphalte.

Patent British Asphalte Pavement.—This pavement does
not contain any natural asphalte. It is composed of cer-
tain oils, caustic lime, pitch, sawdust, and iron slag or
grit ground to a powder. The mixture is heated in a
boiler, and, in a semi-liquid state, run over the surface of
a bed of concrete. This pavement was laid next the
Trinidad asphalte, in Princes Street, in July, 1872, at the
price of 12s. per square yard. By the month of December,
it had suffered severely from the wear of the traffic, by
which it was pulverised ; and, after having been repaired,
ineffectually, it was taken up in the same month and re-
placed by the Val de Travers Asphalte.

~
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Montrotier Compressed Asphalte Pavement.—This is a
natural asphalte from the mines of Montrotier, in the
department of Haute Savuie, France. It was laid as
heated powder, in Princes Street, at the north side, and
compressed with rammers in the same manner as the Val
de Travers asphalte. The work was completed in August,
1872. Price, 15s. per square yard.

The compressed asphalte of the Société Frangaise des
Asphalte is brought from the mines of Garde Bois in
Seyssel. It was laid 2§ inches in thickness, in Princes
Street, in July, 1872, on 9 inches of concrete. The price
was 14s. 9d. per square yard.

Maestu  Compound Asphalte.—This asphalte is brought
from mines at Maestu, in Spain. The pavement is formed
of blocks of asphalte compressed into the shape of bricks,
about 6} inches wide, 22 inches thick, and 13 inches long,
laid on a bed of concrete, and the joints grouted with
bitumen. This pavement was laid in Threadneedle Street,
in\December, 1871, at the price of 12s. per square yard.
It failed at places, owing to defective concrete; and, after
having been repaired, it was taken up in January, 1872,
14 month after it was laid.

Stone's Slipless Asphalte.—A foundation, 9 inches thick,
is composed of a peculiar cement, compressed while in a
fluid state by machinery, under & pressure of 112lbs. per
square inch. A layer of asphalte, 24 inches thick, in a
heated state, was laid on this foundation; it was com-
posed of tar, cement, sand, and lead-ore, subjected to com-
pression as the concrete was. A specimen of the pave-
ment was laid in King William Street, near Nicholas
Lane, in July, 1873 ; but it failed to sustain the traffic,
and was taken up in September, after having been down
only 5 or 6 weeks.

Bennett's Foothold Metallic Asphalte.—This pavement con-
sisted of blocks about 2 feet square and 4 inches thick.
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The lower portion—3 inches thick—of the blocks is com-
posed of British manufactured asphalte and burnt ballast.
The superstratum of the blocks, 1 inch thick, is composed
of foreign asphalte, bone-dust, sulphate of lime, and cer-
tain metallic substances, including lead. The strata were
fused together. Portions of the superstratum, 6 inches in
diameter, at 83-inch centres, were raised above the general
level of the surface, and made hard by some process, with
the object of increasing the wearing powers of the pave-
ment, and to preserve its convexity. A specimen of the
pavement was laid in King William Street, near Nicholas
Lane, in October, 1873 ; but, failing to sustain the traffic,
it was taken up in January, 1874, after having been down
three months.

Lilligs Composite Pavement.—This pavement was com-
posed of asphalte, wood, and broken granite. A specimen
for trial was laid in Lombard Street.

" MeDonnells Adamantean Concrete Pavement.—This material
was composed of blocks made of broken stone, chalk, lime,
and clay, mixed with vegetable or mineral pitch or tar.
A portion of the carriage-way of Carter Lane was, in
April, 1869, paved with this material. The blocks were
18 inches long, 12 inches wide, and 6 inches deep; they
were laid with £-inch joints, upon a solid foundation,
and run up with an asphaltic composition. The price
was 20s. per square yard. The pavement showed a
serious degree of wear at the end of the first year after
it had been laid; and at the end of 18 months it had to
be extensively repaired by the contractor, according to the
terms of his contract. In 1872, it was in such a bad.con-
dition, that, not having been repaired by the contractor,
it was taken up in September of the same year, after
having been down 3 years and 5 months. The traffic of
the Lane did not exceed 700 vehicles in 24 hours.

Granite Pavements with Asphalte Joints,—Trials were made
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of asphalte jointing for granite sets, as in the pavements of
Manchester and other northern towns. A portion of Duke
Street, Smithfield, was paved with Carnarvon granite sets,
3 inches wide, 6 inches deep, and 6 inches long. They
were laid with 1-inch joints, which were filled with small
clean pebbles, and run up with a composition of pitch and
oil boiled together. The work was completed in May,
1868.

A piece of Aberdeen granite pavement was laid for
comparison at the same time, contiguously, in the same
street. The sets were 3 inches wide, and 7 inches deep,
and were jointed with lime-grout, in the usual manner.

In 1871, the two pavements were in nearly the same
condition ; but the lime-grouted pavement showed, if
anything, the greater amount of wear:—the difference
having been ascribed by Colonel Haywood,—no doubt
correctly,—to the comparative softness of the Aberdeen
sets. Both pavements were removed in May, 1873, after
a five-years’ trial, and replaced by wood.

Another piece of this kind of paving, formed with
Aberdeen granite sets, 3 inches wide and 9 inches deep,
was laid in St. Paul’s Churchyard, at the east end, in
April, 1870, and removed in December, 1875, after having
been down 5 years and 8 months. During this time, no
repairs were done to the pavement. For the first three
years, the surface continued in very good condition ; after-
wards, it gradually fell into disrepair, and, in the last year,
it was in a very bad state. Small repairs were not done to
it, in the way customary with lime-grouted sets, by reason
of the difficulty and expense of taking up and relaying
small detached portions :—which required a boiler ani
special apparatus to be brought to the ground. :

Colonel Haywood reported that all the asphalte-jointel \
granite pavements were noisier and less pleasant to travel
over than the pavements grouted with lime.

=
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The following table, No. 36, gives the length and area
of carriage-ways paved with asphalte, at December, 1873.
Since this date, several additional pavements in asphalte
have been laid :—

TasLE No. 36.—CitY oF LoxD0oXN :—EXTENT OF ASPHALTE CARRIAGE-
wAY Pavemexts, AT DECEMBER 31, 1873.

(CoronerL Haywoon.)

. Number
Pavement. of streets,| Length, Area.
&e. paved
Yards. Square
Val de Travers, compresscd . 20 4,185 34, 876
Val de Travers, mastic . 1 69 232
Limmer, mastic . . . . 8 1,446 8,477
Barnett's, mastic . 6 1,705 16,644
Société Francaise, compresscd [ 1 39 397
(Seyssel) . . .
Montrotier, compresscd 1 40 346
Total number of pavements . 37 7,484 60,802

Note 1o TapLE.—The Val de Travers compressed pavcments and
the Limmer-mastic pavements for carriage-ways, comprised in this
table, were, with three exceptions, made with 2 inches of asphalte;
they were laid on concrete of from 6 to 9 inches in thickness. The
exceptional thicknesscs were 2} inches for Cheapside and the Poultry,
as before noted; and 2} inches for Gracechurch Street and Queen
Street.

The pavements of Barnett’s Iron Asphalte were laid on 9 inches of
concrete, and wero 2} inches thick. The pavement of the Société
Francaise was 2§ inches thick, on 9 inches of concreto; and that of
Montrotier was 2 incheg thick.

From the experimental results just recorded, it is ap-
parent that no preparation of asphelte compounds can
compete successfully with simple asphalte as a material for
roadways. Experience has amply conﬁ.rmed Colonel Hay-
wood’s belief, expressed in his report of July, 1871 :—
“It has been seen,” he says, referring to the Val do

M3
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Travers compressed asphalte and liquid asphalte, the
Limmer mastic, and Barnett’s iron-asphalte mastic, ¢ that
the modes of compounding and forming the asphalte pave-
ments differ materially, the one being a mineral unmixed
and laid in a state of dry heated powder, the other three
being composed of asphalte largely mixed with grit, sand,
and other ingredients, and laid in a heated liquid state.
There is consequently a marked difference between their
structures, and I incline to the belief that the asphaltes
which will form the most durable pavements for carriage-
ways are those capable of being laid and compressed in
the shape of heated powder.”

In a report by Colonel Haywood, dated April 18, 1873,
he described the condition of the pavements laid in the City
of London, at the 1st March of that year, from which the
following table, No. 37, has been compiled. Portions of
some of the pavements were cut out under his direction,

in order to ascertain whether they had lost materially in .

thickness. ‘There is no doubt,”” he says, ‘that the
asphaltes have somewhat diminished in thickness under
the wear of the traffic, but owing to inequalities when they
were first laid, and to the compression which takes place
in all those laid in the shape of heated powder, it would
be difficult to ascertain the exact wear without making a
very large number of openings.”

By “holes” or ‘‘short holes,” in the table, it was not
meant that the asphaltes were worn down to the concrete
foundation. The larger holes upon compressed asphalte
are in most cases depressions caused by the traffic, and do
not necessarily indicgte surface wear. In the mastic as-
phaltes, on the contrary, they are for the most part the
result of disintegration and wear of the surface.

Minute holes are noticeable in compressed asphaltes
shortly after they are laid, which seem, after a time, to close
up or disappear, whilst others open. The cause of this

LS
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“flow of solids,” which Colonel Haywood thinks may be
due to the presence of foreign substances, or of moisture
from the foundation, has not yet been satisfactorily ex-
plained.

The lengths of time during which these asphaltes had
been down, at the date of the inspection, were 3 years
and 9 months for one, 2 years and 2 months for two,
less than 2 years for eighteen, less than 1 year for four,
and less than 6 months for five.



252 ASPHALTE PAVEMENTS.

TasLe No. 37.—Crry or LoNDON :—DurATION
VAL pE TRAVERS

S 'l Vehicles in 12
‘3%?, hours in 1872-7. Time
Locanrry. %g S ME"B‘%‘ al,
Per foot, .
B%% || Total [oFTidth
Vehi- | Vehi-
Feet. || cles. | cles. |¥rs. Mos.
Poultry : next kerb, general surface | 22 || 7,997 363 2 2%

Cheapside: next kerb, general | 30 || 8,949 298 2 2%
surface.

Old Broad Street . . . 24 2,473| 103 111}

New Broad Street . . . 24 1,616 63
Throgmorton Street . . .14 661 | 47 111
Milk Street . . . . .| 14} 616| 36 111}
RussiaRow . . . . .| 7 97| 14 111}
Queen Street . . . . 15 2,292 | 163 110
Old Bailey . . . S22 2,903 | 132 110
Gracechurch Street .« .| 21 || 4,730( 226 1 7%

Fixésbury Pavement and Moorgate | 42 || 5,361| 128 1 6}
treet.
Moorgate Street . . . .| 82 | 6,000 188 1 6
‘Wood Street . . . . o 143 980| 68 1 6

London Wall 24 || 2,600| 104 1 4}
Threadneedle Street, noar chh 26 3,696 | 142 3 9
Lane.
Ditto, east end . . . 14 » 264 1 2
Ditto, central . . . N . ” 264 11
Mansell Strect . . . o — 498 — 1 4
Mansion House Street . . .| 46 13,767 300 0 8
Princes Street . . . .| 24 | 5,628 234 0 3
Ditto o .o o o | o , |23 || 0 2
L e R VAL e

George Yard . .“. . I — " 58| —_ “ 111 |
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AND Rerair or AspHALTE PAVEMENTS, 1873.
AsSPHALTE (COMPRESSED).

Repairs and Condition on March 1, 1878,

Continually repaired at night. Many holes in the entire surface.
Channels much worn. Extensive repairs required this year.

Continually repaired at night. Many small holes in the surface;
mostly appeared within the last 6 months. Very extensive repairs
required this year.

No repairs done. A few small holes ; otherwise in good condition.

No repairs done. Channels somewhat worn.

One or two repairs done. One or two holes, channel somewhat
worn. Otherwise in good condition.

One or two repairs made. In good condition.
ifling repairs. In fair condition.

No repairs. In good condition.

Frequent repairs at south end, where there are many small holes.
Many depressions towards north end. Generally in good con-
dition; but not so good as others of this Company.

Trifling repairs. Small holes over the surface. Generally in good
condition. :

A fewsmall holes. In very good condition.
ifling repairs. Channels worn; a few small holes. Otherwise in
good condition.

Slight repairs. Some short holes. Generally in good condition.

The first pavement laid in the City. Nine very small repairs made.
A few holes. Generally in good condition.

Narrow way frequently repaired. Channels deeply worn. Well-
marked depression at middle by wheels. Many short holes at
east end. Much wear.

013‘(1_3 slight repair. A few small holes. Otherwise in good condi-

on.

Slight repairs. Surface worn; otherwise in good condition.

No repairs; in good condition.

Travers (Masric).

No repairs. Small depressions on surface; but generally in good
condition.
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TanLe No. 37.—Crry oF LoNDON ;:—DURATION AND
LmMMER

Vehicles in 12
hours in 1872-78.|| Time
down at

i
|
;——— e
|

Approximate
average width
of pavement.

1878.
Total Per foot
of width

Vehi- | Vehi-
cles. | cles. |[Yrs. Mos.
2,499 | 147 1 9%

6,000/ 188 || 1 5%

Lombard Street ~. . . o 17
Moorgate Street . . . .| 32

|
|

Corphil. . . . . .| 23 [ 8607 — 011}
BARNETT'S
Moorgate Street . . . .| 32 | 6,000 188 1 4}
Carter Lane . . . . . 8 317| 40 0 5
Lothbury . . . . .| 43 [ 1,612) 38 | 0 4
Bishopsgate St. Within ... ] 28 |6,048 216 0 2}
MONTROTIER

| Princes Street . . . | 24 6562812385 || 0 6}

SociiTEé FRANCAISE DEs

Princes Street T+ . l a1 ” 6,628!268 K 75'
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REPAIR OF ASPHALTE PAVEMENTS, 1873~—continued.
AspuALTE (MasTIC). ’

Bepairs and Condition on March 1, 1878.

Extensively repaired in last 3 months. Channels worn. Many
short holes at middle of way.

Extensively repaired in last 3 months. Considerable indications of
surface wear in the middle; a few bad holes and depressions.
Otherwise good.

Trifling repairs. Channels slightly worn. Middle of way con-
siderably worn; surface rough.

AspHALTE (MasTIC),

Extensively repaired.. Many small holes, especially at south end,
which was laid in very bad weather.

Surface in good condition.

Large portion badly laid, re-laid. Surface variable, some parts
smooth, others worn and rough.

No repairs. Numerous holes; and indications of loose structure
or of wear. Eastern part rough, indicating inferior material or
bad laying. Weather very bad when it was laid. _

AsPHALTE (COMPRESSED).
| No repairs. ITn good condition. |

AspuaLTES (COMPRESSED).
No repairs. Unusually wavy.  Generally in good condition.
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In compiling this table, an attempt has been made to
gauge the intensity of the traffic by a calculation of the
daily number of vehicles by which each street was tra-
versed, per foot of the width of carriage-way. These
traffics are placed in the following table, No. 38, for
comparison with the loss of thickness, taken at per year,
in the last column :—

TasLe No. 38.—Ciry or LoNDON:—WEAR oF ASPHALTE PAvE-
MENTS, 1873.

VaL pE TrAVERS ASPHALTE (COMPRESSED).

I
Vehicles® | _Time Loss of nominal thicknees.

12 he down at
Locavrry. p“;x fogtn?f M l‘l,
i' width, il 1873. Total. Per year.
}l Vehicles. || ¥rs. Moa.|  Inch. Inch.
Poultry : next kerb . 363 2 2% || -44 to -94 | 20 to ‘42
Do. general surfaco l| 363 » -875 to 75| 17 to 34
Cheapside : next kerb . 298 2 2% || -81 to *94 | *36 to ‘42
OEIO ggn?l su!éaced . i' 298 | 3 ‘17
an ew Broa .
vl b I 108 | 11p] 3 16
Queen Street . 163 | 110 | 3 41
Moorgate Street . .| 188 | 1 6 118 08
; 1(1 2% {100 (next 87
Threadneedle Street, 142 | kerb)
cast end and centre . ‘ 1)1 1} Iyl (general 06
surface
Average for gencral ' .
verago } o208 | — — 19

. LiyMeR ASPHALTE (MASTIC). :
Lombard Sixeet . .|| 147 | 1 93| % | 07

BARNETT’S AsPHALTE (MasTIC).
Moorgate Street N\ -l 188 | 1 43| ¢ | 05

MoNTRO
Princes Street . . ll

R ASPHALTE (COMPRESSED).
236 ” 0 6} “ jtoi |°35 to 1-40

The data contained in this table, No. 38, are too scanty
for the purpose of making & useful comparison of the
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wears of the” different asphaltes; but a general relation
may be observed between the traffics per foot of width
and the vertical wears per year of the pavements in
Val de Travers Compressed Asphalte; and the averages
are as follows:—

Val de Travers Compressed Asphalte Pavement for Carriage-ways.

Vehicles in 12 hours per foot of width . . . . 208 vehicles.
Loss of thickness per year (say jinch). . . . ‘19inch.

It has been argued that the reduction of thickness is the
result of simple compression under the traffic, and not
sensibly of wear :—an argument which is countenanced by
Colonel Haywood, who found that asphalte is not so noise-
less after it has been down for two or three months, as it is
when first laid, and ascribed the difference to compression
and solidification under trafic. Be that as it may, de-
terioration of the surface is augmented by the action of
the traffic; and, ultimately, the abrasion, and the conse-
quent loss of thickness, must proceed in an increasing
ratio, for it can scarcely be questioned that the material
next the upper surface is originally more durable than
what is under it.

‘With the experience of nearly a year later than the date
of his report from which the foregoing data are derived,
but without sufficient experience to determine the actual
durability of asphalte in the City, Colonel Haywood, after
full consideration of all the circumstances, thought ‘ that,
without much repair, none of the asphaltes would last more
than from four to six years; and that, in the course of
from six to ten years, the entire surface of all will have
been renewed.” In explanation, it is to be said that the
repair, however slight, of an asphalte carriage-way pave-
ment, requires that entirely new material should be ap-
plied in replacement of that which is in a state of dis-
repair. That is to say, there is no such operation as
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the relaying of an asphalte pavement. But, the asphalte
that is removed, is utilised by being converted into a
liquid asphalte for the formation of footpaths.

In the Appendix, a table, extracted from a recent
report of Colonel Haywood, gives the condition of the
asphalte carriage-way pavements in the City of London,
on the 1st of February, 1877. It may be noted that the
works of two of the Asphalte Companies,—the Montro-
tier, and Barnett’s,—no longer exist.

The asphalte pavements in the City of London are all
maintained for periods of 16 or 17 years, by contract with
the respective companies by whom they were laid.

VAL pE TRAVERS ASPHALTE, Concrete. Asphalte,

(Compressed.) inches,  inches. Completed.
Cheapside . . . . 9 2} Dec. 1870
Poultry. . . 9 2} Dec. 1870
Old Broad Street . 6 2 March, 1871
Gracechurch Street . 9 2} July, 1871
Finsbury Pavement . . 6 2 Aug. 1871
Moorgate Street (N. end) . 6 2 Aug. 1871
Queen Street . . 9 23 April, 1871

Limurr Aspuavte (Mastic).
Moorgate Street (central) . 9 2 Sept. 1871
Lombard Street . . . 9 2 May, 1871
Cornhill . . .« e 9 2 March, 1872
Mincing Lane . . . 6 2 Aug. 1873

Barwerr's AspHALTE (Mastic).
Moorgate Street (3. end) . 9 2} Oct. 1871

Var pe Travers (Mastic).
George Yarde . o 6 1} April, 1871

The terms of the contracts for these streets are given
in Table No. 39, which follows :—
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TasLe No. 39.—City or LoNDON :—CoST OF ASPHALTE PAVEMENTS.
Laid and Maintained by Contract.

Nores To TABLE.~—1. Exoa.vaﬁon is not included. 2. The pavements to be given up as
' good as new.

AsprartE PAVEMENT IN MANCHESTER.

A specimen of Val de Travers asphalte, 1,000 square
yards, was laid in a street in Manchester, and was down
two years. During 17 days in December, 1873, and
January, 1874, 61 horses fell, or 3'6 horses per day:—
comprising 12 carriage horses and cab horses, 39 lurry
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horses, and 10 cart horses. The surface was very slip-
pery, and considered to be extremely dangerous except
in exceptionally dry weather, or wet weather, and not
suitable for the humid atmosphere of the Manchester
district. The pavement was replaced with granite.



CHAPTER XVIII.
OTHER PAVEMENTS.

Metropolitan Compound Metallic Paving.—This pavement
is formed of blocks of a hard cement, having an iron
frame bedded on the top enclosing a certain portion of
wood. A specimen was laid in Threadneedle Street, in
1853 ; it did not prove satisfactory, and was replaced by
the proprietors by a new and better specimen, in January,
1854. By the end of the year, it became very unsatis-
factory, and was extensively repaired. In June, 1855, it
became dangerous, and was finally removed.

Cast Iron Paving.—General Krapp’s cast-iron pavement,
an American invention, consists of cast-iron frames divided
into sections, the divisions being sufficiently close together
to prevent the admission of horses’ hoofs. The runs and
divisions are about 1 inch in width on the top, closely
grooved to about an inch in depth. The frames are so
designed that, to some extent, there would be a connection
and mutual support throughout a paving laid with them.
They are laid upon the usual substratum, in the same
manner as granite paving, the interstices being filled with
gravel, stones, or concrete. The weight of the pavement
is 250 pounds per square yard ; it costs, when complete,
about 18s. per yard. A specimen was laid in Leadenhall
Street, early in 1855. By the middle of the year, it got
very much out of repair, and it was relaid on concrete,
the interstices being filled with concrete ; but its condition
was not very satisfactory. In February, 1857, it was in
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an extremely bad state of repair; and in April, it was
finally removed, after having been down for a little over
2 years.

The Cellular Iron Pavement.—This pavement consists of
cast-iron blocks, 14 inches square, having a flat sole with
a downward stiffening rib at each edge, and honeycomb
reticulations on the upper side, which are open through
the casting. The six-side cells so formed, are oblong,
there being six cells side by side, one way, and four the
other way of the block. The cells overhang the edges a
little, and are the means of interlocking the blocks verti-
cally when the blocks are placed in position. Thus, it
was designed, the paving would rest solidly and immovably
on a common substratum ; and any substance like sand or
gravel thrown on the pavement, was to be driven through
the cells by the weight of the traffic, and would in fact
constitute a continuous packing. This pavement was tried
in the Poultry in 1863.

Polstti and Dimpfi’s Artificial Granmite Pavement.—~This
pavement is made into blocks, 3% inches wide, 6 inches
deep, 8 inches long, composed of ordinary clay, highly
compressed and then 'burnt. Each block weighs about
12 pounds. The bed for the pavement is levelled and
made up with ordinary ballast, and the joints between the
blocks, }-inch wide, are filled up with the same material.

Compound "Wood-and-Stone Pavement.—Mr. Newlands, in
1855, tried & system of paving granite sets and wood
blocks in alternate courses, for the purpose of lessening
the noise of granite pavement. A portion of Great Howard
Street, Liverpool, was paved in this manner, and, for a
short time, it appeared to answer the purpose. But the
wood speedily became depressed below the surface of the
granite, either by compression or by wear, and the gaps
thus made between the stones had the effect of increasing
instead of diminishing the noise.
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Conorete Pavement.—This pavement, designed by Mr.
Joseph Mitchell, is laid on a bed of Portland-cement
concrete, 3 inches deep. The bed may be made with
broken stones or with gravel. It is allowed to remain
10 days for consolidation. Paving sets, 2} or 3 inches
wide, and 5 inches deep, are du:lf on the bed, with cement
mortar, and the joints are filled up with cement grout.
The best cement only is used, and the pavement becomes,
in fact, & work of masonry 8 inches deep. A piece of this
pavement was laid on George IV. Bridge, Edinburgh, in
1866, where the traffic was heavy and continuous; and,
after 3} years of work, it was in excellent order, water
running freely off the surface, whilst the wear was scarcely
perceptible, and the surface was said to be much freer
from mud and dust than ordinary pavement. The cost
was said not to exceed that of ordinary pavement made
with sets 9 inches deep.



CHAPTER XIX.
COMPARISON OF CARRIAGE-WAY PAVEMENTS.

Comparative Costs.—The experience of wood-pavements
of the best construction, and also that of asphalte, for car-
riage-ways, in England, is of recent origin, and the terms of
a comparative statement of their costs must be approxima-
tive. The results of various estimates already given, are
here grouped together for easy reference, not as matured
estimates, nor even as data for direct comparison :—

Granite Pavement, in the City of London, excluding Foundation.

Duration. Total cost per year.
Gracechurch Street (page 185) 25 years 7'92d. per square yard
London Bridge (page 184) . 9 1s. 104d. » "

Five Thoroughfares (page 188)  16% ,, 1s. 7d. »

»

Wood Pavements, in the City of London, including Ballast Foundations.
Carey's—six thoroughfares . 103 years  2s. 6d. per square yard
Improved Wood—four do. . 16 ,, (cont.) 2s. 4d.

” ”
.

Asphalte Pavements, in the City of London, including Foundations of
Conerate.

al de Tra
V(Co; ; ver:; ) } 17 yrs. (cont.) 1s. 73d. to 2s. 43d. per square yard

Limmer (Mastic) . 17 ,, ,, 1s. 4}d. to 1s. 7}d.
Barnett's ( ,, ). 18

” ”

” . 1s. 10d. ,,

An allowance, at the rate of 1s. 94. per square yard for the
first cost of a concrete foundation, may be made, in esti-
mating the addition to be made to the above-noted costs of
granite pavements, to bring them into direct comparison
with the other pavements. But, the costs as given for wood
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and asphalte are only nominal. There is reason for believ-
ing that the total cost for construction and maintenance of
wood-pavement of the best recent comstruction will be
found to be much less than the costs above given for it;
and that the cost for asphalte pavement will be much
greater than the costs above given for it.

"The cost of Yorkshire paving, 3 inches thick, laid in the
City of London, amounted, in 1850, to from 6s. to 6s. 6d.
per square yard; and the average cost for repair
amounted to about one penny per square yard per year.
After remaining down for about 18 years in principal
thoroughfares, the paving was removed and relaid in
courts or in streets of inferior traffic, where it was esti-
mated it would last from 15 to 20 years longer. The total
life was taken at 36 years, which was about the same
length of time as the life of granite carriage-way pave-
ment at the same epoch.

But it has recently, in 1875, been estimated that the
Yorkshire stone foot-pavements of London, now last only
7 years in the busiest localities, or 12 years in localities
of small traffic.* There appears to be an error in the
estimate.

The cost of supplying and laying 3-inch Yorkshire
flag-stones in Liverpool, before the introduction of Caith-
ness flags, was from 3s. 6d. to 3s. 94. per square yard.

The following table is given by Mr. G. J. Crosbie
Dawson, for the average costs of foot pavements :—

Per sqwn'@a yard
8. .
Yorkshire Flags . 9 9
Asphalte, Val de Travers 6 0
Blue Brick Paving 4 6
Gravel Paths . 2 3

~ Comparative - Slipperiness.—Colonel Haywood, in 1873,

% The Builder, July 381, 1875, page 679.
N
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made exhaustive observations on the accidents to horses
on carriage-way pavements in the City of London:—
granite, wood, and asphalte. The wood pavements con-
sisted of the *“ Improved Wood,” and the ‘‘ Ligno-Mineral *’
pavements. The asphalte pavement was the Val de
Travers (compressed).

The average of 50 days’ observations showed that
granite was found to be the most slippery, asphalte next,
and wood the least. That,—

Granite was most slippery when dry; safcst when wet.
Asphalto »” » damp; ,, , dry.
‘Wood ” » damp; » dry.

The numerical data upon which these conclusions are
founded, are summarised in the Table No. 40.

TasLe No. 40.—City oF LoNDON :—COMPARATIVE SLIPPERINESS
OF CARRIAGE-WAY PAVEMENTS,

‘,
ll Distance travelled before a horse fell.
i
. | A
Pa T ! Dry. Damp..| Wet. |; v%rlage
' | 50 days,
o |
i Miles. Miles. Miles. ' Miles.
Granite . . . .| 78 168 637 | 132
Asphalte . . . .l 223 125 192 | 191
‘Wood (two kinds) . . 646 193 432 || 330
Improved Wood. . .| — | — | — | 446
Ligno-Mineral . . ] — _— — | 68

Here it is to be observed, that the worst condition of
pavement was dry granite, and the best condition was dry
wood. The Ligno-mineral wood pavement is obviously
far inferior, in point of safety, to the Improved Wood.
Improved Wood may be taken as representative of other
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wood-pavements recently laid, in respect of safety to
horses.

Comparative Convenienco.—Wood pavements make the
least noise; and asphalte pavements make less than
granite. Of the wood pavements, the quietest are those
which are laid on concrete; and the closer the joints, the
quieter and steadier is the motion over the pavement.
For, in all wood pavements, the fibre is turned over at the
edges into the interspaces; and a series of hollows is
established between the blocks, which, in the more widely
set pavements, give rise to unpleasant vibration in vehicles
passing over them,—like that produced by a stiff spring
insufficiently loaded. Henson’s pavement is the only one
in which such vibration is prevented; and it is no doubt
the dryest, the smoothest, and the most silent of wood
pavements, whilst it is likely to be amongst the most
durable.

‘Wood absorbs moisture, and is frequently damp when

asphalte is dry; but if it be reasonably clean, the damp-
ness does not affect the safety or the comfort of the traffic.
Colonel Haywood says that, although some streets in the
City have been paved with wood for thirty years, no com-
plaints of offensive smell, or of unhealthiness, have been
made to the Commission.
. The Committee of the Society of Arts, on Traction on
Roads, express, in their report,* very strong -sanitary
objections to wood as a material for pavements. Since that
report was written the practice of wood paving has been
much improved. As Colonel Haywood puts it, ““in con-
fined places, and under some conditions, wood might be
objectionable. I have seen it decaying in confined places
without traffic.”

Printed in the Journal of the Society of Arts, Junc 26, 1875

N2



CHAPTER XX.
CLEANSING OF PAVEMENTS.

Tae dust and mud of the streets of great towns con-
sist generally of four things :—comminuted stone, horse-
dung, shoe-iron, and shoe-leather. House-refuse is not
an unknown element ; it counts for something in the mass
of articles that is collected in and removed from the streets
and roads. Dr. Letheby, in 1867, analysed dry mud from
the streets of the City of London,—dried by exposure
for many hours to a temperature of from 266° to 300°
Fahr. At the same time, he analysed, for comparison,
well-dried fresh horse-dung, and common farm-yard dung.
The results of the analyses, for the mud of stone-pave-
ments, are given in table No. 41.

TasLE No, 41,—CoMposITION OF MUD FROM STONE-PAVED STREETS,
Horse-pung, orR FArMYARD Duna.

Dried at 300° Fahr.

Mud from stone-paved streets.

organic (d:y | organic (wet| Ave! .
wea.t.her).y wentheg-). Tage

i| Fresh Farm-
CosgrrromwTs. | lég!::.- mg _ Maximum | Minimum
i
|

- Per cent. | Per cent. || Per cent. Per cent. | Per cent.
Organic . 827 699 582 205 472
Mineral . 17-3 30°1 41-8 I 795 6528

1000 | 100-0 100-0 100-0 100-0
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The higher proportion of mineral matter in wet
weather proves that in such weather the abrasion of
stone and iron is greatest. Dr. Letheby estimated that
the average proportions of stone, iron, and dung in the
muds were :—

Horse-dung . . . . . 57 per cent.
Abraded stone . . . . 30
Abraded iron .. - . . . . 15,

100 ”

The mud was so finely comminuted that it floated
freely away in a stream of water.

In the mud of wood pavements, the proportion of
organic matter in the dried mud was larger than in the
mud of stone pavements. It amounted to about 60 per
cent.

The amount of moisture in the street mud varied ac-
cording to the state of the weather :—

StoNe PAVEMENT. Moisture.
In the driest weather . . rarely less than 35 per cent.
In ordinary weather . . » 48% ,,
In wet weather . . . »y 0t090

By far the greatest proportion of the detritus of mac-
adamised roads consists of the worn material of the
road; and the important principle was early revealed
by experience, ¢ that the oftener that streets are cleansed,
the less is the mud which is created and removed, whilst
the attendant expenses are by no means increased, and
the roads are kept in a better state of preservation.”
This principle is, besides, logically deducible from the
fact that the worn particles, if left on the surface, act
as a grinding powder under the wheels and the horses’
feet, to reduce to similar powder the surface of the road ;
and that the mud which is formed with the detritus,
when rain falls upon and is mixed with it, operates

P
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like a sponge in retainirg the moisture upon the sur-
face. The upper crust as well as the substratum, under
these circumstances, become saturated with moisture,
softened, and ‘‘ rotten ;""—just as a gravel footpath, hard
and solid in ordinary weather, becomes sodden and pulpy
when it is lapped for a time by a covering of half-
melted snow. The macadamised carriage-way, thus re-
duced, is exposed to rapid deterioration by the traffic,
which increases in a highly accelerated ratio with the
period during which the road is left uncleansed. The
statistics of cleansing unanimously support these conclu-
sions. Shortly after Sir Joseph Whitworth introduced
his street-scraping machine in Manchester, it was ascer-
tained from calculations made by the municipal authorities
on the relative advantages of machinery and manual
labour, that, by cleansing the macadamised streets with
the Whitworth machine, three times a week, the quantity
of mud produced on the surface was only one-fifth of
what was produced when they were swept by hand
twice in three weecks, and only one-thirteenth of what
was produced when they were swept once a week. The
following are the statistics referred to :—

Ma~cuesTer :—Area of district, 5,600,000 square yards.

Average area

swept to
Loads produce a
removed. load.
Bquare yards.
Swept by machine three times a week . 1,285 4,388
Swept by manual labour twice in three
wecks. Township, 1841-42 . . 6,400 859
Swept by manual labour once a week.
Township, 1838-39 . . . . 17,000 343

There is a want of harmony in this statement, from
which it appears that by hand-scraping once a week
more mud was collected than by scraping once in 10 days.
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There was probably a difference of circumstances, as
there was an interval of three years between the two
series of observations. Be that as it may, it is obvious
that the more frequent cleansing performed by the ma-
chine, was instrumental, not only in keeping the streets
in better condition, but in reducing the tear and wear
- of the streets, as represented by the decreased quantity
of detritus which was generated and removed.*

‘When a road is very soft, it should not be touched;
or, at the most, only the loose liquid mud should be
removed, by light sweeping, with, at the same time, a
copious use of water. When a road is in a soft con-
dition, and is covered with a thick tenacious mud which
adheres to the stones, it is a common opinion that the
use of water injures the road by softening the surface,
and causing a removal of the material. But the truth
is exactly the reverse. A road in this condition can-
not be effectually cleansed without water :—by the free
use of water, the mud is softened, is liquefied, and is
easily removed without impairing the integrity of the
surface, or removing the useful grit. )

The difficulty and cost of cleansing streets effectually
by hand-labour, are materially diminished by the sub-
stitution of the sweeping machine. The Whitworth
machine has been much employed for cleansing streets.
The apparatus consists of a series of broad brooms,
usually about 30 inches wide, attached to a pair of
endless chains which turn upon an upper and a lower
set of pulleys suspended in a light wrought-iron frame,
behind a cart, the body of which is near the ground:
As the cart-wheels revolve, they communicate, by gear-
ing, a rotary motion to the pulleys carrying the endless

* See a paper “ On the Prcsent State of the Streets of the Metro-

polis,” Proceedings of the Institution of Civil Engincers, 1843; vol. ii,
page 202,



72 CLEANSING OF PAVEMENTS.

chains and the brooms attached to them; the brooms
being sufficiently lowered so as to bear upon the
surface of the street, they successively sweep the sur-
face, and carry up the soil on an inclined carrier-plate,
over the top of which it is dropped into the receptacle.
The oblong arrangement of brooms, effected by the em-
ployment of the endless chains, contrasts favourably with
a simply circular or revolving broom; for the ends of
the brooms move most rapidly in the act of revolving
on the lower pulley, whilst they are in contact with
the ground, and they move towards the upper end at
a less speed, whilst conveying the soil up jthe incline.
In turning over the upper pulley, the velocity of the
ends of the brooms is again raised to the maximum,
and the mud is at this place stripped from them by
a bar called a ‘doctor.” If for instance, the horse
travels at the rate of 3 miles per hour, the speed of
the brooms, whilst sweeping the ground, is 9 miles per
hour ; whilst passing under the doctor, 6 miles per hour ;
whilst they convey the mud up the incline at 3 miles per
hour. The brooms are raised and lowered by hand,
by means of a coiled spring and chain. The spring
relieves the pressure of the brooms upon the ground,
according to the inequalities. A strong horse is required
to work and to draw the machine.

The area of surface swept daily in Manchester, in 1847,
by one of Whitworth's machines, with one man and
one horse, varied from 14,000 to 20,000 square yards.
The quantity removed amounted to from one to three loads
per acre, according as the surface was dry or wet.* The
cost of working each machine was from 10s. to 15s. per day,
exclusive of all the expenses attending the disposal of
the sweepings, &c. Sweeping continuously, each machine

® «Mechanical Street Cleansing,” Proceedings of the Institution of
Civil Engineers, 1847 ; vol, vi. p. 431,
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would cleanse, in a day, a strip of roadway 30 inches wide,
and 20 miles long, making an area of 29,334 square yards.
As a fact, more than 30,000 square yards have been swept
in a day. But, a third, at least, of the whole time that
the machine is at work, is consumed in conveying it to
and from the place of deposit, and unloading. During the
second half of the year 1843, each machine swept an
average of 18,189 square yards per day, in Manchester.
Against this performance it appears, from official returns,
that in the years 1840—42, each able-bodied man em-
ployed swept, on an average, 1,190 square yards per day,
and each pauper swept about 600 square yards. From
these data, it appears that the effective work of one
machine equalled the work of 17 able-bodied sweepers.
The comparative costs may be placed as follows :—

Sweeping by hand :—
Seventeen sweepers at 2s. per day.  34s.
Cart, horse, and driver . . . 8s. 42s. per day.
Sweeping by machine, say . . . — 13s. ,,
Difference, saving by machine . . 29s. ,,

showing that the cost by machine was less than one-third
the cost of manual labour.

In Salford, the results of comparative trials of sweeping
by hand and by machine, showed that the cost of cleansing
was—

e S Vo

Byhand . . £674 8s. 8d. sweecping 15,904 . 10-18d.

By one machine . £195 9s. 6d. ” 14,166 . 3:31

In Birmingham, according to Mr. Pigott Smith, the
-extent of surface of urban carriage-way, swept by eight
machines, was 254,000 square yards. The whole of this
area was macadamised, and was kept well cleansed by the
eight machines. The area of surface averaged about 32,000
square yards for one machine, which would have been

N3
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traversed three times a week, allowing a traverse of
16,000 square yards per day. ‘I keep the brooms,” says
Mr. Smith, “suitable for the weather: if very wet, I use
new brooms; if dry and sticky, I use those that have been
worn down ; if very sticky, I send out water-carts before
the machines, and the effect is excellent. I endeavour to
do all the sweeping between the hours of two and eight in
the morning.” In 1846, 8,339,760 loads of water were
laid on the streets, at a cost of £1,788 :—partly to prevent
dust, partly to facilitate the cleansing. 'When the sweep-
ing-machines were charged, they were drawn to the gully-
grates, into which the fluid portion of the material swept
up was allowed to drain off, whilst the grit remaining at
the bottom was used as binding.

Mr. Pigott Smith, referring to his experience of the
roads in Birmingham, communicates some important data
on the reduction of waste, and the saving of material for
the repair of roads which are efficiently cleansed.* ¢ Long
experience has demonstrated that by the use of the sweeping
machines, with the proper employment of water, a saving
of full one-third of the material required for the repair of
the roads has been effected in ome particular district in
the Borough of Birmingham. The following,” he con-
tinues, ‘‘is the result of an experiment to ascertain
whether useful grit was or was not removed by water
with machine-sweeping. On the 22nd of March, 1849, the
Quadrant, Regent Street, London, was covered with a
thick layer of adhesive mud, which was causing great
annoyance, as well as considerable injury to the road, but
could not be taken up by scraping, without removing also
much of the new stone to which it adhered. It was deter-
mined to sweep one half of it whilst dry, and the other
half after proper watering. This was done, and the

# « Macadamised Roads,” in the Proceedings of the Institution of
Civil Engineers, 1853-64 ; vol, xiii. page 226,
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sweepings were washed, to separate the refuse from the
strong matter mixed with it. It was found that one-third
of that which was taken up dry, consisted of coarse grit,
which would have been useful on the road; whilst one-
twelfth part only of that which was removed in the form
of liquid mud was stony matter, and it was so completely
pulverised, as to be of scarcely any use. After the two
portions of the road had been cleansed, the difference
between them was very striking : that which was swept
whilst dry was still covered with adhesive mud, which,
together with the stones to which it adhered, was lifted by
the wheels, the whole road being rough and uneven,
whilst the portion which had been swept after watering
was smooth and even. On the 24th, both portions were
again swept, but only one quarter as much dirt was taken
from that which had been water-swept as from that which,
being in a sticky condition, had been swept without the
addition of water. On the 26th, rain fell, and three times
as much slop was taken off the part of the road which
had not been swept on the 22nd. The preservative effect
of water-sweeping by mechanical means, was demonstrated
by the decidedly better condition of that portion of the
road so cleansed.”

The detritus of the material of a granite pavement con-
stitutes but a very small proportion of the total quantity
of mud-forming dust. Colonel Haywood exemplified this
proportion in an interesting manner, taking the instance of
the granite pavement of London Bridge,—3-inch Aberdeen
granite sets,—which was removed in 1851, after having
been down nine years. The average loss of granite over an
area of 3,950 square yards, he estimated, was equal to
2 inches of vertical wear. The total volume of granite
worn away was, therefore, about 2194 cubic yards, assum-
ing that the surface was a continuous mass of granite,
though there was of course a considerable superficial area
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of joints. Assuming that the granite worn off was re-
duced to the state of fine powder, it was increased in bulk
probably one half, and its volume had been (219% X 1} =)
3294 cubic yards. Adding 5 per cent. for the loss upon
stones removed and replaced from time to time, the total
quantity worn off and reduced to powder, and carried
away, mixed with the dust of the street, and mud, would
only have amounted to 845'7 cubic yards for nine years,
equivalent to a wear of *105 cubic yard—about a tenth
of a cubic yard—per day. Whereas, the quantity of dust
removed, daily, in dry, calm weather, was from 3 to 3}
cubic yards,—over thirty times as much as the granite
detritus. So much for horse-droppings and shoe-leather,
which must have constituted 29-30ths of the total accu-
mulation,—independent of the contributions of house-
refuse, in the inhabited streets.

Seeing that, according to the results of these observa-
tions, the granitic element of the refuse constituted little
more than 3 per cent. of the whole, the evidence of the
exceedingly greater wear of a macadam surface is strik-
ingly exhibited in the contrast of the comparative costs
for cleansing and watering the two kinds of surface. Mr.
Royle states that, in the spring of 1870, there were laid in
Chester Street, Manchester, 10,000 square yards of granite
pavement, and an area of equal extent of macadam. The
condition of each surface was maintained uniform through-
out the period of trial, by sweeping and watering, for
which the respective costs were 91d. per square yard, and
6s. 24d. per square yard,—in the ratio of 1 to 7. The
average costs throughout the year, ranged in the ratio of
1to 5. The great bulk of the excess for macadam, com-
pared with pavement, must have been due to the vastly
augmented wear of granite, since the dust and mud from
other sources must have been the same—as a constant
quantity—for both pavements.
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In Reading,* which has about 23 miles of macadam
roads, 17 miles are watered twice a day; for which pur-
pose 11 watering-carts and barrels, and 4 hand-watering
machines, have been employed. One cart waters a length
of 5,962 lineal yards, having an area of 23,849 square
yards, twice a day, at a cost of 8s. for horse, cart, and
man, and 1s. 5d. for maintenance of cart, and harness,
and shoeing ; total, 9s. 5¢. per day. With one hand-
machine, 23,740 square yards are watered twice daily,
at a cost of 2s. 10d. each for two men, and 7d. for main-
tenance ; making a total daily cost of 6s. 3d.

Area watered Cost Water delivered

twice daily. per day.  per square yd.

One water-cart . 23,849 square yards  9s. 5d. 0°51 gallons
One hand-machine 23,740 ’ 6s. 3d. 1-30

”

Watering the Streets of the City of London with Jet and
Ifose.—In 1867, and 1872, experiments were made in
washing the carriage-ways of Cheapside and the Poultry
when laid with granite pavement, and afterwards with
asphalte pavement. The asphalte pavement of Old and
New Broad Streets was likewise washed experimentally.

Hydrants were erected in Cheapside, at distances of
133 feet apart, and in Broad Streets at 140 feet apart.
Six men were employed at each washing of Cheapside
in the first trial, and 10 men in the second trial; for
which two jets of water were used during the time of
the first trial. The work of the 10 men in the second
trial was thus distributed : —four in playing the jets,
two in moving the hose from place to place, and four
with brooms in sweeping the surface of the asphalte,
and keeping the channels free from straw and larger
refuse. These men also used ‘‘squeegees’ (india-rubber
sweeps) to dry the surface of the asphalte. Of the six

¢ Mr, Ellice-Clark’s Report, pages 25, 26,
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men employed on the granite pavement, four played the
jets, and two moved the hose, and plied the brooms.

TaBLe No. 42.—WasHING CARRIAGE-WAY PAVEMENTS WITH
JET AND Hosk.

Results of Experiments in the City of London.

1867. ' 1872.
Granite Asphalte pavement.
ParTICULARS. pav t.
Cheapside, || ¢y, de, Broad
& s Streets.
Length . . . fect 2,000 2,000 1,436
Arca of pav cment washed
square yards 9,792 10,353 3,671
Time washing 2h.19m. || 2h.4m. | 1h.3m.
Area washed per hour
square yards 4,220 5,000 3,600
‘Water consumed . gallons 19,500 19,726 9,786
Do. do. per square
yard . gallons 1-99 1-90 2:66
Cost, for labour 9s. 103d. 9s. | 4s.103d.
Cost for water, at 6d per l 000
gallons 9s. 9d. 9s.10}d. | 4s.9d.
Cost for labour and water, one
day’s washing . 19s. 73d. | 18s. 103d. | 9s. 73d.
Cost for labour and water, per
squar . pence 0241 0218 0316
Cost for labour and water, per
square yard, per year; pence 7°610 6-823 9-859
Add for supervision, preparing
apparatus, wear and tear,
&c., 20 per cent. . . . 1-500 1-377 1-972
Total cost . .| 9010 8200 | 11-831

The granite pavement was more thoroughly cleansed
by hose than in the ordinary way, by scavengers. The
cost of washing asphalte was only 8 or 4 per cent. less
than that for granite.

Mr. T. Lovick’s Experiments in Washing the Streets of
ZLondon.~In evidence before the General Board of Health,
in 1860, Mr. Lovick stated that in surface-cleansing by

. & jet and hose, illustrated in Figs. 57 and 58, the quantity
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of water consumed was at the rate of rather less than
1 gallon per square yard of surface of carriage-way,
working at ¢ extremely low pressures.”” He mentions
experiments made by Mr. Lee, at Sheffield, with “very
high pressures,” in which Mr. Lee effected the cleans-
ing with a consumption of less than a third of a gallon
per square yard. Mr. Lovick estimated that the foot-
paths could be cleansed with a consumption of half a

Fig. 57.—Cleansing the Surfaces of Streets.

gallon of water per square yard. He adds that the
daily cleansing could be effected at a cost of 3d. per
house per week, exclusive of the cost for water; for
which he allowed 28 square yards of carriage-way and
16 square yards of footway, per house. At this rate,
the first item of cost per square yard of surface would
amount to 34d. per square yard per year. For water,
the cost at 6d. per 1,000 gallons, would be 13d. per
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square yard per year. The total cost would be 5d. per
square yard per year.

Mr. Lovick, at the same time, estimated that the cost
of cleansing by ordinary scavenging was nearly double

Fig. 63.—Cleansing close Courts and Alleys.

the cost by jet and hose, whilst the jet had been shown
to be much more efficacious in removing evaporating
matter and filth.*

* He was able “not only to cleanse the pavements by this means,
but also to cleanse the walls from urine stains and other filth.”




CLEANSING OF PAVEMENTS. 281

It has been found, as the result of special observa-
tions, that,—
For 4 loads of mud or slop removed from a macadam
surface,
1 load is removed from a granite pavement ; and
% load is removed from a wood pavement.

Cleansing in Paris.—In Paris, since 1855, many attempts

have been made to substitute sweeping machines for
hand labour. But the inconvenience attending their
use—the need for a depdt to hold them when not in
use, the need for horses to work them, and the diffi-
culties of continuously employing them in frequented
thoroughfares,—have hitherto prevented their being gene-
rally employed. One of these machines, constructed by
M. Tailfer, which worked very well, performed the
work of 8 or 10 sweepers. It is fitted with a revolving
brush, 5 feet 8 inches long, placed obliquely, and sweep-
ing a breadth of 5 feet at one passage.
i In some comparative trials which were made, one man,
with a good brush, swept 720 square yards of macadam
per hour, dry, lightly watered, without heaping the mud;
480 square yards covered with liquid mud; 360 square
yards covered with thick mud. On a paved street, he
swept from 600 to 820 square yards per hour.

M. Tailfer’s machine performed the work of 7 men in
the first case just recorded, 10 men in the second case, and
12 men in the third case ; but, in the third case, the work
was not perfect. Taking all charges into the account, it
appeared that the work done by the machine cost about
the same as the work done by hand, but it was done
much more expeditiously.



CHAPTER XXI.
MOUNTAIN-ROADS.

Tue first thing to be observed by the engineer in lay-
ing out a mountain-road, is that he should personally
examine every possible route before deciding upon the
line to be followed. An old-established line of traffic
should not be hastily abandoned for one that presents
greater engineering facilities, and apparently equal com-
mercial advantages. Major James Browne* mentions an
instance where, in one district of the Punjab, a new
road was made from the hills to the plains, which, it was
thought, would at once draw away all traffic from the
old, circuitous, and greatly more difficult line. Never-
theless, the old road is used, and the new one is not
used, for the simple reason that, whereas both lines are
thickly wooded, the trees on the new line are acacias and
thorn bushes, whilst those on the old line provide excellent
forage for the beasts of burden, for five days’ march.
Major Browne adds, that the natives of India have
generally had good economical and local reasons for the
selection of their old lines of traffic.

The broad principle most generally applicable in the
selection of mountain-roads, is, according to Major Browne,
—The best line for a mountain-road is that on which
the total sum of the ascents and of the descents between

* «On the Tracing and Construction of Roads in Mountainous

Tropical Countries.”—Proceedings of the Institution of Civil Engincers,
1873-4; vol. xxxviii, page 67.
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the extreme points, is the least.” At elevations exceed-
ing 8,000 fect, attontion is to be given to the action of
snow in winter; for want of such consideration, roads,
otherwise well laid out, are rendered impassable, for
many weeks, by avalanches. In the Himalayas, the
northern slopes are thickly wooded, where the southern
slopes are bare. The wooded side should be selected ;
for the trees break the force of the rain as it falls, and
the road is better protected than it would be on the
bare hillside. Where the road-trace crosses a deep
chasm formed by a river, the approaches should be laid
down stream, to have the benefit of the slope of the

Fig. 59.—Road-Trace approaching a deep Chasm.

river bed. Major Browne illustrates this proposition,—
by drawing the horizontal line, r m, Fig. 59, through
the point E, where the road is to cross the sloping bed
of the river, A B, parallel to the bank, ¢ b, of the vertical
height EM. Draw EF and Ea through E, making equal
angles with the horizontal line. The down-stream traco
clears the bank in tho distance E ¥, which is shorter than
the up-stream traceea. The distinction, though obvious,
is frequently overlooked.

Heavy expenses and difficult drainage are often avoided
by the use of zig-zags in the route. In marking out the
formation-level, cuttings which would exceed 10 or 15
feet in depth should be avoided, if possible. In the stony
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soil of a hilly country, no trustworthy information is to be
had by boring, for rock of the toughest and hardest de-
scription may crop up where least expected. In tracing
a Himalayan cart-road, length is the main thing sought
for, to surmount the immense heights met with. Every
possible foot of rise should be gained, and never lost.

The steepest admissible gradient for an unmetalled
mountain cart-road in India, is usually considered to be
1in 18, or 5-55 in 100. 'Where the trace rises steadily,
the gradient is broken at every 500 or 600 yards by
100 feet or so, of slight counter-slope, not merely to ease
the cattle, but also to break the drainage.

Mr. Dobson, writing from his experience of road-making
in New Zealand,* says that, whilst, in level districts, it is
sometimes worth while to incur considerable cost for the
sake of avoiding inclines steeper than 1 in 30, in hilly
country, a gradient of 1 in 10 may often be considered
a fair working gradient; that a gradient of 1 in 9 is a
limit which should not be exceeded for a cart-road, and
that it is seldom worth while to increase constructive costs
for the sake of attaining gradients flatter than 1 in 22.

In India, the usual width of a mountain cart-road varies
from 18 feet in open ground, to 12 feet along cliffs or in
very difficult places; the maximum gradients vary from
1in 18 to 1 in 25. The metalled road-surface in cutting
along a mountain-side, is usually sloped inwards from the
outside, at the rate of 1 in 18. The metalling consists of
a 9-inch layer of broken granite, kunkur rock (a concre-
tion of carbonate of lime), or coarse slate shingle.

The cost of the construction of a road in India, ex-
clusive of metalling, according to Major Browne, may
vary from £1,500, where the bridging is light and labour
is abundant, to £2,700 per mile, where the excavation is
heavy and the labour is scarce. An addition of £300 per

* «Pioneer Engincering,” page 61.
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mile is to be made for metalling, which would be at the
rate of about 7d. per square yard. A portion of the
Hindustan and Thibet road,—an unmetalled mule-road,—

7 feet in width, with gradients of from
1in 6 to 1 in 4, cost about £500 per mile.
The Grand Trunk road, in India, 837
miles in length, constructed to connect
distant parts of the Bengal Presidency,
has been in use for upward of 25 years. It
is raised at every part, about 18 inches
above the greatest known height of in-
undations. The standard width of the
surface was, in the first instance, 30 feet;
this was afterwards increased to 40 feet,
with side slopes of 4 to 1. The central
portion, 16 feet wide, is metalled with
broken granite, or kunkur, which is laid
8 inches thick, and is rolled or beaten down
to 6 inches, by which means a smooth road
is formed. When reduced by wear to a
thickness of 4 inches, which is generally
done in three years, the surface is picked
over to the depth of half an inch, and a
thickness of 4 or 5 inches of new metal is
laid upon it; and it is again rolled or
rammed, and at the same time well watered,
to bind and consolidate the new material.
It is calculated that the whole depth of
metalling is renewed every six years. The
cost of the road is about £500 per mile,
exclusive of large bridges. The cost of
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Fig. 60.—Roads in India :—First-class Road in Embankment.

laying the metalling is stated as £162 2s. per mile, or
6-22d. per square yard; the cost for repair and main-
tenance of metalling is £23 12s. per mile, or 1:384. per

square yard per year.
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The usual section for a first-class road in India, like
what has just boen described, is shown in embankment,

_,.____.l______ab'.e'_-__. ______ )

e—-r'—-llr——--/s'ro. -----

Fig. 61.—Roads in India :—First-class Road in Heavy Cutting.

in Fig. 60; and in heavy cutting in Fig. 61. Hill roads
are shown in section in Figs. 62, 63, and 64.

Fig. 62.—Roeds in India :—Hill Road.

EA

\na wnn

Fig. 63.—Roads in India :—Hill Road.

The vertical lines of cliffs present the most formidable
obstacles to the formation of a road along their faces. In
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Fig. 65, if A B ¢ be the section of the cliff, and the rock be
sufficiently hard and stiff, a half-tunnel like o E F may be

’ AL
Fig. cé.—Formation of a Road in

Fig. 65.—Formation of a Road in the face
of a Cliff, the face of a Cliff,

blasted out ; but if it be too soft and rotten to admit of this
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being done, the best plan, if the cliff be of any great height,

B F, above the formation level, is to blow out the whole piece
G E F by a large mine at . Mining should not, as a rule,
be employed where there is a chance of the strata being
blown out downwards, according to the dip; for a piece
may be blown out, like the shaded portion, Fig. 66, when
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Fig. 67.—Mode of formation of a Road in the face of a Cliff.
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much time and expense are emtailed in rectifying the

level.

forming & half-tunnel, is shown in Fig. 67.

The general mode of attacking a vertical cliff, and of
The large

blasts, 4, @, a, a, driven 8 feet in depth, at an angle of 45°,
are 7 feet 3 inches apart horizontally, and 5 feet vertically.

" The small holes b, b, &c., 3 feet apart and 3 feet deep,

which are not fired, serve to determine and facilitate
rupture at the proper level. These blasts, when fired,
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generally blow out or loosen a piece like A B ¢ . The
remaining space, B E F, is blown out in the same manner.*

It sometimes happens,” says Mr. Dobson, ¢ that ad-
vantage can be taken of the natural stratification to econo-
mise work in a long side-cutting. This was done by the
Author in the case of a road over Evan’s Pass, at Port
Lyttelton, New Zealand. The descent of the Pass was on
the side of a long volcanic spur, formed by a succession of
lava streams, dipping at an angle of 1 in 12, the lower
part of each lava stream being hard volcanic rock, whilst
the upper portion was soft and easily worked.

““The line was originally set out with a gradient of 1 in
17, which would have entailed a series of cuttings through
the hard rock, and retaining-walls in front of the softer
portions. By altering the gradient, however, to that of
the lava-streams, a solid floor was obtained throughout,
the retaining-walls were dispensed with, and the excava-
tion was made chiefly in soft material. The alteration
effected considerable saving in time and first cost, as well
as in the cost of maintenance.” {

* These particulars are derived from Major Browne's paper, already
referred to.

1 See Mr. Dobson’s work on Pioneer Engineering for valuable infore
mation on the tracing of roads in mountainous districts.



CHAPTER XXII.
RESISTANCE TO TRACTION ON COMMON ROADS.

I~ investigations into the resistance to wheels on com-
mon roads, it is usual to construct a diagram showing a
wheel on a horizontal plane in contact with a stone, over
which it is to be pulled ; and the force required to pull it over
the obstacle is calculated. But this is not the kind of re-
sistance worth investigating, and it certainly has no relation
to the kind of resistance which is usually opposed to the
wheels of vehicles on inferior roads. The resistance is
that of a medium distributed over the submerged por-
tion of the circum-
ference of the
wheel, in advance
of the perpendic-
. ular line drawn
o

+ from the centre of
/ the wheel to the
d €,

plane of the road.

% 3 Let a0b be such a

¢ ///;/ I //g wheel drawn over

Fig. 68.—Rolling Resistance to Traction. the horizontal sur-

face ¢ d e of the road, in the direction o f; and let the
road be of such a consistency that the wheel penetrates
to the depth @ & below the surface, leaving a track
b g behind it. The arc b ¢cis the submerged portion of
the circumference, and it may be assumed to be identical
with the chord of the arc, b ¢. Now, the resistance is dis- -
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tributed over the surface b ¢, and it may be taken as acting
on this surface perpendicularly to the plane of the road, or
vertically and directly opposed to the gross weight con-
eisting of the weight of the wheel and the load upon it.
To simplify the investigation, let it be supposed that the
upper portion of the road is homogeneous, as clay or sand ;
then, the resistance to penetration is nothing at the surface,
and it increases as the depth; and the upward resistance
along the line of submersion 5 ¢, is & maximum at b and
it vanishes at ¢, and the varying intensity of the graduated
pressure may be represented by an isosceles triangle, of
which the centre of gravity %, situated at one-third of its
length, b %, from the base b, is also the centre of resistance,
and therefore also the centre of pressure under the load ;
and the radial line o % is the resultant of the pressure of
the load, measured in force and direction by the vertical o 7,
and the traction force, measured by the horizontal line 4 7,
or ok But the vertical o ¢ may be taken as equal to the
radius o b, and the horizontal % 7 may be taken as one-
third of the semichord of submersion ¢ d; whence the
simple proportion,— ’
Load : tractive force::0b: ¢d
:: radius of wheel : 1 semichord ;

and the resistance to traction is equal to the product of
the load by the third of the semichord, divided by the
radius of the wheel.

But the length of the ‘semichord ¢ & may be more easily
determined by calculation from the measured depth of
submersion d 5. It is equal to the square root of the prc-
duct of the segments into which the diameter @ 5 is divided

by the plane of the road ¢ d ¢, or to 4/ad X d b; and the
whole of the calculation is embraced by the equation,—

Tractive force 0k = § X'VV__—. "Z:xdb. (1)
02



292 RESISTANCE TO TRACTION.

The equation is, no doubt, applicable, with a sufficient
degree of accuracy, for any real needs, for calculating the
resistance of gravel, loose stones, soft earth, or clay.

The work done in compressing the material of the road
is easily indicated diagrammatically, by supposing the

wheel to advance

e’ a through a space
> : equal to the semi-
chord ¢ d, or the
length of submer-
o o sion. Thus, in

Fig. 69, the wheel
a b is supposed to
4 c d! roll forward and

/////7/////////4 7 ~ to th
,/////,,,//;’;,’f///’/:.}(n,‘/ s TR > occupy e po-
i D T e D T

' Fig. 69.—Rolling Resistance to Traction. '

work done in com-

pressing the road is proportioned to the four-sided area

b ¢ ¢ ¥, comprised between the circumferential segments

beand ¥ ¢; and

this area is, by

the properties of

£2 the circle, equal

to the original

rectangular area
bact.

Now, suppose

/ A2 wheel ABaA,

/ Fig. 70, of larger

TR diameter with the

1Y P same grossweight,

to travel over the

Fig. 70.~Rolling Resistance to Traction.”
same surface. It

is obvious that, if it .could \éink to the same depth, & 5, as
that for the smaller wheel, tﬂe\ length of immersion, ¢ ¢,
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would be increased, and the rectangle 4 X d ¢, representing
work, would be greater than that performed by the smaller
wheel in the first example. Such a supposition cannot be
admitted : the depth of immersion & B, for the larger
wheel, must be less than that, d b, for the smaller wheel,
though the length of immersion ¢ ¢, must be greater than
that, @ ¢, for the smaller wheel; but not so much greater
as if the wheel were sunk to the first depth & &.

In fine, larger wheels sink less, but spread more, into
the surface, than smaller'wheels, in such proportion that
the area of the rectangle representing work of submersion
is constant for all sizes of wheels. In this instance, accord-
ingly, the rectangle ¢ & X & ¢ = the rectangled 3 X dc.

It might be thought that, on this principle of the con-
stancy of the work of submersion, in a soft road, the re-
sistance to traction must be the same for all diameters of
wheels. But, as the rectangle of work is spread over a
longer space, @ c, for the larger wheel, than the space, ¢ c,
for the smaller wheel, it follows, on the contrary, that the
resistance or force of traction varies in some proportion
inversely as the diameter, being less as the diameter is
greater. This conclusion accords with experience; but,
though the actual law of variation may not be strictly
deducible in the line of reasoning here traced, it is never-
theless useful to carry the reasoning to its logical conclu-
sion. Let ¢ and A be the diameters respectively of the
smaller and the larger wheels;  and B the depths of im-
mersion ; and ¢ and ¢ the lengths of immersion, or & ¢ and
d o respectively. As already stated, the areas of immer-
sion are equal to each other; or,

be=BC. (2.

Also, the values of ¢ and ¢ are, by the properties of the
circle, expressible by the products v ¢ and v a B, for
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all cases that need occur in practice ; and, by substitution
in the equation (2),

ba/ab = BA/AB; (3)
and, squaring both sides,
ab® = AB (4.)

- Finally, extracting the cube root of each side of this
equation (4), the equation (5) is obtained,

ba=BVA, (5.)
which may be developed into the proportion,—
b:B:: YK : Va; (6.)

showing that the depth of immersion varies as the cube
root of the diameter. But,asbdc =8¢, and b: B:: C: ¢,
then, ’

C:c:: VA {/Z (7.)

showing that the length of immersion is as the cube root
of the diameter. It has already heen seen that the force
of traction is as the length of immersion; therefore,
finally,—

The circumferential or rolling resistance of wheels to traction
on a level road, 1s tnversely proportional to the cube root of the
diameter.

On this principle of resistance, it follows that, to reduce
the rolling resistance of a wheel to one-half, for instance,
the diameter must be enlarged to eight times the primary
diameter.

The deduction of M. Morin, mentioned at page 51, that
the resistance varies simply in the inverse ratio of the
diameter of the wheel,—so that, for example, a wheel of
twice the diameter would only incur half the resistance,—
has been generally accepted. But this deduction is not
supported by the foregoing analysis of forces, and there is
good reason for renouncing it, in the more recent experi-
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ments of M. Dupuit. He placed model wheels or rollers
of various diameters at the summit of an inclined plane,
succeeded by a horizontal plane, on which they rolled down
by the force of gravity and arrived at a state of rest after
having expended the energy acquired in falling through
the height of the plane. From these and other experi~
ments he drew the following deductions:—

On macadamised roads in good condition, and on uni-
form surfaces generally,—

1. The resistance to traction is directly proportional to
the pressure.

2. It is independent of the width of the tyre.

8. It is inversely as the square root of the diameter.

4. It is independent of the speed.

M. Dupuit admits that on paved roads, which give rise
to constant concussion, the resistance increases with the
speed, whilst it is diminished by an enlargement of the
tyre up to'a certain limit.

M. Debauve* submits the following data for resistance
of vehicles on common roads, in which it may be remarked
that the resistances decrease in chronological order,—
owing, no doubt, as he says, to the progressive improve-
ments in vehicles and in roads. The data are here given
in English measures :—

18t.—On Metalled Roads :

Per cents Per ton.
Count Rumford . . . 77 or 1-13th of the wt.; or 172-5 lbs.
Gordon . . . 62 orl-16th , , , 1391bs.
Coste and Perdonnet . . 29 orl-35th , , 65 1bs.
Navier . . . . 22 orl-46th , , , 4931bs.
2nd.—On Paved Roads :
Rumford . . 66 or 1-18th of the wt.; or 123-21bs.

Navier (walking paco) . 40 orl-25th , , , 896lbs.
Do. (at a trot) . . 71 orl-14th ,, ,, ,, 169:01bs.
Costo and Perdonnet . . 33 orl30th ,, ,, , 7391Ibs.

* Manuel de U Ingénieur des Ponts et Chaussées, 9m¢ Fascicule ; page 31.
-
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Tasre No. 43.—ResisTance To Traction ox Common Roaps.
(M. Debauve.)

i Draft, in pounds ton
! of the weighft

Diameter Width

Vehicles.” f th of the i .
'01 l° i UPl!?.r.Ti Paved road.
at n.m:lk, -
| or af
| | & trot. .atuwn.lk. at a trot.
| : |
| feet. inches. | inches. | » ds. ' pounds. | pound
Cart . .| 6 O 2 72 47 63
6 1 3 69 46 —
Tumbril. 6 2 44 || 67 39 —
6 3 56 67 37 —
‘Waggon 6 6 6 65 40 —
Cabriolet 4 10} 2 81 64 76
. 4 11 2 81 67 83
Jaunting-car { 2 10 2 81 67 83
4 11 5.2 65 36 45
Stage-coach { 3 13 | 52 65 36 45

M. Debauve makes the general deductions from this
table, that the advantage of the pavement over the metalled
road is considerable for waggons, is less for stage-coaches,
and is nearly nothing for voifures de luze, or the cabriolet
and the jaunting-car. The effect of the tabulated values
is, in summary, as follows :—

RESISTANCE,TO TRACTION

VEHICLES. On metalled roads. On pavements.
‘Waggon . . 671b. per ton 381b. per ton.
Stage-coach . . . 671b. 451b.
Cabriolet . . . 81lb. 76 to 831b. ,,

M. Tresca tested the resistance of an omnibus on Loubat’s
system, adapted with wheels for running on a common
road. The experiments were made on an inclined street
in Paris, in good condition, having ascending gradients of
1 in 55, one part of which was paved, and another part
was macadamised. The_frictional resistance, after the
gravitation on the incline was eliminated, was as follows :—
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Frictional
SURFACE. Gross weight. Speed. resistance.
Tons,  Miles per hour, Lbs. per ton.
Macadam . . . 6§67 107 83
Pavement . . 567 10-1 66

The resistance to traction, of agricultural carts and
waggons, was tested at Bedford in July, 1874, by means
of a new horse-dynamometer designed by Messrs. Eastons
and Anderson.* The first course was a piece of hard road
rising 1 in 430; it was dry and in fair condition, largely
made of gravel. The surface was, in many places, some-
what loose. The second course was along an arable field,
growing oats, on & rising gradient of 1 in 1,000; it was
very dry, and was harder than in average condition. The
fore wheels of the waggons averaged 3 feet 3 inches, and
the hind wheels 4 feet 9 inches in diameter; the width of
the tyres was from 24 to 4 inches. The weight, empty,
averaged about a ton, and it was nearly equally divided
between the fore and hind wheels. The cart wheels wers,
say, 4 feet 6 inches high, with tyres 34 and 4 inches wide.
The weight of the empty carts averaged 10 cwt. The loads
were from 2 to 4 tons in a waggon, and 1 ton in a cart.
The following results are deduced from the given data;
the speeds averaging 24 miles per hour : }—

|| Draft on road.; Draft on field.
| .
! Reduced Reduced
VemroLE. Total. [toalevel.|| Total. |to alevel.
Per ton, Per ton,
gross. gross,

Py

Pounds. | Pounds. || Pounds. | Pounds.
159 435 ) 700 210

Pair-horse waggon without

springs
2 palr-horse wa.ggons ‘with-

out springs . 261 44.5 997 194
Pair-horse ~ waggon " with

springs 133 | 347 710 210

1-horse cart, mthont sprmgs 49-4 28 212 140

# See a report of the trials in Engincering, July 10, 1874, page 23.
+ See Manual of Rules, Tables, and Data for Mechanical Engineers,
1877, page 962.
03
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The results of Sir John Macneil’s experiments on the
tractive force required to draw a waggon on various kinds
of road has already been given, page 52. He made
other experiments on the traction of a stage-coach on a
section of the Holyhead Road. The weight of the coach
empty was 18 cwt. ; and the weight of seven passengers
in addition, allowing 1} cwt. for each passenger, was
10} cwt.; total weight, 28% cwt. The first part of the
following table has been arranged for various gradients
and various speeds, from the statement calculated by the
experimenter. The second part of the table is added to
show the net frictional resistance after the elimination of
the resistance of gravity :—

TasLe No. 44.—Tractive ForcE REQUIRED To DRaW A STAGE-
coAcH ;:—GRross WEIGHT 142 Toxs.

Total tractive force required. I Net fﬂct;z:mt.}):?dstmoe
GRADIENT. '

Speed in miles per hour. Speed in miles per hour.

6 | 8 | 10 6 8 | 10
1bs. 1bs. 1bs. 1bs. 1bs. 1be.

lin 20 . 268 296 318 76 96 112
lin 26 . 213 219 225 63 68 72
lin 30 . 166 196 200 41 63 66
1in 40 . 160 166 172 56 61 65
1in 600 . 111 120 128 72 78 81
Averages .'| — — — 62 879

The net frictional resistances at equal speeds, vary very
much for different gradients, by some unexplained cause.
They are a maximum for the steepest gradient, and a
minimum for gradients of 1 in 30 and 1 in 40 ; for these
they are less than for 1 in 600, which is nearly a level.
The mode of action of the horses upon the carriage may
have been an influential element. The averages show:—

~
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For A Srace CoacH:—
At 6 miles per hour, 62 lbs. per ton frictional resistance.
At 8, ,  731bs. " "
At 10 s ”» 79 1bs. » ”
With these may be associated, for the purpose of deducing
a formula, the resistance of a waggon on a good road,
given at page 52, at, say, 24 miles per hour, 44 Ibs. per
ton, frictional resistance. Plotting the resistances per
ton for the above four speeds, the following formula is
deduced :—
Frictional Resistance to Traction of a Stage-coach.
R = 30 4 40 4 A/100:
- R = the frictional resistance to traction per ton.

V = the speed in miles per hour.

Nore.—The formula is applicable for waggons at low speed. This
formula is simpler than the formulas deduced by Sir John Macneil,
page 53, and it is equally approximate and comprehensive.

M. Charié-Marsaines made observations of a general
character on the performance of Flemish horses drawing
loads upon the paved and the macadamised roads in the
north of France, where the country is flat, and the loads
are considerable. The results of his observations, pub-
lished by M. Debauve, are here given in English measures,
in Table No. 45.

TasLk No. 45.—PerrorMANCE oF Homrses oN Roaps v Fraxcs.

(M. Charié-Marsaines.)

Work
in || done per | Ratio of paved
Season of | Description | Weight mfp'; hour, in roadg
the year. of road. per horse. hour, ||+ tonsone maoag:‘{msed
drawn T .y
mile.

Tons. Miles. Ton-miles.l

: (| Pavement . || 1-306 2:06 2:677 .
Winter || Macadam . || 851 | '1-91 || 1-625 s 1:644 to 1
Pavement . || 1:395 2:156 3:027 .
Summer{ Macadam . 1-141 2:16 2:464 } 1229 to 1

- [
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The table shows that there is a clear inferiority of per-
formance in summer ; and that the pavement is superior,
even in winter, to the macadam in summer—

Ratio.
Pavement, summer . . 8027 tons drawn one mile, 1-86
»  winter . . 2677 ” 165
Macadam, summer . . 2464 » 1-62
” winter . . 1626 » 1-00

The average daily work of a Flemish horse in the north
of France is, on the same authority, equivalent to 21-82
tons drawn one mile, in winter; and to 27:28 tons drawn
one mile, in summer; giving a mean for the year, of, say,
25 tons drawn one mile. The horses are powerful, and
the roads are easy.

M. Charié-Marsaines observed that the harness lasted
six years, over pavement; and only five years over ma-
cadam. Also, that the waggons lasted 7 years on the
pavement, and 9 years or the macadam : whilst the horses
lasted much less time on the macadam than on the pave-
ment. The greater mortality on the macadam is ascribed
to the inhaling of the fine silicious dust which rises
from it.

It is stated by Mr. D. K. Clark,* that a good horse can
draw a load of 1 ton at 2} miles per hour, for from 10 to 12
hours a day; equivalent to (1 X 2§ X 10 =) 25 ton-miles
per day. This is the same performance as is above given
by M. Charié-Marsaines.

* Manual of Rules, Tables, and Data for Mechanical Engineers, 1877,
page 720,
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APPENDIX 1.
ON ROLLING NEW-MADE ROADS.

By GenerAL Sie Joux F. BurRGOYNE, BART.

[This paper, written in 18&&;@1&1{)&:%:&% :Oll‘i{elie reproduced from the
Tue importance of rolling roads, either newly constructed or when
subjected to extcnsive repairs, seems never to have been duly appre-
ciated.

Lines of any length of new-laid broken stone may be dcemed nearly
impracticable to ordinary traffic; the worst and most hilly old roads
are always taken in preference to the new roads while in that state,
although the latter may be much shorter, and with very improved
levels.

At length the old road is shut up, carriages are forced to take the
new, occasioning the greatest inconvenience and drawback to the in-
tercourse for perhaps a year or more, a great wear and waste of the
material, and a considerable expenditure in watching and maintenance,
until the matexial, or what remains of it, shall be finally consolidated,
and even then in a very imperfect form, unless great pains are taken
with it.

The rolling is, in fact, effected, but in the most distressing” and
expensive manner, and by carriages and horses very ill adapted to it.

These evils may be entirely prevented, the road put at once into -
good working condition, and, certainly, a considerable expense even-
tually saved, by thorough systematic rolling; nor ought any road to
be considered as made until that operation shall be completely effected.

Three reasons have probably opcrated to prevent this pnnclple
havi ing been acknowledged and acted upon.
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1. Because the traffic on the road will, sooner or laters ;10 ﬂ:’

work, thereby apparently reducing, in a small degree, the
the original construction or repair. . i

2. Bt;‘::lse a roller is not mﬁy at hand, and, from ’t; w:l%::
and unmanageable character, it is most inconvenient and © 11:108
sive to be removed from ono placo to another, 80 that 10
cases onc would have to be constructed for the purposc,
bo useless. tin

3. Much unccrtainty, as yet, as to the best manner of operatiné
its efficacy, and the expense.

The first reason is founded completely on error; it is manifest 'ﬂlit
this manner of completing the road by the traffic is most inconvenien
and occasions enormous sacrifices by the parties using tho road, 8%
consequently a great loss to the public in general ; nor can there be &
doubt but that the actual expenditure on the subsequent early masntenancé
of the road itself is greater than would be incurred by at once operating
thoroughly with the roller. .

With regard to the second reason, there are many ways in which
the objection can be greatly alleviated.

Although there is some justice in the third, and that the most per-
feet mode of proceeding is not yet perhaps understood, there is 80
much useful effect to be produced by any, that it is surprising that it
has not been reduced to just principles by experiment, and generally
adopted. :

The practice of rolling has been rare, and almost entirely confined
to gentlemen’s demesnes, and occasionally to the macadamised roaq-
ways in some cities ; but in the latter, it is believed, without the appli-
cation of sufficient means for the purpose. .

There aro certain considerations which may serve as guides to arrive
at just conclusions with regard to this proceeding. ’

1. A roller should not be too heavy in proportion to its bearing
surface, or, instead of binding the material in the position and
form laid down and desired, it will press it more or less into the
substratum ; much of the material will thus become useless, and
it will be very troublesome to obtain the necessary resistance for
the consolidation.

2. Tt must not be too light, or the effect will be too small ever
to gain the object fully; or at any rate without an extent of
operation that would be very costly or inconvenient.

It is believed that the ordinary rollers arc too light, which may
have thrown the practice into disrepute.

For the Dublin streets they have a roller of two contiguous
cylinders, each of 4 feet diameter, ard 1 foot 6 inches in width,
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making in all a bearing of 3 feet; it weighs 2 tons 3 cwt.; only
two horses are attached to it, but the work is exceedingly heavy.
It is applied to successive layers of material, in new formations,
and about an inch of gravel is worked into the upper layer or
surface. It is said to comsolidate the roadway very effectually,
but might probably be improved by adding to its weight.*

From other recorded trials, however, there is reason to belicve,
that a road roller should not be lighter than 28 cwt. for every
12 inches lincal of bearing on the road; that is, if 4 feet wide,
that it should weigh 5 tons 12 cwt. ; if 3 feet, 4 tons 4 cwt., &c.;
and that it should only be applied to the upper surface of all.

A roller somewhat heavier than 28 cwt. per foot would be more
effective, but it is better after that limit to gain the object rather
by adding to the number of times passing over the surface than
incur the inconveniences of the heavier machinery.

This is one very interesting point to prove, namely, the relative
effects of light and heavy rollers, taking into account the number
of turns required by each.

3. For effect, the wider a roller can be, the better, because the
operation will be more quickly performed, and because, in pro-
portion as it is narrow, will there be a tendency to force the
broken stone laterally from under its action; but, as the weight
must be in proportion to its bearing surface, the width must be
limited to a degree that will prevent that weight being too un-
wieldy ; a very narrow roller might also have a tendency to over-
turn. On the other hand, one that is very wide may take up too
much room, if the road is open to traffic during the time of its use.

4. Horses should not be obliged to use very great exertions in
drawing a roller, or the action of their feet will discompose the
loose stones very inconveniently; therefore, as the draught is
very heavy at first, and never very light up to the last of the
operation, they should not have more than from ten to twelve
cwt. cach to draw at first, nor so much as a ton each at last.

5. It would be desirable not to put more than four horses to
such a machine, because, as the number of horses is multiplied,
it becomes more difficult to obtain a perfectly united effort from
them ; but on the above data a roller of four tons maximum weight
might be too small for the best service, and as six horses may per-
haps be applied without muck inconvenience, it is proposed to give
that number as a limit, and to allow 6 tons 12 cwt. as the maximum
weight for the roller; this, at 28 cwt. per foot of bearing, would
give it a width of four feet.

*A short street (Herbert Street), made in 1886, and then well rolled, has never
e%“e ir or new material since, up to 1843; it is a good st.reet, but not
entirely b t on, nor a great thoroughfare.
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From the Continent we have records of several trials that have been
made of late years of the effect of rolling new-laid material on roads;
although there are dmcrepa.ncxes in some of the particulars, there are
many in which all agree; and in all the practice has been strongly
recommended.

The one that scems to be the most practical is a roller described as
first used in the Prussian provinces on the Rhine, and from thence
introduced with some modification into & neighbouring district in
France.

It consists of a cylindor of cast iron of about 4 feot 3} inches wide
and 4 feet 3} inches diameter* On the axle by mcans of iron
stanchions is fixed a large wooden case of 6 feet 4} inches long, 6§ feet
84 inches wide, and 1 foot 8 inches high, open at top.

This roller has a pole before and behind, in order to be able to draw
it in either direction without turning; the hind pole is sometimes used
to assist in guiding it. It has also a drag, by the pressure of a board
on its face, in the manner used for French waggons.

The cylinder and other iron work weighs nearly 2 tons; the case
and woodwork about 19 cwt., making the whole 2 tons 19 cwt.

The case will contain a weight of stone of 2 tons 19 cwt. when com-
pletely loaded; therefore the entire weight can be brought up to
6 tons 18 ewt.

Six strong horses worked it well.

It is passed over the entire surface of the road once or twice without
any loading, weighing consequently nearly three tons, to obtain a first
settlement of the loose material ; then one or two turns with about 1}
tons loading, making 4} tons; and then the last turns, making ten in
all, with the full loading, when it becomes 6 tons 18 cwt.

Traversing 12 miles, it will thus completely roll about 3,000 square
yardsf in one day, or about a quarter of a mile of a road of 21 feet
width.

All accounts agree as to the absolute necessity, and the best manner
of applying some gravel, or other sharp, gritty, very fine stuff on the
surface, during the operation, without which it will not be thoroughly
bound.

The consolidation commences with the lower part, which is the first
to get fixed and arranged; and when, after about six turns over the
whole, the upper layers have become tolerably firm and well bedded,
somo sand or stone-dust, or, what is best of all, sharp gravel, is very
lightly sprinkled over it by degrees at every successive rolling, solely

* These and other dimensions are necessarily in odd numbers, owing to reducing
them from French measures and weights.
+ Some of the calculations are not strictly in aoeordanee with the data, beeause
the data themselves are not given in minute fracti
the reduction of the l‘eﬁlilts show a ?{erence but lt is very small and of no
q inag ideration of t.
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for the purpose of filling up the interstices of the broken stone, and not
to cover it ; about 3 cubic yards in the whole per 100 square yards
(equal to about an inch in thickness if spread over the whole surface)
will be required. It is essential that this small stuff be not applied
earlier, or it will get to the lower strata, and not only be wasted but
injurious; the object is that it should penetrate for two or three inches
only, to help to bind the surface.

Provided the upper interstices are filled, the less gravel used the
better; therefore it is applied by little and little after each of the three
or four last successive passages of the roller, and then only over the
places where there are open joints.

After the work, if well done, is completed, it is stated that such is
the effect, that the upper crust may be raised in cakes of six or seven
square feet at a time, which could never be without the gravel.

The effect may be improved also by having the upper inch or two
of stone finer than the rest, say to pass a ring of 1} inch or 1} inch.

This work should be done in wet weather, or the material will
require to be profusely watered artificially.

It will be better that it should not absolutely rain, unless very lightly,
when the gravel is applied (although the stoning should be wet), as it
will cause it to adhere to the roller, and even at times to bring up the
broken stone with it. In frost it is of no use attempting to roll. The
state of the material, as regards its being wet or dry, will have great
influence in the success of the operation.

The form of the road will be best preserved by rolling from the two
sides towards the middle, and not commencing along the latter.

The calculated expense of the work in France was—

For six horses and two drivers perday .« £1 4 0
For six labourers attending on the road,

assisting at the roller, levelling mequall

ties, spreading gravel, &c. . . . 070

Total for 8,000 squareyards » o £111 0
platiniadig

Being about one penny for eight square yards, or one penny per
running yard of road, twenty-four feet wide, and will amount to about
£7 5s. per mile.

For Ireland, these prices would have to be increased, thus—

Forslxhorses,w:thdnvers,perda . 28170
For six labourers, at 1s. 4. v « + 080

£115 0

—
It is considered that a modification would be desirable in this foreign
roller, by muking it only four feet wide; its weight might then be,
with its box for the additional loading, &c., about 2} tons, which with
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an extra loading of 2 tons 2 cwt. would bring it to 5 tons 12 cwt. for
its extreme weight, at 28 cwt. per foot.

Such a roller passing ten times over every part, and working twelve
miles per day, would require five days, and the operation costs about
£8 15s. per mile of road, of twenty-four feet wide completed.

The gravel ought to be considered as material, but in this case it is
an addition to what would otherwise be applied; the cost therefore
must be added.

Suppose it to amount to one shilling per cube yard, the expense, at
thirty-six square yards per cube yard of gravel will be about £19 bs.
per mile of road of twenty-four feet wide.

This would bring the whole to an amount of £28 per mile.

However perfect the rolling may be, there will be at the end a slight
elasticity and yielding of the surface, which will only become quite
firm and hard after some days’ traffic, say from six to ten when tole-
rably frequented, during which its form and smoothness must be care-
fully attended to; add, therefore, £2 per mile for that extra work, and
the cost will be £30 per mile.

The cxpense of the operation of the roller (independent of the
gravel) is so small, that if the weight is under-estimated, so that the
width of the roller should require to be reduced to three feet, thus
adding onc-fourth to that part of the outlay, or that it would require
to be passed a greater number of times more than calculated, that
increase would not be of essential importance on the gross amount.

If artificial watering should be necessary, that expense also must be
added, but it would be small.

The subsequent wear of material, under proper care, will be most
trifling ; one French engineer statcs, that where the rolling in this
manner has been successfully performed, there has never becn a
necessity for applying above one cubic yard of broken stone per 300
square yards of road in the next year; that in one instance only one
cubic yard per 1,500 square yards was used, although on a road subject
to the passage of 400 horses in draft per day; and on another road no
fresh stone was laid for three years.

To make a more direct comparison, however, of expense, it may be
assumed that a much greater diminution of thickness will take place in
the consolidation by the traffic than if effected at once by the rolling,
because the narrow wheels of ordinary carriages penetrate into the
loose matter, and force the lower part of it partially into the subsoil.
The displacement and grinding and crushing is also very great;
whereas, in rolling, the entiro is preserved and in its proper place ; it
may therefore not be too much to estimate, that if it require ten inches
of loose material to bind into six inches by the ordinary process, as it
probably would, eight inches well rolled would give the same ; if so,
the saving at once would be very . great; thus, suppose the covering of
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one inch of stone to cost as much as two inches of gravel, that is, if the
gravel is valued as above, at 1s. per cubic yard, that the stone be
valued at 2s., then we have four times the cost of the gravel, which
was stated to be £20 per mile, or £80, to set against the £30, estimated
expense of rolling.

If the rolling effected a saving of only one inch of the broken stone,
still the cost of that one inch would exceed that of the rolling, including
the gravel.

This last calculation is given only as a proof of the saving, and not
as fecommending the reduction of the mass of material laid down to a
minimum; on the contrary, as the rolling of the surface is a final
measure, and requires no renewal until the road is worn to a minimum
thickness, the most economical plan probably would be to apply a con-
siderable degree of substance at once, enough to last some years, so as
to reduce the number of periods when rolling would be necessary.

A roller, on what is here assumed to be the best comstruction,
namely; of 4 feet bearing in one cylinder, and weighing 2} tons, would
not be very convenient to move from place to place for any consider-
able distances ; an idea was therefore suggested of constructing one as
a cart, on two wheels, the tires of which might be of 9, or 12, or 18
inches in width. Such a machine would weigh from one to two tons.
The axle might be bent, and under the body, or might be straight,
and pass through it, so that the loading of two or three tons might lie
very low. The distance between the wheels should be a certain number
of times the width of the tires; namely, if the latter are 9 inches, the
distance asunder might be 3 feet, or 3 feet 9 inches; if 12 inches, they
might be 3 or 4 feet; and if 18 inches, 3 feet.

Such a roller might be very convenient in many respects, but would
be subject to two objections :

1st, The tendency to force the material laterally from under its
pressure, by the little width of each roller.

2nd, The impossibility by successive passages of giving every
part of the road precisely the same amount of rolling; some
parts must have more turns than others.

In some few situations the very formation of the road may be made
subservient to its rolling.

In the construction of a new road over the Carey mountain, in the
County of Antrim, material for stoning the road was quarried in several
parts of the mountain up to its summit.

Some carts were made with wheels of four-inch tires, and the
laying of tho broken stone being commenced close to the quarry, the
work was carried on from each quarry down hill, the loaded carts
being taken over the new-laid material, working systematically over
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the cntire width of the road, and discharged below, rcturning up the
hill light. By the time the work was completed the road had acquired
in this way a considerable degree of consolidation without extra labour.

A roller of the weight of five or six tons may be worked up inclines
of one in twenty by increasing the number of horses, but not stecper ;
if at all excceding ome in thirty it would probably be better to apply
the roller in its lightest state, and increase the number of passages.

It is very desirable to complete rapidly what is once begun, but it is
attended with the disadvantage of taking up short lengths at a time,
which leads to the occasion for turning the roller very frequently, a
manceuvre that is particularly inconvenient.

Although certain dimensions and weights are suggested to be likely
to prove the most efficient, any other kinds that happen to be in pos-
session might be tried and adapted to the above principles, which will
usually require weight to be added with the successive rollings; this
may be done in various ways according to circumstances and situa-
tions; the most simple, but most cumbrous and troublesome of appli-
cation, will be a large case on the roller for loading with stone.

In or near towns, iron weights might be used instead of stone, partly
on or suspended to the axle, within the cylinder, or in a case outside,
which might be then much smaller, and the weight be more compact
and more easily shifted ; or for use 1N a town, when the most efficient
dimensions and weights were ascertained, rollers might be prepared of
two or three qualities, that is, all of the same extent of bearing, but of
cylinders of different weights, from the lightest to the heaviest, and
brought in succession on to the work.




APPENDICES. 309

APPENDIX II.

ExTrACTS FROM ‘‘REPORT ON THE EconoMy oF Roap-
MAINTENANCE AND HoORSE-DRAFT THROUGH STEAM
Roap-RoLriNg, WITH SPECIAL REFERENCE TO THE
MEeTROPOLIS.”’

(Printed by Order of the Metropolitan Board of Works.)
By Freperick A. Pager, C.E. 1870.

THE SPECIAL SUITABLENESS OF ROAD-ROLLING TO A
MOIST CLIMATE.

There is a point much in favour of an cxtended use of road-rolling
in London and England generally; making it probable that there
is no other country in the world from which such good effects are
to be expected from steam road-rolling. The climate of England, from
its humidity—and the best judges, Macadam amongst others, consider
the presence of moisture as extremely favourable to road-making—
and its freedom from either long frosts or long droughts, is peculiarly
favourable to the employment of rolling. In France and Prussia the
rollers are used by preference in rainy weather, in order to save water-
ing, as wet is essential for consolidating the metal. From want of
experience in road-rolling some English surveyors object to the appli-
cation of sand, which it is necessary to use—of course in not too large
quantities—with rolling, in order to prevent the crushing of the metal.
Upon the Holyhead roads, consolidated in the ordinary way, Telford
always applied clean gravel to the new metal ; and this is now done in
France, Prussia, and on all roads where road-rolling is understood and
practised. The binding of rolled roads in Prussia by means of the
sand, is so strong that united blocks 18 inches wide can often be
removed.

According to the official Hanoverian  special instructions ”’ on road-
rolling, when rolling the covering of the road, the binding or sand is
only to be applied by the time that about two-thirds of the operation
is completed. The amount of sand must be only about one-sixth of
that of the metalling. The watering should be very carefully carried
out, so that the bottoming be softened as little as possible.

THE APPLICATION OF THE STEAM ROLLER TO THE
FORMATION OF THE FOUNDATIONS OF NEW ROADS,

France.—Except with very heavy traffic, or with a very soft sub-
stratum of the road, the Ingénicurs dess Ponts ¢¢ Chaussées do not use
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paved, and very seldom concrete, foundations or bottoming. They
compress the bottom by rolling ; and then roll down upon it successive
layers of road material about four inches thick.

Germany.—When rolling road bottomings, the German engineers
do not take the roller over the sides, but rather lightly compress the
crown of the road foundation. According to the official Hanoverian
« gpecial instructions” about rolling the bottomings of roads, this must
be done with a light roller, and must not be carried out till the bottom
is quite hard. No water must be used, and the operation should be
carried out in dry weather, especially with a clayey soil.

Liverpool.—The thirty-ton steam road-roller, by Mesars. Aveling
and Porter, was set to work in Liverpool in October, 1867. As we
have already remarked, Mr. James Newlands, the borough engineer of
Liverpool, has not yet been able, in so short a time for such a pur-
pose, to determine the actual saving in maintenance effected by it.
He writes us, however, that ¢ besides its advantage in making a
newly-coated macadam road perfectly smooth in a single night, it is
of no less utility in forming the foundations of new roads. Formerly
the traffic had to be turned on these foundations to consolidate and
render them fit to receive the protective coatings of paving or macadam
respectively—a work which took from three to six months, according
to the locality. Now, when the foundation is laid, it can be rendered
fit for paving and macadam in a day or two.” There are upwards of
forty miles of macadamised roads in the borough of Liverpool.

SUBSIDIARY APPLICATIONS OF THE STEAM ROAD-
ROLLER.

Gravel Roads.—As regards the application of the steam-roller to
gravel roads, of which areas still greater than those of granite and
flint roads are in existence, but little has yet been done except in
parks in this direction, and certainly nothing has yet been published
as to the economical results. Macadam wrote, some fifty years ago,
¢ TIn the neighbourhood of London, the roads are formed of gravel,”
“the component parts” of which “are round, and want the angular
points of contact, by which broken stone unites, and forms a solid
body;” and large areas are still laid down on the outskirts of the
metropolis. The only surveyor who has spoken from experience as to
the economical value of rolling gravel roads is Mr. Howell, of St.
James's. But, as has been well observed to us by Messrs. Amies and
Barford, “If a garden-roller is useful in a degree, surely a much
heavier one must be still more efficient for light vehicle traffic.”

Paved Streets.—In Paris, successful, but partial, experiments have
heen made with the steam road-roller as a substitute for the paviour's
rammer,

~
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Heavy rollers are very extensively applied in Hanover to pave.
ments; and the official Hanoverian instructions for keeping up the
roads contain several directions as to the time and way in which the
roller is to be applied. Experience has shown that the rollers should
be as heavy as possible; that they should be applied to any uneven-
ness of considerable area; that pavements are best rolled after the
breaking up of frost; and that the surfaces should first be swept, and
then the rolling be continued until the stones no more give way. Herr
von Kaven, in his ¢ Lectures on the Engineering Sciences,” gives elabo.
rato figures, based on some experiments conducted in Hanover in 1863,
showing the economy of this method of laying down and keeping
pavement in repair.

It is clear that rolling must also be peculiarly applicable to the
construction of foundations for paving setts.

Picking up Roads by Steam.—The steam road-roller, though still a
comparatively new implement, has thus already made itself useful in
a variety of ways,and has adapted itself to several important functions
in road-making and repairing, besides that of rolling only. With
respect to picking up, or “lifting” the macadam of old roads, before
laying down a fresh coating of metal, there can be no doubt that a
great economy of manual labour can be effected in this direction. Mr.
Aveling’s apparatus for “lifting”” roads simply consists of a series of
spikes bolted on plates let into holes in the periphery of the roller. A
machine on this principle, the invention of Mr. Browse, the general
surveyor of the Metropolis Roads Office, has long been used by Mossrs,
Mowlem, Burt, and Freeman, for picking up roads in the metropolis.
It simply consists of a heavily-laden cart, having its wheels armed
with spikes. At Manchester, one of Aveling and Porter's engines
picked up an area of 2,048 square yards in three hours forty minutes;
and the cross-picking was afterwards done by hand labour, only equal
to that of one man working sixty hours.

This application of steam will no doubt lead to very great economies
on many country and other roads that have been long wastefully
managed. What Macadam wrote still applies in many cases. ¢ Gene-
rally the roads of the kingdom contain a supply of material sufficient
for their use for several years, if they were properly lifted and applied”’
—with the difference in favour of the present time that much of this
metal has been previously broken. On any soft, ill-drained founda-
tion, successive supplies are often driven in by the superincumbent
traffic, the intermediate mud working its way up. Some road sur-
veyors consider that many old roads, on which there is often as much
as two feet of metal, might be mended by the steam-roller without
using any new metalling. They could be picked up and then stcam-
rolled, with an excellent new surface as a result.

Breaking and Conveying Metalliing.—1It is obvious that the steam
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road-roller could be easily applied, not merely to driving stone-
breaking machines, but also conveying the metalling to the spots
whero required.

SUBSIDIARY ADVANTAGES OF THE STEAM ROAD-
ROLLER.

Saving in Sweeping and Scavengering.—In all these instances, it is
quite clear that any saving in road metal must be accompanied, as in-
tho case of the substitution of pavement for macadam, though, of
course, to a slighter extent, by a proportionate saving in the expenses
of scavengering and removal of detritus.

Diminution in Paved Areas.—It is also clear that its well-considered
and properly carried-out adoption in our large towns must tend, as in
Paris, to narrow the encroachments of the uncomfortable, if cheap,
paving stones. The main advantage, in cortain situations, of pave-
ments is in the diminution of cost of maintenance. At speeds higher
than at a walk, General Morin’s experiments prove that the resistance
to draught on pavements increases, which is not the case with a well.
metalled road in a dry state.

RESUME OF THE MAIN ADVANTAGES OF STEAM
ROAD-ROLLING.

Briefly, the three principal advantages obtained by steam road-
rolling over horse-rolling are, as observed in the French Official Report
on the Exhibits at the late Paris Exhibition, when alluding to the
Ballaison steam-roller, worked in Paris by Gellerat and Co., “saving
of expense, saving in time from rapidity of execution, and a better
quality of work.” All that has been said with respect to the great
diminution in draught by horse-rolling applies with much greater
force to rolling by steam. But even if steam-rolled roads cost more
instead of at least fifty per cent. less in maintenance than traffic-rolled
roads, there would be good reasons for adopting steam-rolling, as the
public is well served under the first circumstance, and very badly
served under the second; so that, even if the expenses were greater,
there would be a balance of advantage and expense. As a corre-
spondent, “H. R.,” in 1868, observed in a letter to the Times: “When
one considers the injury done to carriages and horses, and the delays
caused by the practice of leaving the stones to be ground in by the
carriage-wheels, one feels that even if rolling in the stones would be
more costly to the parishes, the pecuniary gain to the public would be
very considerable.”” In the words of Mr. Robert Mallet, the well-known
engineer and author, writing in 1868,  there is still room for very great
improvement in the laying and repairs of the macadamised streets and
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roads of the metropolis, although the practice has of late years in some
respects improved. The admirable practice of Paris, where, with far
worse material than is at our command, the results obtained are so
much better, should be #n part our school and example.

“We have tardily adopted from thence the steam road-roller ; let its
use be extended, and let us also adopt the admirable methods of
cleansing, watcring, and repairing of the French.” The question is,
as Mr. Tomkins, the surveyor of the roads in the district of St. George’s
Hanover Square, very neatly defines it, whether the roads shall be
consolidated ¢ by the traffic or for the traffic.”

ECONOMICAL RESULTS OF THE GENERAL USE OF
STEAM ROAD-ROLLING IN THE METROPOLIS.

Remarks on the Table.—The annexed tablc* is almost sufficiently
explanatory of itself. It has been made as complete as has been
possible; and when we state that, without counting the Parliamentary
Returns, not fewer than forty-four different authorities have been
applied to for returns, and that probably each different authority keeps
its books on a different plan, some notion of the labour undergone in
compiling the table will have been formed. It will be seen that the
thirty-eight Metropolitan Vestries and District Boards of Works appear
in the same order as usual in such returns; the Vestries being separated
from the Districts. If it had been possible, we should have preferred
a different arrangement, based on other considerations. The great
roads of London, and their minor feeders, radiate from the City as a
centre, something like the threads of a completed spider’'s web. As
we leave the centre, the main roads necessarily diverge farther apart,
until lost in the surrounding country. If the metropolitan area were
divided into small regular squares, or hexagons, of equal areas, it
would be possible, starting from the City as a centre, to pretty closcly
classify portions of the divisions, now coming under the headings of
parishes and districts, into four principal zones. Within a circle of
about two miles radius from St. Paul’s, enclosing an area of some
thirteen square miles, we should find that all the streets are paved.
Another circle, or perhaps rather an ellipse, with the Thames from the
Tower to Somerset House as its major axis, would enclose the principal
Guernsey granite areas; farther out we should find, still of course deal-
ing with the generality of minor roads, & zone mainly composed of flint
roads; until, at the farthest distances from the City, and of course in
regions of lesser traffic, we reached the outermost zone of gravel or
pebble roads. It is of course at once seen that, as the traffic increases
towards the centre of the web, the roads have to be made stronger and

* The table here referred to is given in abstract at page 162, ante.—D.K.C.
P
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stronger, until a centre is reached emtircly paved with the hardest
granite.

Wo must note that the term “macadamised” is by some London
surveyors strictly confined to a road laid with granite; by others it is
extended to flint roads, which again are, by some surveyors, put under
the category of gravel roads. We have tried in the table to separate
as much as possible the granite from the flint and gravel roads.

It will be observed how the average width of the streets and roads
increases in the wealthier parishes, and gradually diminishes in the
poorer and older ones. In 8t. James's, Westminster, and Battersea,
the roads are, on the average, 60 feet wide; in Paddington we have
an average width of 45 feet ; in St. George's, Hanover Square, 40 feet ;
and in St. George’s in the East only 18 feet.

The Present Ezxtent of the Roads in the Metropolis.—Mr. George Vul-
liamy, architect of the Metropolitan Board of Works, in his “ Memo-
randum as to the Means of providing Fire-plugs in the Metropolis,”
assumes the length of streets in London at from 2,000 to 2,500 miles.
‘This rough estimate includes the paved roads. Our table, based on
thirty-six different returns, from as many parish and district surveyors,
gives more than 1,100 miles of macadamised roads in the metropolitan
limits, with an estimated total area of nearly twenty-three milljons of
square yards. These totals are really far below, rather than over, the
mark, as they do not take into account the areas of private roads, of
which there exist a great number, especially at the outskirts, such as
towards Battersea, Lewisham, Islington, Hackney, and other districts.
Besides, in the few cases, such as Marylebone and others, in which
incomplete returns of lengths or areas could be obtained, the figures
given have been estimated low.

These totals also exclude the gravel footpaths, the areas of which are
very considerable in many parishes.

The public and private parks are also not included. In the former,
Hyde and St. James's Parks alone contain eight ‘miles of roadway
under Government supervision. With Regent's Park, Battersca,
Victoria and the other Parks, at the very least thirty miles of roads
could be added.

It will be observed on looking at any map, that the metropolitan
area of parishes has grown into the shape of a huge bunch of grapes
from the Thames as the stalk of the whole bunch. Between the
fringes of its irregular contour are great areas of inhabited country,
often as much covered with roads as the adjacent metropolitan parishes
proper. There are thus immense areas of roads on the outskirts. For
instance, Mr. Browse, surveyor of the Metropolis Roads Office, has
not less than seventy miles of macadamised turnpike roads, beyond the
metropolitan area, but still in Middlesex. These seventy miles huve
an average width of 40 feot, without reckoning the footpaths.
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Thus, taking the districts of Plumstead and Lewisham, the farthest
from the centre of London, as giving a measure, in the ratio of the
area of their roads to acreage, of the proportion of roads on the out-
skirts, we should find that, within a radius of only twelve miles from
Charing Cross, there are at least forty millions of square miles of
macadamised roads.

The Future Extent of the Roads of the Metropolis.—As might naturally
be expected, considerable areas of roads are being laid down every
year in the metropolis, and especially in the outlying metropolitan
districts. In many districts, such as, for instance, Wandsworth, at
least two or three miles are laid down annually.

The total population of 1861 was three times that of 1801, having
trebled itself in sixty years. From the figures giving the population
of London at the end of every decade since 1801, it can be seen that,
since the beginning of the present century, the metropolitan popula-
tion has doubled itself in about forty years. In fact, the Registrar-
General estimates that the metropolitan population, which in 1866 was
more than 3,000,000, will, at the presentrate of increase, in forty years
be doubled, or will rise to 6,000,000. Should the population double
itself in the next forty years, the mean annual rate of increase, calcu-
lating from 1865, during that period, will be about 75,000. After
making every allowance for the “tendency to build houses much
higher than was formerly the custom,” and without taking into account
the opposing and corrective tendency to lay out wider streets than
formerly, Mr. Haywood estimates that “at the expiration of thirty-
nine years hence, perhaps forty or fifty square miles of open country
will be covered, more or less closely, with houses, for the additional
three millions of inhabitants which will then exist. But,” he goes on
to say, “there are other causes which have arisen of late years tending
largely to .disperse and radiate that part of the existing population
which is above the operative classes, the principal agency being the
facilities for transit offered by railways. The tendency of that class,
undoubtedly, is to seek cheaper residences and a purer atmosphere, and
consequently to encroach still further upon the open area surrounding
the metropolis, so that probably sixty square miles of open country, if
not a considerably larger area, will be covered and occupied by the
time the population reaches six millicns.”” This would give an area
one-half more than at present.

The minimum Annual Saving to London Ratepayers derivable from the
use of Steam Road-rolling.—After taking the most minute precautions
against error, we feel some confidence that our figures of economy
through road-rolling are much below the mark. 'We see by the table,
that there are at least 1,126 miles of macadamised road in the thirty.
nine metropolitan parishes and districts, and that their total area is at
least 21,562,605 square yards. Of course, the true measure of the

P2
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work to be done would be a figure giving the exact cubic contents of
exactly the same kind of metalling consumed in a given period of time
over the given arca. It is impossible to obtain this, though we know
that the surfaces of many London roads have to be renewed several
times a year. Wo find, however, us can bo seen in the table, that
thero were expended on the roads and strocts in the London parishes
and districts during the year 1866-7 £714,662; and during 1867-8,
£781,003. From a number of returns forwarded to us by different
London surveyors, we cstimate that the average annual cost of main-
tenance, exclusive of cleansing and watering, of the London maca-
damised roads, is £280,750, or at the rate of, in round figures, £250
per mile,

We have seen, from not less than seven estimates, that the saving in
maintenance through horse road-rolling can be estimated at 40 per
cent., and that the French, after nearly ten years’ experience in Paris,
consider that they save 50 per cent.in maintenance over and abore
horse-rolling. Therefore, even if we assume that only 50 per cent. is
saved by steam-rolling, we have a gain of more than £140,000 per
annam, without reckoning the diminution of scavengering and water-
ing, and many other sources of economy

It will be observed that this sum is less than one-fifth of the grand
total of that spent in 1867-8 on all the charges for the London roads ;
and that, capitalised at three per cent., it represents more than four
and a half millions.

The Classes directly interested in the Application of Steam Road-rolling.
—As every one uses roads, and is directly or indirectly a ratepayer,
every one may be said to be more or less interested. This of course
applies more directly to every owner of a horse, for the reasons we
have alrcady given at length, under the heading of saving in draught ;
but still to every user whatsoever of theroad. Asa London local paper,
the ¢ Parochial Critic,” observes, “an uncovered part is seized upon
by every humane driver, and quite a contest takes place for possession
of the smooth portion. When all is covered by loose sharp stones the
drivers and horses yield themselves to their fate, and drag through the
punishment as best they can. A return of the number and character
of accidents occasioned by the present system of road-making for the
last seven years would surprise the ratepayers.”

As usual in such cases, although the complaints of the wea.lthy are
heard more loudly, the poor probably suffer most. It issaid that, in
some parishes, the habit is to lay down the loose stones in Octo'ber,\~
and to leave them to be consolidated by the passing traffic before the
rich inhabitants return to town in February. The work of rolling is
thus thrown on draught-carts, the vehicles of the poorer classes, and
especially the omnibus—the poor man’s own conveyance. The dimi-
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nution in the work of traction produced by road-rolling certainly
ought to direct the attention of the omnibus companies, now serving a
passenger traffic in which they have to compete with the metropolitan
railways, and soon with the tramways—the proprietors of railway
vans, such as those of Messrs. Pickford and Chaplin and Horne, and
of the railway coal-carts—to this mode of saving wear and tear of
horseflesh and vehicles. Any road whatever is neither more nor less
than an apparatus for saving draught; and the only advantage of a
railroad is that it has so much less draught on its rails that it ccono-
mises the work of traction. The roads of a city are in fact the per-
manent way and fixed plant of its means of locomotion.

The Amount of Capital invested in Horses and Vehicles tn the Metropolis.
—In order to obtain some further measure of the extent of the classes
directly interested in the application of steam road-rolling, we will
form an estimate of what an engineer would term the rolling-stock of
the London roads. According to recent fiscal arrangements, all horses
whatsoever are taxed, and also all vehicles, with the sole exception of
trade carts for burthens, on which are painted the name and address
of the proprietor. This gives an easy means of getting at the number
of horses and, approximately, the number of vehicles. The Honour-
able Commissioners of Inland Revenue have obligingly furnished us
with figures, giving the number of horses, and of taxed vehicles,
within a circle of a radius of 44 miles from Charing Cross, and hence
covering the greater part of the metropolitan area. There are thus
71,903 horses in all, and 24,095 taxed carriages, within this space.

On account of the untaxed trade carts, we may safely raise the
number of vehicles to 30,000. In the absence of any exact data, there
may probably be different opinions as to the relative numbers of the
different kinds ; but the following rough estimate will not be very far
from exactitude, especially as we have verified the numbers we have
estimated for the cabs and omnibuses by inquiry at Scotland Yard.
Of light carts, vans, gigs, phaetons, 15,000, which, at the price of £30
each, would give a sum of £450,000; cabs, 7,000 at £35 each, give
£245,000; omnibuses, 2,000 at £60, £160,000; heavy carts and wag-
gons, 3,500 at £60 each, £175,000; carriages, broughams, &c., 2,600
at £120 each, £300,000. This would afford a total of £1,290,000
invested in vehicles; and harness may be estimated at 40,000 sets, at
the rate of £4 each, or £160,000. The depreciation of this capital is
very heavy, as experts estimate that vehicles, the first prices of which
are £20 to £150, cost from £4 to £15 per annum in repairs; and the
wear and tear of harness is always very considerable.,

Each of the 15,000 light cart, gig, phaeton, or van horses we will
take to require one horse, of the value of £20, or a total value of
£300,000. Each of the £7,000 harder worked cabs would require two
horses, as a horse must be in stable at least three days a week; but
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their average value can only bo taken as £15, or a total of £225,000.
As few omnibus horses do more than one journey a day, and even then
often rest one or two days a week, we probably have 30,000 horses to
the 2,000 omnibuses; and being of a somewhat superior kind, they
must be estimated at the rate of £30 each, or a total of £900,000.
Heavy cart or waggon horses, 7,000 at £60 each, and two per cart, will
give £420,000; and carriage and brougham horses, two per vehicle,
5,000 at £100 each, will employ the sum of £500,000. On account of
their inconsiderable number, especially in the centre of London—for
wo are only considering the area within a radius of 4} miles from
Charing Cross—we havo left out the riding-horses. The total capital
thus invested in horse-flesh we may estimate at £2,345,000; and,
adding to this £1,290,000 for vehicles, and £160,000 for harness, we
have a total of £3,735,000, or of nearly four millions of pounds sterling,
invested in the rolling-stock of the metropolitan highways.

THE HISTORY OF HORSE ROAD-ROLLING.

The first recorded allusion to road-rolling seems to have been made
in the letters patent granted in 1619 to a certain John Shotbolte, who,
without enrolling any specification, speaks of using “land stearnes,
scowrers, trundlers, and other strong and massy engines,” “in the
making and repairing of highways and roads.” In’ Partington’s
“ British Cyclopwdia of the Artsand Sciences”” (1835) we find it stated
that it was soon after the year 1700 that a part of the charge of
repairing roads was taken off the parishes and levied on the
traveller by means of turnpike-gates. It was, nevertheless, a com-
plaint that the roads were little, if at all, improved by the expenditure
of the money so raised. This complaint is energetically advanced in
‘g dissertation concerning the present state of the high-roads of
England, especially of that near London, wherein is proposed a new
method of repairing and maintaining them,” read before the Royal
Society in the winter of 1736-7 by Robert Phillips, and printed in a
small separate volume. ¢ The author’s great object is to recommend
washing the roads by a constant stream, if possible;” at any rate,
washing the materials—in which he partly anticipates Macadam—of
which they are composed. Phillips strongly remonstrates against ¢ the
practice of laying down large heaps of unprepared gravel to be
gradually consolidated into a harder mass, at the expense of the
intolerable labour of the poor animals that are obliged to grind it
down.” His complaint has been re-echoed in London for more than
one hundred and thirty years, but with little practical results.

The first proposal of a road-roller, on a sound and scientific basis,
was made by a French Royal Engineer of Roads; and already, in
1787, M. de Cessart, then Inspecteur Geénéral des Ponts et Chaussées,
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recommended a cast-iron roller for rolling down newly metalled roads.
He chose it 8 feet long, 3 feet'in diameter, and of a weight of 7,000 old
French pounds. Very soundly he compared its action on broken stone
roads to that of a pavior's hammer on paving stones, and altogether
his description is what might be expected from a scientific engineer.
The Assemblée des Ponts et Chaussées strongly advised a careful trial ;
but the disturbed political state of France, then in the throes of her first
Revolution, evidently had the effect of preventing the continuation of
the experiment. De Cessart’s description is republished in the volume
for 1844 of the dnnales des Ponts et Chaussées. Philip Hutchinson Clay
patented and specified in England, in 1817, ¢ a large roller which, with
the carriage over it, empty or filled with gravel or other material, may
be made to press upon the road any weight from 6 tons to 20 tons, and
by being used frequently, will press the moisture to the surface, and
admit the sun and rain to act upon it, at tho same time pressing down
the loose material and making the road more even.” That Clay under-
stood the subject is evident from his using “a gravel cart,” *fixed
upon a roller, {o carry gravel or other material used in the repairs of
roads, and deposit it where necessary, the great advantage being that
it improves the roads it passes over, and will be particularly useful in
districts where material is scarce, whereas the present mode of carrying
it in carts with narrow wheels destroys the road it passes over.” This
plan was afterwards carried out in Ireland by Sir John Burgoyne,
John Biddle patented, in 1825, “a combination of machinery for
making, repairing, and cleansing roads, consisting of scrapers com-
bined with rollers.”” The road-roller thus secms to have becn used by
several English inventors; and it is acknowledged by the French that
a sight of some at work in London revived the attention of Continental
engineers to their use. A road-roller was tried as far back as 1826 on
the road near Géttingen from Hanover to Cassel ; but the experiments
did not succeed at the time, and it was only between 1837 and 1840
that Herr E, Bokelberg, now Wegbaurath (literally * Road-making
Councillor”’), practically introduced the process into Hanover. The
first roller adopted in actual practice in France appears to have been
one by M. Polonceau, the cclebrated builder of the Carrousel Bridge,
in 1829. This roller is said to have been built up of wooden lagging
tied together with iron hoops, and weighted with stones, being, as to
construction, long behind that of De Cessart, Wooden rollers, filled
with stones, sand, or clay, were in use in France, about thirty years
ago, in the department of the Marne et Loire; and one of this kind
is illustrated in & volume for 1840 of the .4nnales des Ponts et Chaussées,
Rollers made of solid stone and granite were also used at the beginning.
Some French writers state that the horse-roller was first re-introduced
from England into France, in 1833, by M. Fortin, Dr. Riihlmann, of
Hanover, unknown to ourselves, arrived some years ago at the same

.
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conclusion that road-rollers first began to appear in actual practice in
1830, or thereabouts; and that they were introduced into Hanover in
1837, or after their appearance in France. As we know, the Hano-
verian administration of the roads has the reputation of being the very
best in all Germany. The year 1830 is about the date given by Mr.
Vignoles as that of the gencral and official adoption by the French of
Macadam’s system of roads, of which they at once perceived that
rolling is the indispensable concomitant. They hold that an unrolled
macadamised road is only half finished; and the centralization of the
French, Hanoverian, and Prussian administrations of the roads has
facilitated the universal combination of rolling with the system of
macadamisation. In 1837, Mr. (now Sir John) Macneil patented the
use of a kind of road consisting of pieces of cast or wrought iron
mixed with broken stone and gravel. It was to be consolidated by
horsc-rolling in preference to wheel trafic. That, however, road-
rolling was not much known in England by 1838, appears from an
examination of Sir Henry Parnell’s celebrated work on roads, the
second edition of which was published in that year. The Right
Honourable Sir Henry Parnell, Bart., was constituted the Government
Commissioner of the Holyhead roads, laid out by Telford; and the
plans, specifications, and contracts drawn by Telford are printed in the
body of the work. No mention is made of road-rolling—as little as by
Macadam himself, in the sixth edition of his work, published in 1822.
It is well known that Sir John Loudon Macadam rather directed his
attention to the construction of new roads and to restoring bad oncs
than to the maintenance proper of good roads. Some of his principles
are no doubt applicable to maintenance as well as to making and
repairing, but there is a good distance from that to a complete method.
The first recommendation in the English language of horse road-
rolling, as a measure of cconomy, was published by Colonel (now
Field-Marshal) Sir John F. Burgoyne, R.E., in 1843, when Chairman
of the Board of Works in Ireland. He was one of the first engineers
who used it in their own work, and certainly the first in England to
scientifically recommend it, not as a refinement, but as a necessity.
Before 1840, as appears from the Verkandiungen des Vereins zur Befor-
derung des Gewerbfleisses in Preussen, road-rolling was officially and
universally introduced upon the Prussian roads. There can be little
doubt that sooner or later all the rest of Europe will imitate Prussia
in this, the only logical and truly economical mode of road mainte-
nance, just as the Prussian authorities are being tardily copied in -
their first use of breechloaders, in their army administration, com-
pulsory education, preliminary examination of patents for inventions,
the stringent management of their civil services, and other matters.

A great number of different constructions of horse-rollers are in use,
designed with regard to facility in turning at the ends, facility for
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increasing or diminishing thc load on the roller, and ease of draught.
The most elegant of these contrivances is the roller ballasted with
water; obviously affording a very easy means for lightening or
increasing the load. It is generally believed in England to be a home
invention, though really first applied and described in 1853, by a
Government Engineer, G. Nell, employed in Prussian Silesia.

THE HISTORY OF STEAM ROAD-ROLLING.

In the presence of the settled employment in France of horse-rollers,
it was natural to expect that French inventive talent should first seek
for the usual substitution, in an implement in much requisition, of
steam for horses. The limitation of the areas paved with “setts’’ in
Paris and other large cities, said to be ordered by Napoleon III. as a
timely precaution against street barricades, has also greatly favoured
the employment of the steam-roller by raising the demand for a very
high and durable class of macadam, especially for tho centres of
Parisian traffic. The main impulse towards the use of the steam-
roller in France was, however, the extraordinary economy in main-
tenance found to be derived from horse, and d fortiors to be expected
from steam, road-rolling. The saving to the public in wear and tear
of horse-flesh, vehicles, and harness, however great, could scarcely have
8o much stimulated the road authorities. The publication more than
a quarter of a century ago of these economical results of horse-rolling
has had little or no effect on our road management; the yet greater
advantages obtained in France from steam road-rolling may, however,
possibly do more.

The first patent for a steam road-roller was taken out in France, at
the beginning of 1859, by M. Louis Lemoine, of Bordeaux. His roller
was not patented in England, nor ever fully described in any publica-
tion. At the meeting on the 13th of February, 1861, of the Société &’ En-
couragement, the well-known engineer, M. Combes, is recorded to have
described—though his description is not given in the Bulletin of the
Society—Lemoine’s roller, which he had seen at work on the Bordeaux
roads. M. Lemoine was then an employé of the Bordeaux municipality.
This steam-roller appears to have consisted of one main roller for
doing the work ; the engine, weighing in all only about ten tons, being
steered by a pair of side wheels, the axles of which, by means of gear-
ing, could be set at varying angles to the main roller. In 1860 M.
Lemoine’s roller was tried on the road of the Bois de Boulogne. Ballai-
son’s steam-roller, patented in France in August, 1860, and now in use
by Gellerat and Co., the Paris Steam Road-rolling Company, was also
there tried in August of the following year. In 1862 experiments
were carried out with both these steam-rollers by the French engineers
of the State, M.M. Darcel and Labr)é, who gave an account of them in
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an unpublished report of May of that yoar. Thoy exprossed strong
opinions in favour of steam-rolling in genoral, giving the prefercnco
to the Ballaison roller. An cxtract from this report was printed in
M. Homberg's Notice sur les voics empierries et asphaltées de Paris (1865).
They observe that the only possible apparent objection to steam-rollers
is their frightening the horscs. We understand from M. Lemoine that
since these trials he has mado scveral ‘different forms of rollers, now at
work in Bordeaux and its environs. By this time the system has
firmly cstablished itself in Paris and elsewhere in France by a success
extending over more than seven years.

The results obtained in Paris during the couplo of years after 1861
attracted little or no attention in England. The main reason for this
is to be found in the slight importance attached by most of our road
authorities to rolling. It is not regarded as a necessity but as a
luxury. Quite independently of the French inventors, Mr. W. Clark,
chief engineer to the municipality of Calcutta, in 1863 conceived the
idea of a self-propelling steam road-rolling engine, with its weight
uniformly distributed over the whole width of the rollers. The
different English traction engine-makers to whom Mr. Clark applied
were unwilling to make designs and patterns for a single implement ;
and at last Mr. Clark having consulted Mr. W. F. Batho, of Birming-
ham, the engineering manager of Mr. Josiah Mason's vast under-
takings, and well known in the profession for his griginal constructive
talent, an engine on Mr, Batho’s designs was made by Mr. Worsdell of
that town and sent out to Calcutta, where it has done good service.
This design, patented in 1863 by Messrs. Clark and Batho, was there-
fore that of the first steam road-roller ever tried or patented in Great
Britain, The chief features of Clark and Batho's patent are the use of
three scts of rollers, two in front acting as drivers, while the third is
set up in a turn-table, being adjustable so as to steer the engine, at
the same time overlapping the space betwcen the two outside drivers.
At about this time Mr. Batho went to much trouble in trying to pre-
vail upon the road authoritics of many of the larger towns to adopt
steam-rolling, but without the least success. In a history of the sub-
ject he must, however, figure as the first Englishman who fully com-
prchended the national importance of steam road-rolling; and we
understand that, although, as we have stated, the first experiments were
made in France, yet his steam road-roller was the first thoroughly
successful implement of the kind. About a year afterwards, Ballai-
son’s steam-roller appeared on the English patent lists as a communica-
tion from Messrs. E. Gellerat and Co., of Paris; and in May, 1865,
that Company concluded a six years’ contract with the Administration
of Paris for rolling the roads of that capital. In the meantime the
roller made by Mr. Batho for Calcutta had been at work there since
1864, more than rcpaying its entire first cost. The Bombay autho.
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rities accordingly instructed their agent to order one of Clark and
Batho’s engines, through Captain Trever, R.E., who, however, pre-
ferred to employ Messrs. Moreland and Son, of London. These
gentlemen accordingly made two engines which were sent out to
Bombay. In 1866, Messrs. Eastons, Amos, and Anderson undertook
some contracts for rolling roads, Mr. Anderson informs us that the
firm “happened to have one of Aveling and Porter’s 12-horse traction-
engines, and it occurred to them to harness it to a 10-ton roller,” 6 feet
in diameter and length. They “commenced operations in 1866 by
rolling the new roads of the Belvedere Estate,” Belvedere, near Erith,
The firm * subsequently made a contract with the First Commissioner
of Works to roll the roads in Hyde Park,” and, * during the autumn
of 1866 and the early part of 1867 the engine and roller were kept
in that park, though the Government officials were anything but
favourable to its employment. It again illustrates the little atten~
tion paid in England to what is being done abroad, that, though
the city of Paris had, nearly a year before, concluded a six years’
contract with the Paris Steam Road-rolling Company, yet this
eminent firm employed a certainly ingenious, but comparatively ineffi-
cient, combination for the purpose. It was soon found that the wheels
of the traction-engine left deep ruts that were not made good by the
roller, and that much time was lost in turning; but that the dead load
of the boiler and engine—useless in the traction-engine—could be
made to do good work in rolling. What with these observations, and
the reports probably more or less current about the success of the Paris
and the Calcutta rollers, Messrs. Aveling and Porter determined to
adapt their form of traction-engines to this purpose. The result is a
combination of their simple and efficient form of traction-engine with
the arrangement of rollers and turn-table patented in 1863 by Messrs.
Clark and Batho. Towards the end of September, 1867, Messrs,
Aveling and Porter supplied a 30-ton steam road-roller to the borough
authorities of Liverpool, where it has been ever since at work to the
satisfaction of the engineer. Subsequently to this, Messrs. Moreland
and Son hired to the Government the steam roller now [1870] in use in
Hyde Park. In 1867 steam road-rollers began to be introduced into
Hanover. The manufacture of therollers on the Ballaison construction,
was taken up towards the end of 1868 by Messrs. Manning, Wardle,
and Co., of Leeds; and, at the beginning of last year, a paper giving a
description of the steam-roller used in Paris, was brought before the
Institution of Mechanical Engineers, Birmingham, by M. Gellerat, of
Paris, eliciting an interesting discussion on the whole subject.
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INDEX.
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ASPHALTE for pavement, 17,
130 ; artificial asphalte, 131 ;
wheel-tracks, 134, 214, 242

Asphalte, Barnett’'s liquid iron,
pavement, 245, 249, 254, 256,
258, 259 ; cost, 259 ; wear, 254,
256

Asphalte, Bennett’s foothold me-
tallic, pavement, 246

Asphalte, Lillie’s composite, pave-
ment, 247

Asphalte, Limmer mastic,
ment, laid in the City of
don, 244, 249, 254, 256, 258,
259 ; cost, 237, 256, 2569 ; wear,
254, 256

Asphalte, Maestu compound, pave-
ment, 246

Asphalte, Montrotier com-
pressed, pavement, 246, 249,
254, 256 ; cost, 246 ; wear, 254,
266

Asphalte, patent British, pave-
ment, 2456

Asphaltes, Société Francaise des,
pavement, by, 246, 249, 254

Asphalte, Stone’s slipless, pave-
ment, 246

Asphalte, Trinidad, pavement,
246

Asphalte, Val de Travers, pave-
ment, laid in Paris, 242; in the
City of London, 243, 249 252,
256, 258, 269 ; cost, 237, 242,
244, 2569 ; wear, 250, 252, 256 ;
average wear, 257

Asphalte joints, granite pave-
ment with, in Manchester, 199 ;
in the Cxty of London, 247

Ve-

Asphalte pavement, wear of, 250,
2562, 2564, 256
As halte pavements, 242:—Val de
vers asphalte laid in Paris,
242; asphalte pavements in
the City of London, 243 ; cost,
259 ; in Manchester, 259
Asphalte-g-ramte pavement, in
Manchester, 199, in the City of
London, 247

Asphaltic wood pavement, 229,
235, 230, 237, 238
ALFOUR, MR.'D., on the

cost of maintenance of

macadam roads at Sunderland,
161

Barnett's liquid iron asphalte
pavement, 245. (See Asphalte,
Barnett’s, &c.)

Bennett’'s foothold metallic as-
phalte pavement, 246

Birmingham :—Wear and cost of
macadamised roads, by Mr. J.
P. Smith, 155; comparative
cost of macadam and paved
roads, by Mr. W. Taylor, 158;
cleansing the streets of, 273

Blackfriars Bridge, stone pave-
ment, 173, 187

Bode, Baron de, on wood pave-
ment in Russia, 13

Bokeberg, Herr E., on the inter-
spaces in broken metal, 145

Boning rods, 134

Boulder pavement, 11; in the
City of London, 173 ; in Liver-
pool, 195; in Manchester,
198
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British, patent, asphalte pave-
ment, 245

Browne, Major James, on moun-
tain roads, 283

Burgoyne, Sir John, on road-
rolling, 11; appendix, 301

AREY’S wood pavement, 17,
217, 234, 236, 237, 238,

239

Cast-iron paving, 261

Cellular iron pavement, 262

Chalk as a building material for
roads, 101

Charié-Marsaines on performance
of Flemish horses, 299

Clark, D. K., on the performance
of horses, 300

Cleansing of roads and streets,
268. (See Roads and Streets,
Cleansing of

Commercial
ways in, 208

Concrete as a foundation for
roads, by Mr. Hughes, 92; and
by Mr. Penfold, 92

Concrete pavement, McDonnell's
adamantean, 247; Mitchell’s,
263

Concrete roads, by Mr. Joseph
Mitchell, 162

Construction of roads, 40, 90;
earthwork, 40; working plan,
40; slopes, 43, 46; drainage,
46, 70; embankments, 47;
catch-water drains and cross
drains, 48 ; roads on the side of
a hill, 48; side-cuttings, 49;
spoil-bank, 50 ; maximum gra-
dients, 63, 65; minimum gra-
dients, 64 ; foundation and su-
¥erstructure, 90 ; three kinds of
oundation, 91; concretefounda-
tion, by Mr. Hughes, 92; and
by Mr. Penfold, 92; foundation
of pavement, by Mr. Telford,
94; broken stone first recom-
mended by Macadam, 97; Mr.
Hughes on broken stone cover-
ing, 99; chalk as a binding
material, 101; Mr. Walker on
iron scraps, as a binding ma-
terial, 102; foundation for

oad, stone tram-

339

paved streets, 105; materials
employed in the construction of
roads and streets, 123 ; modern
macadamised roads, 134

Contour lines and maps, 24

Cost of asphalte pavements, 259,
264, 265

Cost of macadamised roads, 151,
156, 158, 161, 162, 163

Cost of stone pavements:—First
cost and repair of streets in the
City of London, 171, 183, 184,
188; Euston pavement, 176;
experimental paving in Moor-

ate Street, 177; London
ridge, 186; Blackfriars Bridge,

187; Liverpool, 194, 195 ; com-
parative costs, 265

Cost of Yorkshire paving, 265

Cost of wood pavements, 217, 236

Crossings, 108

Cunningham, Mr. J. H., on the
cost of construction of macadam
roads near Edinburgh, Glas-
gow, and Carlisle, 162

Curbs, 106

ERBY, cost of macadamised
streets in, by Mr. E. B.
Ellice- Clark, 158, 161
Debaurve, resistance to traction on
common roads, 295
Dobson, Mr., on mountain roads,

284

Dockray, Mr., his opinion of the
Euston pavement, 176

Drainage, 46, 48, 74

Dumas on French roads, 19; on
(gl'mdients of roads, 63; on mo-

ern macadamised roads in

France, 165

Dupuit, M., on the gradients of
roads, 64 ; on the width of sur-
face of tyres in contact, 144;
experiments on resistance to
traction, 295

EARTHW ORK, 40

Eastons and Anderson on resist-
ance of carts and waggons, 297

Edgeworth on the construction
of roads, 9
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Edinburgh, Glasgow, and Car-
lisle, cost of construction of
macadam roads near, by Mr.
J. H. Cunningham, 162

Ellice-Clark, Mr. E. B., on the
cost of macadamised strects in
Derby, 168, 161 ; cstimate cost

for paving and maintaining

streets in Derby, 160

Embankments, 47

Estimates, taking out quantitics
for, 114

Exploration for roads, 21; laymg
out, 21, 36: contour-lines an.
maps, 24 working sections, 37

FAREY, MR. JOHN, on the
work of horses and the wear
of roads, 140

Fences, 110.
Fence:g

Footpaths, 77, 108; stones used
for, 128

Foster, P. Le Neve, Jun., on tram-
ways in Milan, 208

Foundations for pavcments, 104,

(Scc Hedges and

105

Foundation of roads, 90. (Sce
Construction of Roads)

France, roads im, 18, 165. (Sce

Roads in France)

ABRIEL'S wood pavement,
233, 235

Gradients, maximum,
minimum, 64

Granite, 122 ; comparative wecar,
126

Granite pavement, artificial, Po-
letti and Dimpfl's, 262

Granite tramways, 208. (Sce
Stone Tramways)

Greywacké, 127

HARRISON'S wood pavement,

231

Haywood, Coloncl, Reports of, to
the Commissioners of Scwers
of the City of London, 170;
carlicst  carriage- way pave-
ments in the City of London,
171; pu\'ementsm 1848, length
of carriage-way in 1851 and

63, 65;

INDEX.

1866, threc-inch granite sets
made the best pavement, 174;
experimental paving in Moor-
gate Street, 177 ; traffic in the
City of London in 1850, 1857,
1866, and 1871, 181; duration
of three-inch sct pavements,
182; cost, 184; on thec wear
and cost of paving for London
Bridge, 1¢5; cstimate of dura-
bility and cost of pavements in
principal strects of the City,
187; typical sections of a ﬁftv
feet strcct, 188 ; table, showing
the condition of wood and
asphalte carriage - way pave-
ments in the City of London,
on 1st February, 1877, 324
Hedges and fcnccs, 110; stone

fences, 110; post and rail
fenece, 111; quickset hedge,
111; Professor Mahon on

fences, 1125 Sir John Macneil
on the evil of close fences, 112;
Mr. Walker on the same, 113

Ilcnson’s wood pavement, 231,
237

Hope, D. T., his experiments on
wear of wood in pavcments,
132

Horse tracks, 1

Hnughes, Mr., on the form of the
bed of a road, 73 ; on broken-
stone covering, 99; concrcte
foundation by, 92

IMPROVED wood pavement,
223, 234, 236, 238

India, road-making in, 282; the
Grand Trunk Road, 285

India, stones in, 127

Iron scraps as a binding material
for roads, 102

ELSEY, MR, on cost for re-
pair of carly stone pave-
ments in the City of London,171

| Kunker, 128

| LATEI{ITE 127

! Lec, Mr., cxperiments in cleans-
| ing the strects of Sheffield, 279
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Ligno-mineral pavement, 228,
234, 237, 238

Lillie’s composite pavement, 247

Limmer mastic asphalte pave-

ment, 244. (See Adsphalte,
Limmer, &c.

Lisle, Count de, his wood pave-
ment, 16

Liverpool, stone pavements of,
193. (See Stone Pavements)

London, boulder pavement, 11;
Mr. Telford’s system of pave-
ment, 12; Macadam’s pave-
ment, 13; construction, wear,
and cost of metropolitan roads,
134, 138, 151; cleansing and
watering the streets of, 277, 278

London, City of, first Act for
paving, 11; paved with boulders,
11; macadamised streets, 13;
stone pavements, 169 ; wear of
granite pavements, 202; wood
pavements, 217 ; asphalte pave-
ments, 243. (See Stone Pave-
ments, Wood Pavements, Asphalte
Pavements)

London Bridge, construction, and
wear of stone pavement, 185
Lovick, Mr. T., his experiments

in cleansing streets, 278

ACADAM in Manchester,
201
Macadam, James L., on the old
roads, 7; on the principle of a
good road, 7, 8 ; on the section
of roads, 69; use of broken
stone, 97 ; on the width of tyres,
144; on the annual wear of
metalled roads, 147
Macadamised roads, leading prin-
ciple of, 7; total length of, in
1868-69, 10 ; rolling, 10; adopt-
ed in France, 19; not suited
for heavy traffic, 104; stones
suited for, 127; modern mac-
adamised roads, 134, (See Con-
struction of Roads)
Macadamised roads, modern, con-
struction of, 134; first-class
metropolitan roads, 134; sccond-
class metropolitan roads, 135;
country roads, 135; construc-

341

tion proposed by a Committce
of the Society of Arts, 137;
wear, 138; disadvantage of
elasticity, 138; relative wear
due to the action of horse-
shoes and of wheels, 140, 144;
rounded tyres injurious, 141;
width of surfacein contact with
tyres, 144; interspaces in broken
stone, 146; analysis of crust
of macadamised road, by Mr.
Mitchell, 146; annual wear,
147; rules for wear, 148;
maintenance of roads in the
metropolis, 151; suburban high-
ways, 153; local roads, 155;
Birmingham, 155 ; Derby, 158 ;
Sunderland, 161 ; districts near
Edinburgh, Glasgow, and Car-
lisle, 162; macadamised roads
in France, 165; in Manchester,
201. (See Wear and Cost)

Macneil, Sir John, experiments
by, on resistance to traction, 62,
298; on inclination of roads, 63;
on close fences, 112; on elas-
ticity of the road, 138; on the
weight of vehicles and width
of tyres, 142; experiments on
resistance of granite tram-
ways, 208

Maestu com?ound asphalte, 246

Mahan, Professor, on side slopes,
43; on the angle of repose, 61;
on maximum gradients, 63; on
the form of cross section, 72;
on the height of fences, 112

Manchester, asphalte pavements
in, 2569

Manchester, cleansing the streets
of, 270, 276

Marshy soils, brushwood sub-
structure in, 77

Materials employed in the con-
struction of roads and streets,
122:—stones, 122; granite, 122 ;
its crushing resistance, 124 ; ab-
sorbent E:wer of stones, 125;
trap rocks, 125; comparative
wear of stones, 126 ; Mr. Walker
on wear of granites, 126 ; grey-
wacké, 127; stones suited for
macadam, 127 ; stones in India,

Q2
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127 : stones for footpaths, 128; |

for curbs, 130; asphalte, 130; !

artificial asphalte, 131; wood,
131; its crushing resistance,
132; Mr. D. T. Hope's experi-
ments on wear, 132

McDonnell's adamantean con-
crete pavement, 247

Metalled roads. (Sec Macadamised
Roady)

Metallic paving, 261, 262

Metropolitan compound metallic

paving, 261

Metropolitan Wood Pavement

Company, their pavement, 16
Milan, stone tramways in, 208
Mitchell, Mr. Joseph, on the inter-

spaces in broken stone,

analysis of the cost of a mac-

145;

adam road, 146 ; concrcte road, !

162 ; concrete pavement, 263

Montrotior compressed asphalte
pavement, 246. (Sec Asphalte,
Montrotier, &c.)

Morin’s experiments on resistance
to traction, 51, 294

Mountain roads, 283

Mowlem’s wood pavement, 232,
239, 236, 237

Mud, removal of, 82 ; composition
of, 268, 275

EWLANDS, MR, on the
streets of Liverpool, 193
Norton's wood pavement, 232, 235

PACK-HORSES, 1

Paget, F. A., his data, 149, 151,
309

Paris, cleansing the streets of,
281

Pavements, carriage-way, com-
parison of :—cost, 264 ; slipperi-
ness, 259, 2656; convenience,
267; cleanliness, 281

Pavement, boulder. (Scc Boulder
Pavement)

Pavement, cast-iron, 261

Pavement, cellular iron,-262

Pavement, compound wood and
stone, 262

Pavement, granite, estimato cost

1NDEX,

of, in Birmingham, 158; in
Derby, 160, 161
Pavement, granite, artificial, 262
Pavcement, metallic, 261, 262

Pavement, stone. (Sce Stone
Parement)
Pavement, wood. (Secc Wood

Pavement.)

Paved roads and strects, 104;
foundations, 104 ; mode of pre-
paring surface for pavement,
105; construction of foundation,
105 ; stonesets, 105 ; curb, 106 ;
pavement for inclined streets,
108; side walls and crossing
places, 108

Penfold, Mr., on repairs of roads,
81: concrete foundation by, 92

Pinchbeck, Mr. George, on cost
of maintaining suburban high-
ways, 163

Poletti and Dimpfl's artificial
granite pavement, 262

Polonceau on road rolling, 20

Provis, Mr., on clasticity of roads,
138

UANTITIES for estimates,
taking out, 114

EADING, cleansing the strects
of, 277
Redman, Mr., on the wear of
macadam in Commercial Road,
148
Repairing and improving roads,
79 ; improvement of the sur-
-face, 79; lifting the road, 80;
Mr. Penfold on repairs, 81; rc-
moval of mud, 82; tools or
implements formerly employed,
83; scraping machines, 89;
‘Whitworth’s sweeping machine,
89
Resistance to traction on common
roads, 61, 290 ; M. Morin’s ex-
periments, 61; Sir John Mac-
neil’s experiments, 52; rules for
resistance, §5; influence of in-
clines, 56 ; angle of repose, 61 ;
Sir John Macneil on gradicnts,
Professor Mahan on gradients,
M. Dumas on gradients, 63;
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M. Dupuit on gradicnts, 64;
minimum longitudinal slopc,64.
Rolling resistance, 290; conclu-
sions and data of M. Dupuit,
295; M. Debauve, 295; M
Tresca, 296; Messrs. Eastons
and Anderson, 297; Sir John
Macneil, 298; formula, 299;
M. Charié - Marsaincs’ data,
299; Mr. D. K. Clark's data,
300

Resistance of granite tramways,
208

Road, modern country, 136

Road;ro]ling, 10; in France, 20,
16

Roads and streets, cleansing of,
268 ; composition of mud and
detritus, 268, 275; cleansing
strects of Manchester, 270, 276 ;
Whitworth’s machine, 271;
cleansing strects of Salford,
273 ; of Birmingham, 273; of
Reading, 277; watering the
streets of London, 277; Mr. T.
Lovick’s experiments, 278 ; Mr.
Lee's cxperiments at Sheflield,
279; cleansing in Paris, 281 ;
M. Tailfer’s machine, 281

Roads, construction of, 40, 90.
(Sec Construction of Roads)

Roads, exploration for, 21. (Sec
Erploration for Roads)

Roads in France :—old roads, 18
Trésaguet’s roads, 19; 3Mlac-
adam’s system adopted, 19;
horse-roller adopted, 20; mo-
dern macadamised roads in
France, 165; M. Dumas on
their construction, 166 ; rolling
and watering, 167

Roads, metalled or macadamised.
(See Macadamised Roads)

Roads, mountain, 283

Roads, old country, 3; Mr. Mac-
adam’s opinion of, 7

Roads, paved, 104. (Sec Paved
Roads and Streets)

Roads, repairing and improving,
79. (Sec Repairing and Im-
proving Roads)

Roads, section of, 65. (Sco See-
tion of Roads)

.

! S.\LFORD, cleansing the streets
|

of, 273

Sandstone, strength and absorbent

power of, 125 ; laterite in India,
127; for footpaths, 128; com-
position, weight and strength,
139; comparative durability,
129

Scraping machines for macadam

~ roads, 89

Soction of roads, 65; limits of
gradients, 66 ; width and trans-
verse scction of roads, 68 ; Mr.
Macadam on the section of
roads, 69 ; Mr. Walker on the
section of roads, 70; and on
drainage, 70 ; best form of scc-
tion, 71; scction of the bed,
72; Mr. Hughes on the form
of the bed, 73; drainage of the
road, 74 ; footpaths, 77 ; brush-
wood substructure in marshy
soils, 77, 102; imperfect scc-
tions, 80

Sections, working, for roads, 37

Seyssel asphalte, 133, 131

Sh2e;lsi’old, cleansing the streets at,

Side-cuttings, 49

Side walks, 108

Slopes, 43, 46

Smith, Mr. J. P., on macadamised
roads in Birmingham, 155

Société Frangaise des Asphaltes,
246, 249, 254

Society of Arts, Report of Com-
n:)igtce of, on Traction on Roads,
2

Spoil-bank, 50

Stead’s wood pavement, 15

Stone pavement, 169; City of
London, 169; carly paving,
169; pavement of King Wil-
liam Street, 170; table of carly

avements, 171; table of cost

or repairs of early pavement,
172; introduction of three-inch
sets; cxtent of pavement in
the City, 173, 174 ; the Euston
pavement, 175; experimental
paving in Moorgate Street, 177;
granites that have been tried,
179; rotation of paving stones
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180; traffic in the City, 181;
duration of pavements, 183,187 ;
cost, 184, 187 ; London Bridge,
186 ; Blackfriars Bridge, 187 ;
typical scctions and plans of a
fifty-feet street, 188; South-
wark Street, 191. Liverpool,
193; ecxtent of pavement in
1851, 193 ; cost for construction
of sct pavements, 194 ; of boul-
der pavements, 195; and of
macadam, 196; cost of main-
tenance of pavements, 197.
Manchester, 198 ; boulder pave-
ment, 198 ; construction of sot
pavement, with asphalte joint-
g, 199; cost of pavements,
200 ; wear of granite pavements
in tho City of London, 202

Stone tramways, 208 :—Commer-
cial Road, by Mr. Walker, 208 ;
resistanco on, 208 ; in Northern
Italy, described by Mr. P. Le
Neve Foster, Jun., 208 ; prices
in Milan, 212 ; wheel-tracks of
asphalte, 214

Stones used in the construction of
roads, 122, (See Malerials em-
ployed)

Stone’s slipless asphalte pave-
ment, 246

Stone’s wood pavement, 233

Streets, typical :—fifty-feet street
for the City of London, 188;
Southwark Street, 191

Sunderland, cost of maintenance
of macadam roads at, by Mr.
D. Balfour, 161

Sweeping machines, Whitworth’s,
89, 271 ; Tailfer's, 281

ATLFER’S sweeping machine,
281

Taylor, Mr. W., on the Euston
pavement, 1756; comparative
cost of macadam and paved
roads in Birmingham, 168

Telford, his early experience, 9;
his system of road-making, 10,
94 ; his system of pavement for
London, 12; on the wear of
roads, 141

Tools or implements formerly

INDEX.

gmployed in the repair of roads,
3

Traction, resistance to, 51, 290.
(See Resistance to Traction)

Tramway, stone, 208. (See Stone
Tramways)

Trap rocks, 125

Trésaguet's roads in France, 18,
19

Tresca, M., on the resistance of
an omnibus, 296
Trinidad asphalte pavement, 245

VAL DE TRAVERS asphalte,
130, 131

Val do Travers asphalte pave-
ment, 242, (Sce Asphalte, Val
de Tyavers, Pavement)

Vehicles ¢n common roads in
1809, 7

ALKER, MR,, on the sec-
tion of roads, 70; on drain-
age, 70; on iron scraps as a
binding material, 102; on close
fences, 113; on the wear of
granites, 126; introduction of
three-inch sets by, 173; stone
tramways in Commercial Road,
208

‘Watering streets. (See Roads and
Streets, Cleansing oj}

‘Wear of macadamised roads, 138,
140, 144, 147, 148, 155, 156,
158

‘Wear of pavements :—stone, 202 ;
wood, 238 ; asphalte, 250, 262,
254, 266 ; holes and short holes
in asphalte, 250, 253

‘Wear of stones, comparative, 126

‘Whitworth’s sweeping machine,
89, 271

‘Wilson’s wood pavement, 233

‘Wood, 131; its crushing resist-
ance, 132

‘Wood and stone pavements, com-
pound, 262

‘Wood pavements in the City of
London, 234

‘Wood pavement in Russia, 13; in
the United States, 14 ; Stead’s
pavement, 15 ; De Lisle’s pave-



INDEX.

ment, 16; general conditions

of wood pavement, 215; Carcy’s |

wood pavement, 17, 217, 234,
236, 237, 238, 239; improved

wood pavement, 223, 234, 237, |

238; Ligno-mincral pavement,
228, 234, 237, 238; asphaltic
wood pavement, 229, 235,
236, 237, 238 ; Harrison's wood
pavement, 231; Henson’s wood
pavement, 231, 237; Norton’s

THE
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wood pavement, 232, 233
Mowlem’s wood pavement,
232, 235, 236, 237; Stone’s
wood pavement, 233 ; Gabriel’s
wood pavement, 233, 235;

. Wilson’s wood pavement, 233

? YORKSIIIRE paving, 191, 265
| Y%lmg, Arthur, on the old roads,

ENT.

LONDON ; PRINTED BY VIRTUE AND CO., LIMITED, CITY ROAD.



STANDARD WORKS IN ENGINEERING, &c.

PRACTICAL TUNNELLING : Explaining in detail the
Setting out of the Works, Shaft-sinking and Heading-diving,
Ranging the Lines and Levelling under Ground, Sub-Excavating,
Timbering, and the Construction of the Brickwork of Tunnels, with
the Amount of Labour required for, and the Cost of, the various
Portions of the Work. B (i" W. Simyms, M.I.C.E. Third Edition,
Revised, with additional chapters illustrating the Recent Prac-
tice of Tunnelling as exemplified by the St. Gothard, Mont Cenis,
and other modern works, by D. KINNEAR CLARK, M.I.C.E.
Imperial 8vo, cloth, with 21 Folding Plates and numerous Wood
Engravings, 30s. [Fust published.

THE PRINCIPLES AND PRACTICE OF LEVELLING :
Showing its Application to Purposes of Railway & Civil Engineer-
ing, in the Construction of Roads; with TELFORD’S Rules for
same. By F. W, Siums, F.G.S., M.I.C.E. Sixth Edition, re-
vised, with LAW’s Examples for Setting out Railway Curves, and
TRAUTWINE'S Field Practice of Laying out Circular Curves.
‘With 7 Plates and numerous Woodcuts. 8vo, 8s. 6d. cloth.

*,* TRAUTWINE on Curves, separate, §s.

STEAM AND THE STEAM-ENGINE, Stationary and
Portable, an Elementary Treatise on. Being an Extension of Mr.
{ohn Sewell’s Treatisec on Steam. By D. KINNEAR CLARK, C.E,,

1.I.C.E. With Illustrations. I2mo, cloth, 4s.

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY, for the Formation of
Geographical and Topographical Maps and Plans, Military Recon-
naissance, Levelling, &c. By LIEUT.-GENERAL FrRoOME, R.E.
Fourth Edition, enlarged, thoroughly revised, and partly re-
written, By CAPTAIN CHARLES WARREN, R.E,, F.G.S. ith
19 Plates and 115 Woodcuts. Royal 8vo, 16s. cloth.

THE PRACTICE OF ENGINEERING FIELDWORK,
applied to Land and Hydraulic, Hydrographic, and Submarine
Surveying and Levelling. Second Edition, revised, with con-
siderable Additions. By W. DAvis HaskoLL, C.E. Numerous
Folding Plates. 8vo, 2 vols. in one, cloth, £1 1s. (pub. at £2 4s.)

THE ENGINEERS, MINING SURVEYORS, AND
CONTRACTOR'’S FIELD-BOOK. By W.D. HaskoLt, C.E.
Third Edition, enlarged, numerous Woodcuts. 12mo, 12s. cloth.

THE STUDENTS GUIDE 7O THE PRACTICE OF
MEASURING AND VALUING 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 respective Trades of Bricklayer and Slater, Carpenter and

oiner, Painter and Glazier, Paperhanger, &c. With 43 Plates and
Woodcuts. Originally edited by EDWARD DoOBSON. New
Edition. By E. WyNDHAM TARN, M.A. 8vo, 10s. 6d. cloth.

Loxpon : CROSBY LOCKWOOD & _CO., 7, StaTioNBRS’ HALL CouRT, E.C,



STANDARD WORKS IN ENGINEERING, é&c.

SANITARY WORK IN THE SMALLER TOWNS
AND IN VILLAGES. Comprising:—I1. Some of the more
Common Forms of Nuisance and their Remedies; 2. Drainage ;
3. Water Supply. A useful book for Members of Local Boards
and Rural Sanitary Authorities, Health Officers, Engineers, Sur-
veyors, Builders, and Contractors. By CHARLES SLAGG, Assoc.
Inst. C.E. Crown 8vo, cloth, gs. [Fust pubdlished.

“ This is a very useful book, and may be safely recommended. There is a great
_ deal of work required to be done in_the smaller towns and villages, and this little
volume will help those who are willing to do it.”’—Builder.

HYDRAULIC TABLES, CO-EFFICIENTS, and FOR-
MULZ for fmding the Discharge of Water from Orifices, Notches,
‘Weirs, Pipes, and Rivers. With New Formule, Tables, and
General Information on Rain-fall, Catchment-basins, Drainage,
Sewerage, Water Supply for Towns, and Mill Power. By JOHN
NEevILLE, Civil Engineer, M.R.I.LA. Third Edition, carefully
revised, with Additions. Numerous Illus. Cr. 8vo, 14s. cloth.

“ Undoubtedly an exceedingly useful and elaborate compilation.””—/rvn.

SPECIFICATIONS FOR PRACTICAL ARCHITEC-
TURE: a Guide to the Architect, Engineer, Suiveyor, and
Builder; with an Essay on the Structure and Science of Modern
Buildings. By FREDERICK ROGERS, Architect. With numerous
Illustrations, Demy 8vo, price 15s. cloth. (Published at £1 10s.)

*¢* A volume of specifications of a_practical character being greatly required,
and the old standanf:vork of Alfred Bl:xrtbolomew being out of print, the author,

on the basis of that work, has produced the above. He has also inserted specifi-
cations of works that have been erected in his own practice.

THE HANDBOOK OF SPECIFICATIONS; or,Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in
drawing up Specifications and Contracts for Works and Construc-
tions. 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.
By Professor T. L. DoNALDsoN, M.I.LB.A. With A REVIEW
OF THE LAW OF CONTRACTS. By W. CUNNINGHAM GLEN.
With 33 Lithographic Plates. 2 vols. 8vo, £2 2s.

“ Donaldson’s Handbook of Specifications must be bought by all architects.”

—Builder.

THE WORKMAN'S MANUAL OF ENGINEERING
DRAWING. By JoHN MAXTON, Instructor in Engineering
Drawing, Royal Naval College, Greenwich, formerly of R.S.N.A.,
South Kensington. Third Edition, carefully revised. With
upwards of 300 Plates and Diagrams. 12mo, cloth, 4s. 6d.

A TREATISE ON THE STRENGTH OF MATE-
RIALS. By PeTER BarRrow, F.R.S. A New and Enlarged
Edition, revised by the Author’s Sons, and edited by W. HUMBER,
A.I.C.E. 8vo, with 19 Plates, and num. Woodcuts, 18s, cloth.

¢ 1he standard treatise upon this particular subject.”’—Engincer.

Lonpon: CROSBY LOCKWOOD & CO., 7, StatioNers’ HatL Courr, E.C,
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STANDARD WORKS IN ENGINEERING, &c.

PIONEER ENGINEERING. A Treatise on the Engincer~
ing Operations connected with the Settdement of Waste Lands in
New Countries. By Epwarp DossoNn, Assoc. Inst. C.E.,
Author of ““The Ait of Building,” &c. \Vith numerous Plates
and Wood Engravings. Crown 8vo, 10s. 6d. [Fust published.

“ The author’s experience has been turned to good account, and the book is
likely to be of considerable service to pioncer engincers.” —Building News.

LANDED ESTATES MANAGEMENT: Treating of the
Varietics of Lands, DI’eculiarities of Farms, Methods of Farm-
ing, the Sctting-out of Farms and their Fields, Construction of
Roads, Fences, Gates, and Farm Buildings, Waste or Unpro-
ductive Lands, Inigation, Drainage, Plantation, &c. By R.

“ Scorr Bury.  Fep. 8vo, num. Illus,, 3s. 6d. [-Vow Ready.
“ A complete and comprehensive outline of the dutics appertaining to the

Management of Landed Estates.'”--Fournal of Forestry.

A BOOK ON RUILDING, CINTL. AND ECCLESIAS-
TICAL. BySirEpmuNnBrekerr, Bart,, LL.D,,Q.C,, F.R.A.S.
Author of * Clocks and Watches and Bells,” &c. Crown 8vo,
cloth, with Ilustrations, 7s. 6d.

“We commend the book to the thoughtful consideration of all who are in-
terested in the building art.”"—Rudlder,

A PRACTICAL TREATISE ON MECHANICAL EN-
GINEERING: comprising Metallurgy, Moulding, Casting,
Forging, Tools, Workshop Machinery, Mechanical Manipulation,
Manufacture of the Steam Engine, &c., &c. 'With an Appendix
on the Analysis of Iron and Iron Ore, &c. By F. CaMpIN, C.E.
Illus. with 91 Woodcuts and 28 Plates, 8vo, cloth, 12s.

LAND AND MARINE SURVEYING, in Reference to
the Preparation of Plans for Roads and Railways, Canals,
Rivers, Towns’ Water Supplies, Docks, Harbours, &c., &c. By
W. Davis HaskoLL, C.E. Demy 8vo, with 14 Folding P.ates
and numerous Woodcuts, 125. 6d. cloth.

“ A most useful and well-arranged book for the aid of a stadent. We can
strongly recommend it as a carcfully’written and valuable text-book.”"—ZBur der.

A HANDY BOOK FOR THE CALCULATION OF
STRAINS IN GIRDERS AND SIMILAR STRUCTURES,
AND THEIR STRENGTH; consisting of Formula and C rre-

. sponding Diagrams, with numerous details for Practical A pli-
caticn, &c. By W. HUuMBER, A.I.C.E, &c. 2nd Ediion.
Fcap. 8vo, with nearly 100 Woodcuts and 3 Plates, 7s. 6d. c oth.

“ The formule are ncatly expressed, and the diagrams good.”’—Atkeneun .

MATHEMATICS FOR PRACTICAL MEN, bein: a
Commonplace Book of Pure and Mixed Mathematics. Desi med
chiefly for the Use of Civil Engincers, Architects, and Surve ors,
By OLINTHUS GREGORY, LL.D,, F.R.A.S. Enlarged by
HeNrY LAw, C.E. Fourth Edition, carefully revised and cor-
rected by J. R. YOUNG, formerly Professor of Mathem: lics,

Belfast College. With 13 Plates. Medium 8vo, £1 1s. cloth

—_—

Loxpov: CROSBY LOCKWOOD & CO., 7, StatioNers’ HarL Courr E.C,
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Humber's 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. Imp. 4to. Illustrated with 50
Double Plates, 2 Single Plates, Coloured Frontispiece, and upwards
of 250 Woodcuts, and containing 400 pages of Text, elegantly and
substantially half-bound in morocco. Price 6/. 6s.

List of Contents:—

I. Historical Sketch of some of the means that have been adopted for the Supply
of Water to Cities and Towns.—II. Water and the Foreign Matter usually asso-
ciated with it.—III. Rainfall and Evavration.——-lv. Springs and the water-
bearing formations of various districts,.—V, M and Estimation of the
Flow of Water.—VI. On the Selection of the Source of Supply.—VII. Wells,—
VIIIL. Reservoirs.—IX. The Purification of Water.—X. Pumps.—XI. Pumping
Machinery.—XII. Conduits.—XIII. Distribution of Water.—XIV. Meters, Ser-
vice Pij and House Fittings.—XV. The Law and ‘Economy of Water Works.—
XVI. Constant and Intermittent Supply.—XVII. Description of Plates.—Appen-
dices, giving Tables of Rates of Supply, Velocities, &c. &c., together with
Specifications of several Works illustrated, among which will be found :—Aberdeen,
Bideford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others.

OPINIONS OF THE PRESS.

““ The most systematic and valuable work upon water sup%y hitherto produced n
Enghs , or in any other language.”— ineer (first notice), Nov. 3. 1876.
¢ Mr. Humber's work is character'm?a.lmost throughout by an_ exhaustiveness
much more distinctive of French and German than of lgnglish technical treatises,”—
Enf:’n«r (third notice), Dec. 15, 1876. .
‘“We can congratulate Mr. Humber on having been able to give so large an
of information on a subject so important as the water supply of cities and
towns. The plates, fifty in number, are mostly drawings of executed works, and
alone would have commanded the attention of every engineer whose practice may lie
in this b h of the profession,”—Builder, Dec. g, 1876.
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Humber's Modern Engineering.

Trivd Sertes.

A RECORD of the PROGRESS of MODERN ENGINEER-

ING, 1865.

Imp. 4to, with 40 Double Plates, drawn to a large

scale, and Photo Portrait of J. R. M‘Clean, Esq., late President
of the Institution of Civil Engineers. Price 3/. 3s. half morocco.

List of Plates and Diagrams.

MAIN DRAINAGE, METROPOLIS,
NoORTH SIDE.

Plate 1. Map showing Interception of

wers.—2 and 3. Middle Level Sewer.
Sewer under Regent’s Canal ; and Junc-
tion with Fleet Ditch.—4, 5, and 6, Out-
fall Sewer. Bridge over River Lea.
Elevation and Details. — 7. Outfall
Sewer. Bridge over Marsh Lane, North
Woolwich Railway, and Bow and éarking
Railway Junction.—8, 9, and ro. Outfall
Sewer. Bridge over Bow and Barking
Railway. levation and Details.—
11 and 12. Outfall Sewer. Bridge over
East London Waterworks’ Feeder. Ele-
vation and Details.—13 and 14. Outfall
Sewer. Reservoir. Plan and Section.—
15. Outfall Sewer. Tumbling Bay and
Outlet.—16. Outfall Sewer, Penstocks.

SouTH SIDE.

Plates 17 and 18. Outfall Sewer.
mondsey Branch.—19, 20, 21, and

Ber-

22.

MAIN DRAINAGE, METROPOLIS,
continued—

Outfall Sewer. Reservoir and Outlet.
Plan and Details.—23. Outfall Sewer.
Filth Hoist.—24. Sections of Sewers
(North and South Sides).

THAMES EMBANKMENT.

Plate 25. Section of River Wall.—
26 and 27. Steam-boat Pier, Westminster.
Elevation and Details. — 28. Landing
Stairs between Charing Cross and Water-
loo Bridges.—29 and 30. York Gate,
Front Elevation. Side Elevation and
Details.—31, 32, and 33. Overflow and
Outlet at Savoy Street Sewer. Details ;
and Penstock. —34, 35. and 36. Steam-boat
Pier, Waterloo Bndge. Elevation and
Details.—37. Junction of Sewers. Plans
and Sections —38. Gullies. “ Plans and
Sections.—39. Rolling Stock.—4o. Granite
and Iron Forts.

With copious Descriptive Letterpress, &c.

Humber's Modern Engineering. Fourth Series.

A RECORD of the PROGRESS of MODERN ENGINEER-
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large
scale, and Photographic Portrait of John Fi owler, Esq., President

of the Institution of Civil Engineers.

Price 3/ 3s. half morocco.

List of the Plates and Diagrams.

NAME AND DESCRIPTION.

.

Abbey Mills Pumping Station, Main Drainage,
Me HSevueeanenns

PLATES. NAME OF ENGINEER.

4 Mr. Bazalgette, C.E.
9 Messrs. M'Clean & Stﬂ;&ma

Mr. W. Loyd, C.E.

Rallway ...oe0vues besssecsses 10, IIX
Adams’ Locomotive, St. Helen’s C 12, 13 Mr. H. Cross, C.E.
Cannon Street Station Roof . 14 to 16 Mr. J. Hawkshaw, C.E.
Road Bridge over the River Moka..... 17, 18 Mr. H. Wakefield, C.E.
Telegraphic Aj tus for Mesopotamia ... 19 Mr. Siemens, C.E.

Viaduct over the River Wye, Midland Railw. 20 to 2z Mr. W. H, ﬁarlow, C.E.
St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brunel, C.E.
Wrought-Iron Cylinder for Diving Bell.. 25 Mr. J. Coode, C.E.
Millwall Docks...veeeeeeseoccarossassacses 26 to 31 Messrs, J. Fowler,C.E.,and
T O

Milroy’s Patent Excavator ........cceee oo 32 r. Mikoy, 3
Metropolitan District Railway.......... eil 33 t038 Mr. J. Fowler, and Mr. T.

P v M. Johason, C.E: .
Harbours, Ports, and Breakwaters.....c.coc A to C

With Copions Descriptive Letterpress, Specifications, &.
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Lron and Steel,

‘IRON AND STEEL’: a Work for the Forge, Foundry,
Factory, and Office. Containing Ready, Useful, and Trustworthy
Information for Ironmasters and their Stocktakers ; Managers of
Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining,
and Consulting Engineers ; Architects, Contractors, Builders, and
Professional Draughtsmen. By CHARLES HOARE, Autkor of
¢The Slide Rule,” &c. Eighth Edition. Revised throughout and
considerably enlarged. With folding Scales of ‘‘ Foreign Mea-
sures com‘gated with the English Foot,” and ‘‘fixed Scales of
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c.”
Oblong, 32mo, leather elastic-band, 6s.

“ We cordially recommend this book to those engaged in considering the details
of all kinds of iron and steel works. . . . . It has been compiled with care and
accuracy. . . . . Many useful rules and hints are given for lessening the
amount of arithmetical labour which is always more or less necessary in arranging
iron and steel work of all kinds, and a great quantity of useful tables for preparing

estimates of weights, dimensions, strengths of structures, costs of work, &c., will be
found in Mr. Hoare's book.—Nawval Science.

Weale's Engineers’ Pocket-Book.

THE ENGINEERS’, ARCHITECTS’, and CONTRACTORS’
POCKET-BOOK (Lockwoop & Co.’s; formerly WEALE’s).
Published Annually. In roan tuck, gilt edges, with 10 Copper-
Plates and numerousWoodcuts. Price 6s.

“ A vast of really vauable matter densed 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.—Colliery Guardiax.

“It ins a e of infi ion peculiarly valuable to those for whose
use it is iled. diall dit to the i ing archi 1

ot -4 5

e
professions generally.”—Mining ’?’oumal.

Iron Bridges, Girders, Roofs, &.
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-
mulz and Symbols being excluded. By Francis CamriN, C.E.
Second Edition revised and corrected. With numerous Diagrams,

12mo, cloth boards, 3s.
‘“Invaluable to those who have not been ed d in math ics.”—Colliery
an. :
“ Remarkably accurate and well written,”—Ar?isan, :
Mechanical Engineering.

A PRACTICAL TREATISE ON MECHANICAL ENGI-
NEERING : comprising Metallu Moulding, Casting, Forging,
Tools, Workshop R‘Iach%nery, Meﬁnieal Ma.nii)ulation,’Mannftc:
ture of the Steam Engine, &c. &c. With an Appendix on the
Analysis of Iron and Iron Ore, and Glossary of Terms. By FRANCIS
CaMmPIN, C.E. Illustrated with g1 Woodcuts and 28 Plates of
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting
Machiné—Blnst, ’Reﬁning, and Revert,nmtory \;maws-—Steo.m
Engines, Governors, Boilers, Locomotives, &c. 8vo. cloth, 125,

-
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Pioneer Engineering.

PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Countries. By EpWARD DossoN, Assoc. Inst. C.E., Author of
¢“The Art of Building,” &c. With numerous Plates and Wood
Engravings. Crown gvo. 105. 6d. [Fust published.
‘¢ A most useful handbook to engineering pioneers.”—/ron, Dec. 2, 1876.
“‘ The author’s experience has been tumecr to good account, and the book is likely
to be of considerable service to pioneer engineers.” Suilding News.

< Promises a great deal, and fulfils most of its promises. . . . . . Of use to the
colonial pioneering surveyor and engineer. '—Scolsman.

New Iron Trades Companion.

THE IRON AND METAL TRADES’ COMPANION:
Being a Calculator containing a Series of Tables upon a new and
comprehensive plan for expeditiously ascertaining the value of any
goods bought or sold by weight, from 1s. per cwt. to 112s. per
cwt., and from one farthing per pound to one shilling per pound.
Each Table extends from one pound to 100 tons ; to which are
appended Rules on Decimals, Square and Cube Root, Mensuration
of Superficies and Solids, &c. ; also Tables of Weights of Materials,
and other Useful Memoranda. By THoMAs DOWNIE. Strongly
bound in leather, 396 pp., price 9s.

‘“ A most useful set of tables, and will supply a want, for nothiog like them before
existed.”—Building News, Dec. 8, 1876.

“ We have tested the calculations at random and found them correct.”"—Colliery
Guardian, Dec. 1, 1876.

“ Will save the possessor the trouble of making numerous intricate calculations.
Although specially adapted to the iron and metal trades, the tables contained in this
handy little companion will be found useful in every other business in which mer-
chandise is bought and sold by weight.”—Raslrvay News, Dec. g, 1876.

Sanitary Work.

SANITARY WORK IN THE SMALLER TOWNS AND
IN VILLAGES. Comprising:—1. Some of the more Common
Forms of Nuisance and their Remedies ; 2. Drainage; 3. Water
Supply. A useful book for Members of Local Boards and Rural
Sanitary Authorities, Health Officers, Engineers, Surveyors,
Builders, and Contractors. By CHARLES SLAGG, Assoc, Inst. C.E.
Crown 8vo. cloth, price 5s. [Fust pudlished.

‘““Mr. Slagg has brought together much valuable information, and has a happy
lucidity of expression ; and he has been industrious in collecting data.”—d theneum.

““This is a very useful book, and may be safely recommended. . . . . The author,
Mr. Charles Slagg, has had practical experience in the works of which he treats.
There isa glreat deal of work required to be done in the smaller towns and villages,
and this little volume will help those who are willing to do it.”—Builder.

Steam Engine.

STEAM AND THE STEAM ENGINE, Stationary and Port-
able, an Elementary Treatise on. Being an Extension of Mr.
John Sewell’s Treatise on Steam. By D. KINNEAR CLARK,

C.E., M.I.C.E., Author of *‘Railway Locomotives,” &c. With
Illustrations. 12mo, cloth, 4s.

) o E'Er; ”e:entill part of the subject 1s treated of comretently, and in a popular

-~ .
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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 § plates. Royal 8vo, §s. cloth,
ConTeNTSs .—Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu-
lar bracing Loaded at centre ; Ditto, Loaded at qual di b supports ;
Ditto, uniformly Loaded; Calculation of the Strains om 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-
rtionments of Material to Strain; Comparison of different Girders; Proportion of
Ength to Depth of Girders ; Character of the Work ; Iron Roofs,

Construction of Ivon Beams, Pillars, &.
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, 12mo, cloth boards, 3s. 64. ; cloth limp, 2s. 6d.

¢ A very useful and thoroughly practical little volume, in every way deserving of
eirculation amongst working men.”—Mining Foxrnal.

“ No ironworker who wishes to acquaint himself with the principles of his own
trade can afford to be without it.”—Soutk Durkame 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. 12mo, cloth
boards, 3s. 64, i
“ 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 Ivon.

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., Asseciate of the
Royal School of Mines. With numerous Illustrations. Fourth
Edition, revised and much enlarged.  12mo, clotb boards, §s. 6d.
 Carefully written, it has the merit of brevity and i as to less imp

points, while all material matters are very fully and thoroughly entered into.”—
Standard. i i ey

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 Formulz 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 16s. cloth,
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Practical Tunnelling.

PRACTICAL TUNNELLING : Explaining in detail the Setting
out of the Works, Shaftsinking and Heading-Driving, Ranging
the Lines and Levelling under Ground, Sub-Excavating, Timbering,
and the Construction of the Brickwork of Tunnels with the amount
of labour required for, and the Cost of, the various portions of the
work. Bye%REDERICK WALTER SimMs, M. Inst. C.E., author
of *“A Treatise on Levelling.” Third Edition, Revised and Ex-
tended, with additional chapters illustrating the Recent Practice of
‘Tunnelling as exemplified by the St. Gothard, Mont Cenis, and
other modern works, by D. KiNNEAR CLARK, M. Inst. C.E.
Imp. 8vo, cloth, with 21 Folding Plates and numerous Wood
Engravings, price 30s. [(Fust published.

“ It is the only practical treatise on the great art of tunnelling. Mr. Clark’s work
‘rings the exigencies of tunnel enterprise up to our own time. The great length of

modern tunnels has led to a new difficulty in the art, which the last generation was

ignorant of, namely, the difficulty of ventilation. In Mr. Clark’s s%pcr ement we find
tﬂs branch of the subject has been fully considered. Mr. Clark’s additional chapters
on the Mont Cenis and St. Gothard Tunnels and valuable experiences
and data relating to the method of excavation by compressed air, the heading
operations, rock-boring machineuz‘; process of enlargement, ventilation in course of
c i p d air, labour and cost, &c.”"—Building News, Dec. 8, 1876.

“¢ The estimation in which Mr. Simms’ book on tunnelling has been held for over
thirty years cannot be more truly expressed than in the words of the late Professor
Ranl!ine :—* The best source of infc ion on the subject of tunnels is Mr. F. W,
Simms’ work on * Practical Tunnelling.” '— The Architect, Dec. 9, 1876.

Levelling.

A TREATISE on the PRINCIPLES and PRACTICE of
LEVELLING; showing its Application to Purposes of Railway
and Civil Engineering, in the (E,onstruction of Roads ; with Mr.
TeLFORD’S Rules for the same. By FREDERICK W. SIMMSs,
F.G.S., M. Inst. C.E. Sixth 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,
8s. 6d. cloth. *.* TRAUTWINE on Curves, separate, price §s.
“One of the most important text-books for the general surveyor, and there is
ly a i d with levelling for which a solution would be sought but
that would be satisfactorily d by Iting the volume.”—Mining ¥

g ournal.
¢¢ The text-book on levelling in most of our engineering schools and colleges.”—
Engineer.

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. PoLg, F.R.S., M. Inst. C.E., &c. & With 28 fine Plates,
8vo, 16s. 6d. cloth.

** A work like this, which goes thoroughly into the examination of the high-pressure
eerine, the boiler, and its appendages, &c., is exceed:wy useful, and deserves a place
in every scientific library,"—Steam Shigging Chronicle.
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Hydraulics.

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULZ
for finding the Discharge of Water from Orifices, Notches, Weirs,
Pipes, and Rivers, ith New Formule, Tables, and Generak
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,
‘Water Supply for Towns and Mill Power. By JOHN NEVILLE,
Civil Engineer, M.R.ILA. Third Edition, carefully revised, with
considerable Additions. Numerous Illustrations. Cr. 8vo, 14s. cloth.

¢ Undoubtedly an exceedingly useful and elaborate compilation.”—/ro.

““ Will prove alike valuable to students and engineers in practice; its study will
prevent the annoyance of avoidable failures, and assist them to select the readiess
means of successfully carrying out any given work ed with hydraulic en-
gineering.”—Mining _7oumaj. .

Strength of Cast [ron, &.

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 Ca.r%entrg,” &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 EpITOR. The whole Illustrated with 9 Engravings and
numerous Woodcuts, 8vo, 12s. cloth. )

*.* HODGKINSON’S EXPERIMENTAL RESEARCHES ON THR
STRENGTH AND OTHER PROPERTIES OF CAST IRON may be had
separately. With Engravings and Woodcuts, 8vo, price 6s. cloth.

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. Fourth Edition. 12mo,
cloth boards, 328 pages, price 6s.

““We regard Mr. Wilson'’s treatise as the best work on boilers which has come
under our notice, and we consider that all boiler makers and boiler owners should
give it a place in their libraries.”—Engineering.

““The best treatise that has ever been published on steam boilers.”—Engineer.

¢ A valuable contribution to the subject of steam boiler literature. . . . . . The

book is full of hints which the proprietor of a steam boiler would find it to his advan-
tage to know.”—7ron and Coal Trades Review.

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 3s. 6d.

¢ Each table is printed on a small card, which, being glaced 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

et—an arrangement that will recommend them to all practical men.”—ZEngineer.

“ 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 thenzun.
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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 JosErH BROADBENT, C.E., and FrRANCIS
CampIN, C.E. Cr. 8vo, oblong, ss. cloth.

“Creditable to both the authors and the publishers. . . . The way in which
accuracy is attained, by a simple division of each cross section into three elements,
two of which are constant and one variable, is ingenious.” —A tkewars .

‘* Likely to be of corsiderable service to engineers.”—Building News.

‘“ Cannot fail to come into general use.”—Mining FYournal.

““ These tables, which are clearly printed and easily arranged for reference, will be
found to facilitate the accurate determination of the quantities of earthwork in making
out estimates, "—Ernglisk Mechanic.

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. clot
with 14 folding Plates, and numerous Woodcuts.
““ A most useful and well arranged book for the aid of a student. . . . . (]
can strongly recommend it as a carefully-written and valuable text-book.”—Builder.
“Mr. %Iaskoll 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 ded to all stud who aspire to become clean
and expert surveyors.”—Mining Fournal.
Engineering Freldwork.
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 HaskoLy, C.E. Numerous folding Plates. Demy 8vo, 2
vols, in one, cloth boards, 1/ 1s. (published at 2/, 4s.)
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 Crédit Mobilier, Paris) TREATISE on COMPOUND IN-
TEREST and ANNUITIES, with LOGARITHMIC TABLES.
By WiLLiaM LINTERN, Mining and Civil Engineer. 12mo,
strongly bound in cloth boards, with four Plates of Diagrams,
Plans, &c., price 10s. 6d.
¢ Contains much valuable information given in a small compass, and which, as far
as we have tested it, is thoroughly trustworthy.”—J/70n 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."—SZandard.
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Fire Engincering.

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 of
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 1/. 4s. cloth.

“ We can most heartily commend thisbook. . . . . Itisreallythe only English

work we now have upon the subject.”—Engincering.
¢ We strongly recommend the book to th}': “ﬁicﬁ of A!'l i;ho are in any way in-

in fires, fire-engines, or fire-brig
Manual of Mining Tools.
MINING TOOLS. For the use of Mine Managers, nts,
Mining Students, &. By WILLIAM MORGANS, Lecturer on Prac-
tical Mining at the Bristol School of Mines. Volume of Text.
12mo. With an Atlas of Plates, containing 235 Illustrations. 4to,
Together, price 9s. cloth boards.

“ Students in the Science of Mining, and not only they, but subordinate officials in
mines, and even Overmen, Captains, Managers, and Viewers may gain psactical
kcn::wle,igoandunﬁalbimbythomldyof Mr. Morgans’ "— Colliery

* A very valuable work, which will tend ially to improve our mining litera-
ture."—Mining Fournal.

Common Sense for Gas-Users.

COMMON SENSE FOR GAS-USERS: a Catechism of Gas-
Lighting for Householders, Gasfitters, Millowners, Architects,
Engineers, &c., &c. By RoBERT WiLsoN, C.E., Author of “ A
Treatise on Steam Boilers.” Crown 8vo. sewed, with Folding
Plates and Wood Engravings, 2s. 6d. [Fust published.

Gas and Gasworks.
A TREATISE on GASWORKS and the PRACTICE of
MANUFACTURING and DISTRIBUTING COAL GAS.
By SamueL HucHEs, C.E. Fourth Edition, revised by W.
RicHARDs, C.E. With 68 Woodcuts, 12mo, cloth boards, 4s.

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, 12mo, 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. 12mo, cloth boards, with nume-
rous Illustrations, price 4s. 64.
¢ Every portion of the volume appears to have been prepared with much care, and
as an onl;{ne 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 Fournal.
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Field-Book for Engineers.

THE ENGINEER’S, MINING SURVEYOR'S, and CON-
. TRACTOR’S FIELD-BOOK. By W. Davis HasxoLL, Civil
En%fneer. 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 Squareonly; 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 Readi of the Instrument; Setting out Curves
without Theodolite on the System of Tanﬁential Angles by Sets of
Tangents and Offsets; and lgnhwork Tables to 8o feet deep, cal-
culated for every 6 inches in depth, With numerous wood-cuts,
12mo, price 12s. cloth,
o useful work for th i i .
en, . "z gineering field ,e pt_actw:lmmg!neer ‘t:ed i:lpr?ny:;ce o%suc ml:
an amount of valuable time which will be saved by reference to a set of reliable
uble”)npued with the accuracy and fulness of those given in this volume.”—Ras-
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

S he work forms & handsere pocker volumes ah ot fal, from § portabil
‘‘ The work forms a some pocket volume, and cannot fail, from its ity
and utility, to be ively patronised by the engineering profession.”—Mining
“We s gly d Mr. Haskoll’s ¢ Field Book’ to all classes of surveyors.”

—Colliery Guardian.
“‘ We know of no better field-book of reference or collection of tables than Mr.
Haskoll's."—Artizan.

Earthwork, Measurement and Caleulation of.

A MANUAL on EARTHWORK. By ALEX. J. S. GRAHAM,
C.E., Resident Engineer, Forest of Dean Central Railway. With
numerous Diagrams. 18mo, 2s. 64. cloth.

“‘ As a really handy book for reference, we know of no work equal to it; and the
railway engneersan others loyed in the ement and calculation of earth
work will find a great amount of practical information very admirably arranged, and
available for g 1 or rough esti as well as for the more exact calculations
required in the engineers’ contractor’s offices.”—A r#izan.

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, 15s. cloth.

Mathematical and Dyawing 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, with
numerous Cuts. I12mo, price 3s. 64. cloth,

——r e .
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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 §54 Estimates, and the Practice of Setting out Works,
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/ 125, 6d,

half-morocco. descend thel
** One of the very few works extant ending to the level of ordinary routine, and
treating on the eorl’;lmon evcty-da& ice of &e il i ... Awork of

the t nature by a man of Mr. Haskoll’s experience, must prove invaluable to
lmng::.:.ll The tables of esti ppend ‘tothxx’;el‘"' will ) bly enh
its value."—Eneginecering,

Mathematical Instruments, thery Construction, &e.
MATHEMATICAL INSTRUMENTS : THEIR CONSTRUC.
TION, ADJUSTMENT, TESTING, AND USE; comprising
Drawing, Measuring, Optical, Surveying, and Astronomical fnstru-
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, clot.ll: boards, price §s.

Drawing for Engineers, &e. ,
THE WORKMAN’S MANUAL OF ENGINEERING
DRAWING. By JoHN MaxXToN, Instructor in Engineering
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A.,
South Kensington. Third Edition, carefully revised. With upwards
of 300 Plates and Diagrams. 12mo, cloth, strongly bound, 4s. 6d.

“ Even plished d h 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.”—ZEngineering.

“ Indisp ble for hers of engineering drawing.”—Mechanics’ Magasis
Obligue Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of
OBLIQUE ARCHES. By JouN HarT. Third Edition, with
Plates. Imperial 8vo, price 8. cloth.

Obligue 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.
BArRLOW, M. Inst. C.E. Imperial 8vo, 12s. 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-Book for Marine Engineers.

A POCKET BOOK FOR MARINE ENGINEERS. Con-
taining useful Rules and Formulz in a compact form. By FRANK
PROCTOR, A.LN.A. Second Edition, revised and enlarged.
Royal 32mo, leather, gilt edges, with strap, price 4. :
“We r d it to our ders as going far to supply a long-felt want.”—

Naval Science. . i K
“ A most useful companion to all marine engineers.”—United Service Gasette.

«Scarcely anything required by a naval engineer appears to have been for-
gotten,—~Iron.

-
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Grantham's Iron Skip-Building, enlarged.

ON IRON SHIP-BUILDING ; with Practical Examples and
Details. . Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40
Plates (21 quite new), including the latest Examples. Together
with separate Text, 12mo, cloth limp, also considerably enlarged.
By Joun GRANTHAM, M. Inst. C.E., &c. Price 2/. 2s. complete.

¢« 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
intcrests to them, is treated with sober and impartial wisdom and good sense,
e . +« . Asgoodavol for i 3 oflheyurllorlmdento iron naval
architecture as can be found in any language.”~Practecal Meckanics'

‘A very elaborate work. . . . It forms a most valuable addition to the history
of iron shipbuilding, while its having been Erepa.red by one.who has made the subject
his study for many years, and whose qualifications have been repeatedly recognised,
will shipbuilding.”"~=d rasy

”

recommend it a3 one of practical utility to all interested in
and Navy Gasette. . . .
‘ Mr, Grantham's work isof great interest. . . . Itis also valuable as a record
of the prog of iron shipbuildi .+ It will, we are confident, command an
e circulati g ship in l. . . . Byorder of th¢ Board
of Admiralty, the work will form the text-book on which the examination in iron ship-
building of candidates for promotion in the dockyards will be mainly based.””—
Engineering.

Wealds Dictionary of Terms.

A DICTIONARY of TERMS used in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY,
ARCHAEOLOGY, the FINE ARTS, &c. By JoHN WEALE.
Fifth Edition, revised and corrected by RoBerT HUNT, F.R.S,,
Keeper of Mining Records, Editor of ¢ Ure’s Dictionary of Arts,”
&c, 12mo, cloth boards, price 6s.

** A book for the enlightenment of those whose memory is treacherous or education
deficient in matters scientific and industrial. The additions made of modern disco-
veries and knowledge are extensive. The result is 570 pages of concentrated essence
of elementary knowledge, admirably and systematically arranged, and presented in
neat and handy form.”"—/7or._ .

‘ The best small technological dictionn?' in the langnage.”—Arckitect.

‘“ A comprehensive and accurate compendium. Author, editor, and publishérs de-
serve high commendations. for producing such a useful work. We can warmly recom-
mend such a dictionary as a standard work of reference to our subscribers. Every
ironmonger should procure it—no engineer should be without it—builders and archi-
tects must admire it—metallurgists and archaologists would profit by it.”—{rvn-
manﬁ_zr.

“ The absolute accuracy of a work of this character can only be judged of after
extensive consultation, and from our examination it appears very correct and very
complete.”—Mining Fournal.

““There is no need now to speak of the excellence of this work ; it received the ap-
proval of the community long ago. Edited now by Mr. Robert Hunt, and published
in a cheap, handy form, it will be of the utmost service as a book of reference scarcely
to be exceeded in value.”—Scotsman.

Steam.
THE SAFE USE OF STEAM : containing Rules for Unpro-
fessional Steam Users. By an ENGINEER. Third Edition. 12mo.
Sewed, 6d.
N. B.—This little work should be in the hands of every person
kaving to deal with a Steam Engine of any kind.

¢ If steam-users would but learn this little book by heart, and then hand it to
their stokers to do the same, and see that the latter do it, boiler explosions would
become sensations by their rarity.”—English Mechanic,

| N
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ARCHITECTURE, &c. ;

Construction.

THE SCIENCE of BUILDING: An Elementary Treatise on

the Principles of Construction. By E. WyNDHAM TARN, ML.A.,

Architect. With 47 Wood Engravings. Demy 8vo. 8:. 6d. cloth,
¢ A very valugble book, which we strongly d to all students.”—Bxsidey.
¢ No architectural student should be without this hnnd~book ’—Architect,

“‘ An able digest of inforniation which is only to be found scattered through urious
works,”—Engineering.

Beaton s Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING
TRADES, being an easy method of estimating the various parts
of a Bulldmg collectively, more especially applied to Carpenters’
-and Joiners’ work, pnoed according to the present value of material
and labour. By C. BeaToN, Author of ‘Quantmes and
Measurements.” 33 Woodcuts. Leather. Waistcoat-pocket size. 2s.

Beaton s Builders and Surveyors’ Technical Gwide.
THE POCKET TECHNICAL GUIDE AND MEASURER
FOR BUILDERS AND SURVEYORS: containing a Complete
Explamation of thé Terms used in Building Construction, Memo-
randa for Reference, Technical Directions for Measuring Work in
all the Building Trades, &e., &c. By A. C. BEATON, Author of
¢ Quantities " and Mea.surements With 19 Woodeuts, Leather.
‘Waistcoat-pocket size. 25, ’

Vzl[a Awchitecture.”

A HANDY :BOOK .of VILLA ARCHITECTURE behg a

. Series of Designs for Villa Residences:in various Stylu. With

Detailed Specifications and Estimates. By C. WICKEs, Architect,

Author of “The Spires and Towers of the Medizval Churches of

England,” &c.  First Series, consisting of 30 Plates; Second

Series, 31 Plates, Complete in I vol. 4te, price 2/ "Ios. half

morocco. Either Series separate, price 1/. 7s. each, half morocco.

¢ 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, a.nd
amateurs,”—Building News.

House Painting.

HOUSE PAINTING, GRAINING MARBLING, AND

SIGN WRITING : a Practical Mannal of. With g Coloured

Plates of Woods and Marbles, ard nearly 150 Wood E;

By ELLIs A. DAVIDSON, Author of ‘Building Construcuon, &c
~ Second Edltlon, carefully revised. 12mo, 6s. cloth boards.

“Many persons in the trade may profit by a study of the chapters on the * Princi-
ples of Decorative Art,' and of what we may call the ‘lessons’ on drawing suitable
for sign painters, writers, and decorators. These chapters will be of considerable
value to the painter’s apprentices, while his journeymen will certainly be interested if
not benefited by their perusal. The book is freely illustrated, and has some coloured
plates of woods and marbles. It contains a mass of information of use to the amateur
and of value to the practical man.”—Englisk Mechanic.

“ Deals with the practice of painting in all its parts, from the grinding of colours
to varnishing and gilding.”—A»chitect.

» ¢ Carefully and lucidly written, and entirely reliable.”—Builders’ Weekly Re-
orter.
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A Book on Building.
A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL.
By Sir EDMUND BECKETT, Bart.,, LL.D.,, Q.C., F.R.A.S,,
Author of ‘Clocks and Watches and Bells,” &c. Crown 8vo,

cloth, with Illustrations, price 7s. 6d.

*¢ A book wluch is always amusing and nearly always instructive. Sir E. Beckett
will be read for the raciness of his style. We are able very cordlally to recommend
all ns to read it for themselves. “ The style throughout is in the highest degree

d and epigrammatic.” —7imes, Dec. 8, 1876.

“We commend !he book to the thoughtful consideration of all who are interested
in the buildin —Bwlder, Dec. 2, 1876.

¢ There is y a subject connected with either building or g on which
sensible a.nd pncual dlrecnons will not be found, the use of w] |ch ls pmhablx

~Daily New:, Nov 28, 1876 4 ’ i

Architecture, Ancient and Modern.
RUDIMENTARY ARCHITECTURE, Ancient and Modern.
Consisting of VITRUVIUS, translated by JosepH GWILT,
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 BuRry; The
PRINCIPLES of DESIGN in Architecture, by E. L. GARBETT.
In one volume, half-bound (pp. 1,100), copiously illustrated, 12s.

** Sold separately, in two vols., as follows—
ANCIENT ARCHITECTURE.’ Containing Gwilt's Vitruvius
and Aberdeen’s Grecian Architecture. Price 6s. half-bound.
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 Design, by G t. 6. half-bound.

Thke 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 GUIL-

_ LAUME, Architect. Numerous illustrations. 12mo, cloth boards, 4s.

““Will be found an acquisition to pupils, and a copy ought to be considered as
ecessary a purchase as a box of instruments,"—Arckztect.

i Contains a large amount of information, which young architects will do well to

#ume, if they wish to succeed in the everyday work of their profession.—English

Drawing for 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, 7s. 64. boards.

Builder's and Contractor's Price Book.
LOCKWOCD & CO.’S BUILDER’S AND CONTRACTOR’S
PRICE BOGK for 1877, containing the latest prices of all kinds
of Builders’ Materials and Labour, and of all Trades connected
with Building, &c., &c. The whole revised and edited by
Francis T. W. MILLER, Architect and Surveyor. Fcap. 8vo,

, strongly half-bound, price 4s.

L 4
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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 y, and
Skeletons of Specifications and Contracts, &c., &c. By Professor
THOMAS L. DONALDSON, M.I.B.A. With A REVIEW OF THE
LAw OF CONTRACTS. By W. CUNNINGHAM GLEN, of the
Middle Temple, With 33 Lithographic Plates, 2 vols., 8vo, 2/ 2s.

¢ In these two volumes of 1,100 pages (together), forty-four specifications of executed
are given, including the specifications for parts of the new Houses of Parliament,

works
Sir les Barry, and for the new R Exc e, Mr. Tite, M.P.
‘i" Idson’s H. f Specificati b:y‘d__‘ by b4 ”—‘Buildcr.

dbook o must

Taylor and Cresy's Rome.
THE ARCHITECTURAL ANTIQUITIES OF ROME, By
the late G. L. TAYLOR, Esq., F.S.A., and EDWARD CRESY, Esq.
New Edition, thoroughly revised, and supplemented under the
editorial care of the Rev. ALEXANDER TAYLOR, M.A. (son of
the late G. L. Taylor, Esq.), Chaplain of Gray’s Inn. This is
the only book which gives on a large scale, and with the precision
of architectural measurement, the principal Monuments of Ancient
Rome in plan, elevation, and detaill. Large folio, with 130 Plates,
half-bound, price 34 3s.

*y* Originally published in two volumes, folio, at 18/ 18s.

Spectfications 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 15s., cloth. (Published at 1/. 10s.)

*.* A volumeof specifications of a 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. 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. SimMoN, A.R.L.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. 64.

““In two {:ars it will repay its cost a hundred times over.”—Field. .

¢“ A very handy book for those who want to know what a house will cost to build,

alter, or re.pair."—Englidt Mechanic.
“‘ Especially valuable to non-professional readers.—Mining Fournal,

Useful Text-Book for Architects.
THE ARCHITECT’'S GUIDE : Being a Text-book of Useful
Information for Architects, Engineers, Surveyors, Contractors,
Clerks of Works, &c., &c. By FREDERICK ROGERS, Architect,
Author of ‘Specifications for Practical Architecture,” &, With
numerous Illustrations. Crown 8vo, 6s. cloth. [ Fust Published

)
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CARPENTRY, TIMBER, MECHANICS.

Tredgold's Carpentry, new 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 Ptopenia 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, &. By THOMAs TREDGOLD,
C.E. deted by PETER Barrow, F. R.S. Fifth Edition, cor-
rected and enlarged. With 64 Plates (11 of which now first appear
in this edition), Portrait of the Author, and several Woodcuts. In
1 vol, 4to, pubhshed at 2/, 2., reduced to 1/. §s., cloth.

h Ttedgold' Carpentry’ ought to be in every architect’s and every builder’s
Ii:nr[, and those who do not already possess it ought to avail themselves of the new
issue."—Buslder.

“A work whose i\ must d it wherever skilful car-
pentry is concerned.  The Author s principles are rather confirmed than impaired by
time, and, as now presented, combine the sarest base with the most mterestmsdlsplay

% progressive science. The additional plates are of great intrinsic value.”"—Building
ferws.

Grandy's 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, &c., &c. ;
together with Copious Information fore:ie Retailer and Builder.
SeconddEogtiom Carefully revised and corrected. 12mo, price

64.

“ Everything it pretends to be: built gradually, it leads one from a fa‘ﬁt toa
treenail, and throws in,asa makewelﬁ
cisterns, &c.—all that "the class to whom. it appeals requu'es "—E; 7:.:1: Mechanic.

“‘ The only difficulty we have isas to what is NoT in its pages. t we have mted
of the contents,taken at random, is invariably correct.”—/lxstrated Builder' s Fournal.

Tables for Packing-Case Makers.

PACKING-CASE TABLES ; showing the number of Superficial
Feet in Boxes or Packm%&:ascs from six inches square and
upwards. Compiled by WILLIAM RICHARDSON, Accountant.
Oblong 4to, cloth, pnce 3s. 6d.
““ Will save much labour and calculation to kers and those who use
packing-cases.”—Grocer. ¢ Invaluable labour snvmg tables.”"—Zronmonger.

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, gto, 1/ 1s. 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 WiILLIAM DOWSING,
Timber Merchant. Third Edition, Revised and Corrected. Crown

E8vo, 3s. cloth. ia by be made. Th be
¢ Everything is as concise and dear as.it can i e made. ere caxr be no

doubt dntevagy timber hant and build ougx? to 3 it”—Hudd 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,
Bpilders, and all Dealers in Wood whatsoever. By WILLIAM
RICHARDSON, Timber Broker. Crown 8vo, cloth, price Gs.

Horton's Measurer.
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 res%ective 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.
Third edition, with considerable and valuable additions, 12mo,

stronFly bound in leather, 5s.

“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 1 to 108 inches in breadth. For the use of Architects, Surveyors,
Engineers, Timber Merchants, Builders, &c. By JaMes Haw-
KINGS. Fcp. 35 6d. cloth.

Practical Timber Merchant.
THE PRACTICAL TIMBER MERCHANT, being a Guide
for the use of Building Contractors, Surveyors, Bailders, &c.,
comprising useful Tables for all purposes connected with the
Timber Trade, Marks of Wood, Essay on the Strength of Timber,
Remarks on the Growth of Timber, &c. By W. RICHARDSON.
Fcap. 8vo, 3. 6d., cloth. [Sust publisked.




20 WORKS IN MECHANICS, ETC,

The Mechanic's Workshkop Companion.
THE OPERATIVE MECHANIC'S WORKSHOP COM-
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC-
TICAL ASSISTANT. By WiLLiaM TEMPLETON. Twelfth
Edition, with Mechanical Tables for (?lpen.tive Smiths, Millwrights,
ineers, &c.; and an Extensive Table of Powers and Roots,

&c., &c. 11 Plates. 12mo, §s. bound.

““ As a text-book of refe e, in which hanical and ial d ds are
judiciously met, TEMPLETON'S COMPANION stands unrivalled.”—Meckanics’ M. ine.
* 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 t many

men who, in a great measure, owe their rise in life to this little work. "—Bx:i/ding News.
E ngineer’ s Assistant.
HE ENGINEER’S, MILLWRIGHT’S, and MACHINIST’S

PRACTICAL ASSISTANT ; comprising a Collection of Useful

Tables, Rules, and Data. Compiled and Arranged, with Original

&’i"ttf" by WiLLiAM TEMPLETON. 5th Edition. 18mo, 2s. 64.
of

¢So much varied information compressed into so small a space, and published at a

price which places it within the reach of h t fail to com-
mand the sale which it deserves. With the fid we d this book
to the attention of our readers.—Meckanics’ Magazine. .

A more suitable p: to an apprentice to any of the mechanical trades could not

possibly be made.'—Building News.

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-
“7~._ ments. By E. WynNDHAM TARN, M.A,, 8vo, 10s. 64. cloth.
*1 We have failed to discover anything connected with the building trade, from ex-
cavuting foundations to bell-h that is not fully treated upon.”—Tke Artisaxn,
¢ 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
have especially augmented its value to students,”—ZEngineering.

Plumbing.
PLUMBING ; a text-book to the practice of the art or craft of the
plumber. 'With supplementary chapters upon house-drainage, em-
bodying the latest improvements. By WiLL1AM PATON BUCHAN,
Sanitary Engineer. 12mo. cloth, with about 300 illustrations.
Price 35. 6. Just Published.
““There is no other manual in existence of the plumber’s art; and the volume will
be welcomed as the work of a practical master of his trade.”—Public Health.
“ The chapters on house-drainage may be use{uly consulted, not only by plumbers,
bu&ﬁsgozicngingep and all engaged or i e ilding.”—7

in house-b —ron.
alarge of practical information, put together in a very
intelligent manner, by one who is well qualified for the task.”—C7ty Press,
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MATHEMATICS, &c

Gregory's Practical Mathematics.
MATHEMATICS for PRACTICAL MEN ; being a Common-
fhoe Book of Pure and Mixed Mathematics. Designed chiefl
or the Use of Civil Engineers, Architects, and Surveyors. Part 1.
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
iozious Logarithmic and other Tables. By OLINTHUS GREGORY,
.D., F.R.A.S. Enlarged by HENRY LAaw, 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,” &. With 13 Plates. Medium 8vo, 1/ 1s. cloth,

““ As a standard work on mathematics 1t has not been excelled."—A r#izasn.

“* The engineer or architect will here find ready to his hand, rules for solving nearly
every mathematical difficulty that may arise in his practice. The rules are in all cases
explame’d means of examples, in which every step of the process is clearly worked
out.”—. J

““One of the most serviceable books to the practical mechanics of the country.
...... In the edition just brought out, the work has again been revised by
Professor Young. He has modernised the ion throughout, introduced a few

phs here and there, and corrected the mumerous typographical errors which

ve escaped the eyes of the former Editor. The book is now as complete as it is

ble to make it. It is an instructive book for the student, and a Text-

for him who having once mastered the subjects it treats of, needs occasionally to
refresh his memory upon them.”—Bwilding 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,”—A? .
“ Their accuracy has been certified by Prof. Airy, A -Royal.”— Builder.
*“ Reselution 8.—That ad age will be derived from the recent publication of
Metric Tables, by C. H. Dowling, C.E.”—Regort of Section F, Brit. Assoc., Bath.

Comprehensive Weight Calculator.

THE WEIGHT CALCULATOR; being a Series of Tables
upon a New and Comprehensive Plan, exhibiting at one Reference
the exact Value of any Weight from 1lb. to 15 tons, at 300 Pro-
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con-
taining 186,000 Direct Answers, which with their Combinations,
consisting of a single addition (mostly to be performed at sight),
will afford an aggregate of 10,266,000 Answers ; the whole being
calculated and designed to ensure Correctness and promote
Despatch. By HENRY HARBEN, Accountant, Sheffield, Author
of ‘The Discount Guide.” An entirely New Edition, carefully
revised. Royal 8vo, strongly half-bound, 30s. [ Fust Published.

F
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Comprekensive Discount Guade.

THE DISCOUNT GUIDE : comprising several Series of Tables
for the use of Merchants, Manufacturers, Ironmongers. and others,
by which may be ascertained the exact profit arising from any mode
of using Discounts, either in the Purchase or Sale of Goods, and

the method of either Altering a Rate of Discount, or Advancmg a
Price, so as to roduce, by one operation, a sum that will realise
any required profit after allowing one or more Discounts : to which
are added Tables of Profit or Advance from 1} to 9o cent.,
Tables of Discount from 14 to 98% per cent., and Tables of Commis-
sion, &c., from } to 10 per cent. By HENRY HARBEN, Accountant,
Author of ““The Weig Ke Calculator.” New Edition, carefully Re-
vised and Corrected. In a handsome demy 8vo. volume (544 pp.),
strongly and elegantly half-bound, price £1 5s. [Fust publisked.

Inwood’s Tables, greatly enlavged and improved.

TABLES FOR THE PURCHASING of ESTATES, Freehold,
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the
Renewing of Leases held under Cathedral Churches, C , or
other coworate 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 Extenslon of the same to Lower and Intermediate
Rates. By WILLIAM INwWoOD, Architect. The 20th 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&por THOMAN, of the Société
Crédit Mobilier of Paris. 12mo, 8. cloth.

“‘ Those interested in the purchase and sale of mtes, and in the adjustment of
compensation cases, as well as in tr , &c., will
find the present edition of cminent service.”—.

“ ¢ Inwood’s Tables’ still maintain a most envia e re utat.\on The new issue has been
enriched by large additional contributions b Fpédor Thoman, whose carefully
arranged Tables of Logarithms for the more 1ﬂ‘|cult Computations of the Interest of

Money, Di , A ies, &c., fail to be of the utmost utility.”—Mining
Fournal.

Geometry for the Architect, Engineer, &'c.
PRACTICAL GEOMETRY, for the Architect, Engineer, and
Mechanic ; giving Rules for the Delineation and Application of
various Geometrical Lines, Fi ‘gures and Curves. By E. W. TARN,
M.A., Architect, Author of * The Science of Building,” &.
‘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 F&DOR THOMAN, of the Société Crédit Mobilier,
Paris. 12mo, cloth, §s.

“A very powerful work, and the Author has a very remarkable command of his
sub jeet.”—Professor A. de Morgan.
“We recommend it to the notice of actuaries and Atk
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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/ 10s.

“A pendious encyclopzdia of military knowledge."—ZEdinburgh Review.

*¢ The most comprehensive work of ref to the military and collateral sciences.”
—Volunteer Service Gasette.
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 12 Plates, price 12s. complete.

Field Fortification.

HANDBOOK OF FIELD FORTIFICATION, intended for
the Guidance of Officers preparing for Promotion, and especially
adapted to the requirements of Beginners. By Major W. W.
KnoLrys, F.R.G.S., 93rd Sutherland Highlanders, &c. With
163 Woodcuts. Crown 8vo, 3s. 6d. cloth.

Storms.

STORMS : their Nature, Classification, and Laws, with the
Means of Predicting them by their Embodiments, the Clouds.
By WiLLIAM Brasius. With Coloured Plates and numerous
Wood Engravings. Crown 8vo, 10s. 6d. cloth boards.

Light-Houses. :
EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of
a Tour of Inspection made in 1873. By Major GEORGE H.
ErLrot, Corps of Engineers, U.S.A. Illustrated by 51 En-
gravings and 31 Woodcuts in the Text. 8vo, 21s. cloth,

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 7s. 64.
“A complete encyclopzdia of the maferia tinctoria. The information given
respecting each article is full and precise, and the methods of determining the value

of articles such as these, so liable to sophistication, are given with clearness, and are
practical as well as valuable.”—Ckemist and Druggist.
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Electricity. ‘
A MANUAL of ELECTRICITY ; including Galvanism, Mag-
netism, Diam;gnetism, Electro-Dynamics, Magno-Electricity, and
the Electric Telegraph. By HeNrY M. Noap, Ph.D., F.C.S,,
Lecturer on Chemistry at St. George’s Hospital. Fourth Edition,
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, 1/ 4s. cloth.

*‘ The dations already b ed in the of the LZawcet on the former
edmf’e‘lmofthh:o‘rﬁmmon ::Tt ’l‘ e p ot Theb“ lnc'a
of electricity an vanism are not only complete in a scientific sense, but, which is a
rarer t.hmgf’m popular and inmﬁng.”—z’zmt.

Zext-Book of Electricity.
THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By
HENRY M. Noap, Ph,D., Lecturer on Chemistry at St. George’s
Hospital. New Edition, revised and enlarged, with additions on
Telegraphy, by G. E. PREECE, Esq. Upwards of 400 Illustrations.

[ Preparation.
Rudimentary Magnetism.
RUDIMENTARY MAGNETISM : being a concise exposition
of the Cieneral principles of Maﬁneﬁal Science, and the purposes
to which it has been applied. Sir W. SNow HARrris, F.R.S.
New and enl ition, with considerable additions by Dr.
Noap, Ph.D. ith 165 Woodcuts. 12mo, cloth, 4. 64.
“‘ As concise and lucid an exposition of the ph of magnetism as we beli
itis ible 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 si and readabl
Y Fhere 1 a good indes, aod this volume of be considered the best
18 d
There is 2 good index, ume of 452 pages may be oo .

P on of mag
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 on Chemical Analysis.” New Edition. Enlarged, and
to a great extent re-written, by HENRY M. Noap, Ph. D., F.R.S.
With numerous Illustrations. Cr. 8vo, 12s. 64. cloth.

““We recommend this book to the careful perusal of every one; it may be truly
affirmed to be of universal interest, and we strongx recommend it to our readers as a
guide, alike indispensable to the h vife as to the phar ical practiti —
Medical Times.

“Will be found to be essential to the analysts appointed under the new Act. . . .
In all cases the most recent results are given, and the work is well edited and care-
fully written.”—Nature.

Mollusca.

A MANUAL OF THE MOLLUSCA ; being a Treatise on
Recent and Fossil Shells. By Dr. S. P. WoobwARrD, A.L.S.
With Appendix by RALPH TATE, A.L.S. F.G.S. With numer-
ous Plates and 300 Woodcuts. Third Edition. Crown 8vo, 7s. 6d.
cloth gilt.
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Clocks, Watches, and Bells.

RUDIMENTARY TREATISE on CLOCKS, and WATCHES,
and BELLS. By Sir EDMUND BECKETT, Bart. (late E. B.
Denison), LL.D., Q.C., F.R.A.S., Author of ‘¢ Astronomy with-
out Mathematics,” &c. Sixth edition, thoroughly revised and
enlarged, with numerous Illustrations. Limp cloth (No. 67,
‘Weale’s Series), 4s. 64.; cloth boards, §s. 6.

¢ As a popular and practical treatise it isunapproached.”—English Mechanic.

““ The best work on the subject probably extant So far as we know it has no com-
petitor worthy of the name. The treatise on bells is undoubtedly the best in the lan-
guage. It shows that the author has contributed very much to their modern improve-
ment, if indeed he has not revived this art, which was decaying here, Tocall ita
rudimentary treatise is a misnomer, at least as respects clocks and bells. It is some-
thing more. It is the most important work of its kind in English.”—Zngincering.

““The onlv modern treatise on clock-making.” —&Horological Fournal.

““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 hiswork. The chapter on bells is smi\.ﬂar and amusing, and
will be a real treat even to the uninitiated general reader. e illustrations, notes,
and indices, make the work completely perfect of its kind.”— Standard.

““There is probably no buok 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 by the eminent Parliamentary Counsel, Mr. E. B. Deni now Sir Edmund
Beckett, »—Architect.

Gold and Gold-Working.

THE PRACTICAL GOLD-WORKER; or, The Goldsmith’s
and Jeweller's Instructor. The Art of Alloying, Melting, Re-
ducing, Colouring, Collecting and Refining. The processes of
Manipulation, Recovery of Waste, Chemical and Physical Pro-
%erties of Gold, with a new System of Mixing its Alloys ; Solders,
namels, and other useful Rules and Recipes, &c. By GEORGE
E. GEE. Crown 8vo, cloth, 7s. 64. [Now Ready.
“A good, sound, technical educator, and will be generally accepted as an
authority. It gives full particulars for mixing alloys and enamels, is essentiallya book
for the workshop, and exactly fulfils the purpose intended.”—Horological Fournal.
“ The best work yet printed on its subject for a reasonable price. We have no
doubt that it will speedily become a standard book which few will care to be with-
out.”:-}'rweller and Mztalu:orb:r.
Science and Scripture.
SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT; being a Series of Essays on—I.
Alleged Discrepancies; 2. The Theory of the Geologists and
Figure of the l?arth; 3. The Mosaic Cosmogony ; 4. Miracles in
eneral—Views of Hume and Powell ; 5. The Miracle of Joshua—
iews of Dr. Colenso: The Supernaturally Impossible ; 6. The
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.
s D:snnl}mshed by the true spirit of scientific inquiry, by great knowledge, by keen
ity,

logical ab and by a style peculiarly clear, easy, and energetic.”—Nonconformist.
g} No‘one can l}l!e rom’?ts gfmsax 'witgoutt; }):in 1 impr with a sense of the sin-
\ o d P ’—Ba, agine.
“A valu.able conttibu.don to conu-overs‘n{ theolo:i‘al literature,”—Csty Pyess,
Practical Philosophy.

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev.
OHN CARR, M. A., late Fellow of Trin. Coll.,, Cambridge. Second
ition, 18mo, §s. cloth. :
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DR. LARDNER'S POPULAR WORKS.

Dyr. Lardner's Museum of Science and Awrt.
THE MUSEUM OF SCIENCE AND ART. Edited by
DiIoNYsIUs LARDNER, D.C. L., formerly Professor of Natural Phi-
losophy and Astronomy in University College, London. With up-
wards of 1200 Engravings on Wood. In 6 Double Volumes.
Price 41 1s., in a new and elegant cloth binding, or handsomely
bound in half morocco, 31s. 64.

“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 Davia
Brewster in the Novth 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.”—ZExaminer.

*> Scparate books formed from the above, suitable for Workmen's
Lsbraries, Science Classes, &.

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire,
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and
‘Watches, &c. 233 Illustrations, cloth gilt, §s.

THE MICROSCOPE. Containing Optical Images, Magnifying
Glasses, Origin and Description of the Microscope, Microscopic
Objects, the Solar Microscope, Microscopic Drawing and Engrav-
ing, &c. 147 Illustrations, cloth gilt, 2s.

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 64,

POPULAR PHYSICS. Containing Magnitude and Minuteness, the
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog-
nostics, the Thermometer, the Barometer, Sound, &c. 85 Tllus-
trations, cloth gilt, 2s. 6d.

STEAM AND ITS USES. Including the Steam Engine, the Lo-
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s.

POPULAR ASTRONOMY. Containing How to Observe the
Heavens. The Earth, Sun, Moon, Planets. Light, Comets,
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 6d.

THE BEE AND WHITE ANTS: Their Manners and Habits.
With Illustrations of Animal Instinct and Intelligence. 135 Illus-
trations, cloth gilt, 2s.

THE ELECTRIC TELEGRAPH POPULARISED. To render
intelligible to all who can Read, irrespective of any previous Scien-
tific Acquirements, the various forms of Telegraphy in Actual
Operation. 100 Illustrations, cloth gilt, 1s. 6d.

Scientific Class-Books, by Dr. Lardner.

NATURAL PHILOSOPHY FOR SCHOOLS. By DR. LARDNER.
328 Illustrations, Fifth Edition. 1 vol. 3s. 64. cloth.

‘“ Conveys, in clear and precise terms, general notions of all the principal divisions
of Physi Scienee."—Bﬂ!;i:/t Quarterly Revie P pal

eview.
ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. LARDNER.
With 190 Illustretions. Second Edition. I vol. 3s. 6. cloth.
*‘ Clearly written, well arranged, and excellently illustrated."—Gardeners’ Chronicle.
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DR. LARDNER'S SCIENTIFIC WORKS.

A stronomy.
THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited
by EpwiN DUNKIN, F.R.S., Rl. Observatory, Greenwich. With
38 plates and -upwards of 100 Woodcuts. Cr. 8vo, 9s. 6d. cloth.

““Probably no other book contains the same amount of information in so com-
pendious and well-arranged a form.”—A thenzum.

Animal Physcs.
THE HANDBOOK OF ANIMAL PHYSICS. With 520

Illustrations. New edition, small 8vo, cloth, 7s. 64. 732 pages.
““ We have no hesitation in cordially recommending it.”—ZEdwucational Times.

Electric Telegraph.

THE ELECTRIC TELEGRAPH. New Edition. ByE. B.
BRIGHT, F.R.A.S. 140 [llustrations. Small 8vo, 2s. 6d. cloth.
““One of the most readAble books extant on the Electric Telegraph.”—Eng. Mechanic.

LARDNER'S COURSE OF NATURAL PHILOSOPHY.

Mechanics. '

THE HANDBOOK OF MECHANICS. Enlarged and almost
rewritten by BENJAMIN LoEwy, F.R.A.S. With 378 Illustra~
tions. Post 8vo, 6s. cloth.

““The perspicuity of the original has been retained, ' and chapters which had
become obsolete, have been replaced by others of more modern character. The
explanations throughout are studiously popular, and care has been taken to show
the application of the various branches of physics to the industrial arts, and to
the practical business of life."-—Mining Fournal.

Heat.

THE HANDBOOK OF HEAT. Edited and almost entirely
Re-written by BENJAMIN LoEwy, F.R.A.S. etc. 117 Illustra-
tions. Post 8vo, 6s. cloth. [Fust published.
“The style is always clear and precise, and conveys instruction without leaving
any cloudi or lurking doubts behind.”"—Engineering.
Hydrostatics and Pnreumatics.
THE HANDBOOK of HYDROSTATICS and PNEUMATICS.
New Edition, Revised and Enlarged by BENJAMIN LoOEWY,
F.R.A.S. With 236 Illustrations. Post 8vo, §s. cl. [ Fust published.
““ For those ‘ who desire to attain an accurate knowledge of physical science with-

out the profound methods of mathematical investigation,’ this work is not merely in-
tended, but well adapted.”—Clentical News.

Electricity, Magnetism, and Acoustics.
THE HANDBOOK of ELECTRICITY, MAGNETISM, and
ACOUSTICS. New Edition. Edited by GEo. CAREY FOSTER,
B.A., F.C.S. With 400 Illustrations. Post 8vo, §s. cloth.”
““ 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
wark to the present state of scientific fmowledge. "—Popular Science Review.

Optics.
THE HANDBOOK OF OPTICS. New Edition. Edited by
T. OLVER HARDING, B.A. 298 Illustrations. Post 8vo, §s. cloth.

“‘ Written by one of the ablest English scientific writers, beautifully and elaborately
illustrated.”—Meckanic's Magazine.

** The above § Vols. form A COMPLETE COURSE OF NATURAL
PHILOSOPHY.




~

28 + WORKS IN SCIENCE AND ART, ETC,,

Geology and Genesis Harmonised.
THE TWIN RECORDS of CREATION; or, Geol and
Genesis, their Perfect Harmony and Wonderful Conco By
GEORGE W. VicTorR LE Vaux. With numerous Illustrations.
Fcap. 8vo, price 5s. cloth.
* We can recommend Mr. Le Vaux as an able and interesting guide to a popular
app iation of geological "—Sgectator. .
“The author b d ad with an unbounded
admiration of the Written Record."—London R eview.
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. I2mo, 25,

Geology, Historical.
HISTORICAL GEOLOGY. (Partly based on Major-General
Portlock’s Rudiments of Geology.) By RALPH TaTEk, A.L.S.,
F.G.S. Numerous Woodcuts. 12mo, 2s. 64.
*." Or PHYSICAL and HISTORICAL GEOLOGY, douna in One
Volume, price 5s.

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. 64.
“The handicraft of the wood-carver, so well as a book can impart it, may be learnt
O real st ™ et e lete.”—L iterary Churchm
tl . comple! —AL 3 f oga
. Thre dir’:c:i‘onsagivm are pl:ll:nv:z'l as’iy understood, ?nd it form:’: wvery 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 Timss, F.S.A. Second Edition, revised and
enl With Frontispiece and Vignette, In small 8vo, 6s. cloth.
* This Work has been adopted as a Prize-book in the Schools of
Art at South Kensington,

¢ A work that may be ad geously lted. Much may be learned, even by
those who fancy they do not require to be taught, from the careful perusal of this

ding but comprehensive treatise.”—Ar¢ Fournal.

“ A valuable book, which supplies a want. It contains a amount of original
matter, agrecably 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 book,
and augur for it an increasing reputation.”—Bwilder.

Grammar of Colouring.
A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By GEORGE FIELD. New edition, en-
larged and adapted to the use of the Ormamental Painter and
Designer, by ELLIs A. DAVIDSON. With new Coloured Diagrams
and numerous Engravings on Wood. 12mo, 3s. cloth boards.

“‘One of the most useful of student’s books, and probably the best known of the
few we have on the subject.”—Architect.

¢ The book is & most useful 7¢susmé of the properties of pigments.”—Buildes.

¢ This treatise forms a most valuable vade for the 1 pail
designer.”"—Scotsman.

and
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Delamottes Wortes 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 9s. 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. ded to the student,
which, with much good sense, the author chooses from collections accessible to all, are

with judgment and knowledge, as well as taste.”—A tkenzum.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIZAVAL ;
from the Eighth Century, with Numerals ; including Gothic,
Church-Text, large and small, German, Italian, Arabesque, Initials
for Illumination, Mono; s, 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 wiﬁ-be useful.”—A thenaum.

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 Origi
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 in the ion of the various plain and ornamental letters is
wounderful.”—S’andard.

MEDIAVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. DELAMOTTE, Illuminator, Designer, and
Engraver on Wood. Containing 21 Plates, and Illuminated Title,

rinted in Gold and Colours. With an Introduction by J. WiLLIS
ROOKS. 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
welr selected and cleverly arranged.”—Swu»n. e

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials,
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias-
tical Devices, Medizval and Modern Alphabets, and National
Emblems. Collected and engraved by F. DELAMOTTE, and
printed in Colours. Oblong royal 8vo, 2. 64. in ornamental boards.
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AGRICULTURE, é&c.

Youatt and Burn's Complete Grazier.
THE COMPLETE GRAZIER, and FARMER'S and CATTLE-
BREEDER’S ASSISTANT. A Compendium of Husbamdry.
By WiLLiAM YouaTT, EsqQ., V.S. 1r1th Edition, enlarged by
ROBERT ScoTT BURN, Author of ““The Lessons of My Farm,” &c.
One large 8vo volume, 784 pp. with 215 Illustrations. 1/ Is. half-bd.
* The standard and text-book, with the farmer and grazier.”—Farmer’s Magasine
‘A treatise which will remain a standard work on the subject as long as British
agriculture endures.”—.ark Lane Express.
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.
Fep. 8vo, 366 pp., price 6s. cloth.
““ The book is decidedly the best of the kind in our language.”—Scotsman.
¢ 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

Hum; , Rawlence, Howard, and others.”"— Hampshire Advertiser.
“ The work should be in possession of every flock-master.”"—Banbury Guardiar.

Scott Burr's System of Modern Farming.
OUTLINES 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,

rofusely illustrated, price 12s.
““There is sufficient stated within the limits of this treatise to prevent a farmer
from going far wrong in any of his operations.”—Observer.

Hortor'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. 12mo. 2s. strongly bound in leather,

Good Gardening.
A PLAIN GUIDE TO GOOD GARDENING; or, How to
Grow Vegetables, Fruits, and Flowers. With Practical Notes on
‘Soils, Manures, Seeds, Planting, Laying-out of Gardens and
Grounds, and on the various kinds of Garden Structures. By
SAMUEL Woop (late gardener to Sir B. P. Wrey, Bart.), Author
of ¢ Gardening for the Cottage.” Second Edition, with very con-
siderable Additions, &c., and numerous Illustrations. Crown 8vo,
" PP- 416, cloth elegant, price §s.
“ A very qo‘f)_d book, :nr:l one to l;::: I;}g‘lzly recommended as a practical guide.
A tlwrou(hli useful guidebook for—t;)e d who want to mal
his plot of land not merely pretty, but useful and p.&’ﬁmble."-paz%”namﬂ. ke
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Ewarts Land Improver’s Pocket-Book.
THE LAND IMPROVER’'S POCKET-BOOK OF FOR-
MULZ, TABLES, and MEMORANDA, required in any Com-
putation relating to the Permanent Improvement of Landed Pro-
erty. By JOHN EWART, Land Surveyor and Agricultural Engineer.
oyal 32mo, oblong, leather, gilt edges, with elastic band, 4s.

¢‘ Admirably calculated to serve its purpose.”—Scotsman,
““ A compendious and handy little volume.” —Sgectator.

Hudson's Tables for Land Valuers.

THE LAND VALUER'S BEST ASSISTANT : being Tables,
on a very much improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial
Customary Acres to Statute Measure ; also, Tables of Square Mea-
sure, and of the Dimensions of an Acre by which the Contents
of any Plot of Ground may be ascertained without the eernse of
a regular Survey; &c. By R. HupsoN, C.E. New Edition,
royal 32mo, oblong, leather, gilt edges, with elastic band, 4.

¢ Of incalculable value to the country gentl and professional man.”"— 5% 'S

Fournal.

Complete Agricultural Surveyor's Pockel-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, 7s. 64.

BF 7%e above forms axn unegwalled and most comperndions Pocket
Vade-mecum for the Land Agent and Agricultural Exgiseer.

“‘ 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 combinatian 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 intemded.”—
North of England Farmer.

The Management of Estales.
LANDED ESTATES MANAGEMENT : Treating of the
Varieties of Lands, Peculiarities of its Farms, Methods of Farming,
the Setting-out of Farms and their Fields, Construction of Roads,
Fences, Gates, and Farm Buildings, of Waste or Unproductive
Lands, Irrigation, Drainage, Plantation, &c. By R. ScoTT BURN,
Fcp. 8vo. numerous Illustmtit.)ns, 35., 64. . [Now Ready.

Scott Burr'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, Poaitry,
and Pigs, and in the Keeping of Farm-work Records. By ROBERT
Scort BURN. With numerous Illustrations. Fcp. 6s. cloth.

3 ‘;IA most complete introduction to the whole round of farming prastiee.”— Foks

LIS . N

The Laws of Mines and Mining Compantes.

- A PRACTICAL TREATISE on the LAW RELATING to
MINES and MINING COMPANIES. By WHITTON ARUN-
DELL, Attorney-at-Law. Crown 8vo, 4s. cloth.
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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. 14th Edition,
Revised to the end of last Session. Including a Summary of the
Judicature Acts, and the principal Acts of the past Session, viz.
—The Act for Amending the Law Relating to Crossed Cheques,
The Merchant Shipping Act, The Vivisection or Cruelty to
Animals Amendment Act, The Rivers’ Pollution Prevention Act,
The «Wild-Fowl Preservanon Act, &c., &c. With Notes and
References to the Authorities. Crown 8vo, price 6s. 8a’ (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 PRACTICER—
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— Executorsand 'lel:sw—Guudnn
and Ward—Married Women and Infants—Partners and Agents—Lender and
Borrowa-—Debtor and Creditor—Purchaser and Vendox—Companl:)e: and Asso-

Fri Clergymen, Ch
&c.—Bank —C Stock and Share Btokers—Sportsmen

a.nd Gamekecpers—l"amers and Hone-Daleu—-Aucnoneers. House-A| ents-
and Carriers, &c.

“No Engluhman ought to be mthout lhu book."—En{me
“ What it profe to be—a itome of the laws of this country, thoroughly
lntelhgi'hle to non-profemonal mJers. "—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, enla.rged, by C. Non.ls. Royal 32mo, cloth, 51;.
ble and

‘A neat
amnged list of yru:es for mventones, and a very pmcnml guide to determme the

value of furniture, &c.”—S/andard.

Pawnbroker's Legal Guide.
THE PAWNBROKER'’S, FACTOR’S, and MERCHANT’S
GUIDE to the LAW of LOANS and PLEDGES. By H. C.
FoLKARD, Esq., Barrister-at-Law, Author of the ¢‘ Law of Slander
and Libel,” &c. With Additions and Corrections to 1876. 12mo,
cloth boards, price 3s. 6d.

House Property.

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac-
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory
Sale of Houses and Land ; including the Law of Dilapidations and
Fixtures; with Ex lanations and Examples of all kinds of Valua-
tions, and useful In?ormatlon and Advice on Building. By EDWARD
Lance TARBUCK, Architect and Surveyor 12mo, 5s. cloth boards.

«We are glad to be able to r d it.” .
“ The advice is thoroughly practical.”"—Zaw Yournal.

Bradbury, Agnew, & Co., Printers, Whitefriars, London.




TWeales Fubimentary Sevies

PHILADELPHIA, 1876.
THE PRIZE MEDAL

‘Was awarded to the Publishers for
Books : Rudimentary Scientific,

“WEALE'S SERIES,” ETC.
A NEW LIST OF

WEALE’S SERIES

'RUDIMENTARY SCIENTIFIC, EDUCATIONAL,

AND CLASSICAL.

N.B.—In ordering from this List it is vecommended, as a means of facilitating -
business and obvialing error, lo guote the numbers aﬁxtd 2o the volumes, as well 43
the titles and fnce:

* The books are bound in limp cloth, unless otherwise stated.

RUDIMENTARY SCIENTIFIC SERIES.

ARCHITECTURE, BUILDING, ETC.

No.

16. ARCHITE CTURE—ORDERS—Ihe Orders and their Asthetic
Principles. ‘W. H. Leeps. Illustrated. 1s, 6d.

17. ARCHITE CT URE—STYLES—The History and Description of
the Styles of Archltecture ot Various Countries, from the Earliest to the
Pment Period. T. TaLsor Bury, F.R.I.B. A., &c. Illustrated. 2s.

ORDERS AND STYLES Or ARCHITECTURE, 172 One Vol., 3s. 6d.

18. ARCH]TEC TURE—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 )rendmg Works, in One handsome Vol., half bound, entstled
‘ MODERN ARCHITECTURE,”’ Price 6s.

22, THE ART OF BUILDING, Rudiments of General Principles
of Construction, Materials used 1n Building, Strength and Use of Materials,
Workmg Drawm% , Specifications, and Estimates. By EpDwWARD Donsou.

llustrated. 2s.

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac-
ture of ; containing an Outline of the Principles of Brickmaking. By Epw.
Donson,M R.I.B.A. With Additions by C. Tomrinson, F.R.S. llﬁxstrated 3s.

CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, E.C.f
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Architecture, Building, etc., continued.
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 lgrid es, and
Roman and Gothic Vaulting, are concisely explained. By Epwarp Dosson,
M.R.1.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, Béton, Pile-driving, Caissons, and
Cofferdams. By E. Dosson, M.R.I.Q.A., &c. Fourth Edition, revised by
Georce Doop, C.E. Illustrated. 1s.6d.

42. COTTAGE BU/LDING. By C. BrRuck ALLEN, Architect.

Eleventh Edition, revised and enlarged. Numerous Illustrations. 1s.6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,
PLASTERING, &c. By G. R. Bur~zir, C.E. Ninth Edition. 1s. 6d.

§7. WARMING AND VENTILAT/ON, a Rudimentary Treatise
on; being a concise Exposition of the General Principles of the Art of Warm-
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses,
Ships, &c. By CuArres Tomrinson, F.R.S., &c. Illustrated. 3s.

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the
Papers of A. C. Hosss, 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 SAres by RoBerT MaLLeT, M.I.C.E. Illus. 2s.6d.

111. 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 BLanp. Illustrated. 1s.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 1. ROoGER SMirH, M.?(.I.B.A., Architect. Illustrated. 1s.6d.

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards
Carpentry and Joinery. Deduced from the Works ot RoBisoN, Pricg, and
TrepcoLp. Illustrated. 1s. 6d.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.
By T. A. RicCHARDSON, Architect. Illustrated. 1s. 6d.

128. VITRUVIUS— THE ARCHITECTURE OF MARCUS
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by
Josepn Gwirt, F.S.A.,, F.R.A.S. With 23 Plates. 5s.

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles
of Beauty in; with a Historical View of the Rise and Progress of the Art in
Greece. By the EARL OF ABERDEEN. 1Is.
®.* The two Preceding Works 1n One handsome Vol., half bound, entytled “ 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. QUANTITIES AND MEASUREMENTS, How to Calculate and
Take them in Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paper-
hangers’, Gilders’, Smiths’, Carpenters’, and Joiners’ Work. By A. C.
BeaToN, Architect and Surveyor. New and Enlarged Edition. 1llus. 1s. 6d.

175. LOCKWOOD & CO.’S BUILDER'S AND CONTRACTOR'S
PRICE BOOK, for 1877, containing the latest Prices of all kinds of Builders’
Materials and Labour, and of all Trades connected with Building : Lists of
the Members of the Metropolitan Board of Works, of Districts, District
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by
Francis T. W. MiLLER, Architect and Surveyor. 3s. 6d.

182. CARPENTRY AND JOINERY—THE ELEMENTARY PRIN-
cipLes of CARPENTRY. hiefly composed from the Standard Work of
‘I'nomas TrepcorLp, C.E. With Additions from the Works of the most
Recent Authorities, and a TREATISE ON JOINERY by E. Wy~NpHAM
TArN, M.A. Numerous Illustrations. 3s. 6d. .

LONDON : CROSBY LOCKWOOD AND CO,,
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Architecture, Building, etc., continued.

182¢. CARPENTRY AND FOINERY. ATLAS of 35 Plates to
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s.

187. HINIS 70 YOUNG ARCHITECTS. By GEORGE WIGHT-
wick. New, Revised, and enlarged Edition. By G. HuskissoN GUILLAUME,
Architect, 'With numerous Woodcuts. 3s. 6d.

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN
WRITING : A Practical Manual of. With g Coloured Plates of Woods
and Marbles, and nearly 150 Wood Engravings. By ELLis A. DAviDsON.
Sccond Edition, carefully revised, ss. [(Fust pubdlished.

189. 7HE RUDIMENTS OF PRACTICAL BRICKLAYING.
In Six Sections: General Principles; Arch Drawing, Cutting, and Setting;
Pointing; Paving, Tiling, Materials; Slating ang Plastering ; Practical
Geometry, Mensuration, &c. By ApaM Hammonp. Illustrated. 1s.6d.

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of
the Plumber. With Chapters upon House Drainage, embodying the latest
Improvements. Containing about joo Illustrations. B . P. BUCHAN,
Sanitary Engineer. 3s.. f?’u:t published.

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S,
and BUILDER’S STANDARD GUIDE ; comprising copious and valu-
able Memoranda for the Retailer and Builder. Ey Ricuarp E. GrANDY.
Second Edition, Revised. 3s.

CIVIL ENGINEERING, ETC.

13. CIVIL ENGINEERING, the Rudiments of; for the Use ot
Beginners, for Practical Engineers, and for the Army and Navy. By Henrv
Law, C.E. Including a Section on Hydraulic Engineering, by GEorGe R.
Burnerr, C.E. th Edition, with Notes and Illustrations by ROBERT
MaLLet, A.M,, F?(S Illustrated with Plates and Diagrams. ss.

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G.
DRvyspaLe Dempsey, C.E. New Edition, enlarged. Illustrated. 1s.Gd.

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By
G. DryspaLe Dempsey, C.E. New Edition. Illustrated. 2s.6d.

%e® With ““ Drainage of Districts and Lands,” sn One Vol., 3s. 6d.

31. WELL-DIGGING, BORING, AND PUMP-WORK. By
OHN GEORGE SWINDELL, Assoc. R.I.B.A. New Edition, revised by G. R.
URNBLL, C.E. Illustrated. 1s.6d.

35. THE BLASTING AND QUARRYING OF STONE, for

Building and other Purposes. With Remarks on the Blowing up of Bridges.

. By Gen. Sir Joun BURGOYNE, Bart., K.C.B. Illustrated. 1s.6d.

43. TUBULAR AND OTHER IRON GIRDER BRIDGES.
Particularly describing the BriTawniA and CoNwAy TuBULAR BRIDGEs.
With a S{etch of Iron Bridges, and Illustrations of the Application of
Malleable Iron to the Art of Bridge Building. By G. D. Dempsey, C.E.
New Edition, with Illustrations. 1s. 6d.

62. RAILWAY CONSTRUCTION, Elementary and Practical In-
struction on. By Sir MacpoNALD StePHENSON, C.E. New Edition, enlarged
by Epwarp Nugent, C.E. Plates and numerous Woodcuts. 3s.

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 Walls. By Joun Wicains, 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 eVater. By SamueL Hucnes, ¥.G.S.,, C.E. New Edition,
revised and enlarged, with numerous Illustrations. 4s. .

82¢*, GAS WORKS, and the Practice of Manufacturing and Dlstnbuuag
Coal Gas. By Samuer Hucues, C.E. New Edition, revised by W.
RICHARDS, C.I‘{ Illustrated. 3s. 6d.

7 STATIONERS' HALIL COURT, LUDGATE HILL, E.C.
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Civil Engineering, etc., continued.

117. SUBTERRANEQUS SURVEYING.; an Elementary and Prac-
tical Treatise on. By THomas Fanwick. Also the Method of Conducting
Sub Surveys without the Use of the Magnetic Needle, and other
modern Improvements. By Tuomas Baksr, C.E. Illustrated. 2s.6d.

118, C/VIL ENGINEERING IN NORTH AMERICA, a Sketch
of. By Davip StevensoN, F.R.S.E., &c. Plates and Diagrams. 3s.

121. RIVERS AND TORRENTS. With the Method of Regulating
their Courses and Channels. By Professor Paur Frisi, F.R.S., of Milan.
To which is added, AN ESSAY ON NAVIGABLE CANALS. Translated
by Majox-Gencuf 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
Josepu GLynN, F.R.S., &c. Illustrated. 1s. 6d.

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr.
LARDNER. Illustrated. 1s.6d.

59. STEAM BOILERS: their Construction and Management. By
R. ARMSTRONG, C.E. Illustrated. 1s.6d.

63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive
Power, Field Machi Machinery, and Impl By G. H. ANDREWs,
C.E. Illustrated. 3s.

67. CLOCKS, WATCHES, AND BELLS, a Rudimen! Treatise
on. By Sir EDMUND BeckerT (late EDMUND BeckerT DENIsON, LL.D., Q.C.).
A new, Revised, and considerably Enlarged Edition (the 6th), with very
numerous Illustrations. 4s. 6d. (Fust pubdlished.

77%. THE ECONOMY OF FUEL, particularly with Reference to
Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers.
By T. SyMES PRIDEAUX. 1s.6d. .

82. THE POWER OF WATER, as applied to drive Flour Mills,
and to give motion to Turbines and other Hydrostatic Engines. By Josern
GLYNN, F.R.S., &c. New Edition, Illustrated. 2s.

98. PRACTICAL MECHANISM, th'e Elements of; and Machine
Tools. By T. BAKER, C.E. With Remarks on Tools and Machinery, by
J- Nasuvrh, C.E. Plates. 2s. 6d.

114. MACHINERY, Elementary Principles of, in its Construction and
‘Working. Illustrated by numerous Examples of Modern Machinery for
different Branches of Manufacture. By C.D. ABgt, C.E. 1s. 6d.

15. ATLAS OF PLATES. elllustrating the above Treatise. By
C.D. Ase, C.E. 7s.6d.

125. THE COMBUSTION OF COAL AND THE PREVENTION
OF SMOKE, Chemically and Practically Considered. With an Appendix.
By C. Wye Wiiriams, A.I.C.E. Plates. 3s.

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory
of, with Rules at length, and Examgles for the Use of Practical Men. By
T. BAKER, C.E. Illustrated. 1s. 6d.

162. THE BRASS FOUNDER’S MANUAL ; Instructions for
Modelling, Pattem-Makin%,{ Moulding, Turnin Filing, Burnishing,
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime
Costs and Estimates. By WALTER GRAHAM. Illustrated. 2s. 6d.

164. MODERN WORKSHOP PRACTICE, as applied to Marine,
Land, and Locomotive Engines, Floating Docks, Dredging Macnines,
Bridges, Cranes, Ship-building, &c., &c. By J. G. WinToN. 1llustrated. 3s.

165. JRON 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. 2s. 6d.

LONDON ! CRUSBY LOCKWOOD AND CO,,
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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 OF IRON 70 THE CONSTRUCTION
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showin
the Principles ulgon which such Structures are designed, and their Ptacticaf
Application. y Francis Campin, C.E. S d Edition, revised and
corrected. Numerous Woodcuts. 2s. 6d.

171. THE WORKMAN’'S MANUAL OF ENGINEERING
DRAWING. By Joun MaxrtoN, Engineer, Instructor in Engineerin
Drawing, Royal Naval College, Greenwich, formerly of R.S.N.X:, Sout
Kensingtgg. Third Edition. Illustrated with 7 Plates and nearly 350 Wood-
cuts. 3s. 6d.

190. STEAM AND THE STEAM ENGINE, Stationary and
Portable. An elementary treatise on. Being an extension of Mr. John
Sewell’s ¢ Treatise on Steam.” By D. KINNEAR CLARK, C.E., M.I.C.E.
Author of “ Railway Machinery,” ‘'Railway Locomotives,” &c., &c. With
numerous Illustrations. 3s. 6d. [5'14:1 Published.

SHIPBUILDING, NAVIGATION, MARINE
ENGINEERING, ETC.

§1. 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

AMES PEAKE, School of Naval Architecture, H.M. Dockyard, Portsmouth.
‘'ourth Edition, corrected, with Plates and Diagrams. 3s. 6d.

53%. SHIPS FOR OCEAN AND RIVER SERVICE, Elemenﬁry

and Practical Principles of the Construction of. By HAKON A. SOMMER-
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix. 1s.

53%*. AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve
large folding 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, &c., relative to every class of vessels. 'fogether
with an Appendix of Dimensions of Masts and Yards of the Royal Navy of
g{at B&taiu and Ireland. By RoBerT KippING, N.A. Fourteenth Edition.

ustrated. 2s.

54*. JRON 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. Troop Ship *Serapis,”
Iron Floating Dock, &c., &c. 4to, boards. 38s.

55. ZHE 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 GrREENwooD, B.A., of Jesus Callege,
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 Ronert MurrAv, 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.

7 STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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Shipbuilding, Navigation, etc., continued.

83bis. THE FORMS OF SHIPS AND BOATS : Hints, Experiment.
ally Derived, on some of the Principles regulating Ship-building. Ry W.
Branp. Sixth Edition, revised, with numerous Iilustrations and Models. 1s. 6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory
and Practice. With Attempts to facilitate the Finding of the Time and the
Longitude at Sea. HyJ. K Young, formerly Prof of Math tics in
Belfast College. Illustrated. zs. 6d.

100*. TABLES intended to facilitate the Operations of Navigation and
Nautical Astronomy, as an Accompaniment to the above Book. By J. R.
Youne. 1s. 6d.

106, SHIPS’® ANCHORS, a Treatise on. By GEORGE COTSELL,
N.A. Illustrated. 1s.6d.

149. 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, &c., &c.
Tenth Edition, enlarged, with an Appendix. By RoBsrT KIPPING, N
Sailmaker, Quayside, Newcastle. Ilﬁlstratcd. 28, 6d.

155. THE ENGINEER'S GUIDE TO THE ROYAL AND
MERCANTILE NAVIES. By a PracticAL ENGINEER. Revised by D.
F. M‘CARTHY, late of the Ordnance Sutvey Office, Southampton. 3s.

1

PHYSICAL SCIENCE, NATURAL PHILO-
SOPHY, ETC.

1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE
Fownes, F.R.S. With an Appendix, on the Application of Chemistry to
Agriculture. 1s.

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. 1s. 6d.

4. MINERALOGY, Rudiments of ; a concise View of the Properties
of Minerals. By A. RaMsAy, Jun. Woodcuts and Steel Plates. 3s.

6. MECHANICS, Rudimentary Treatise on; being a concise Ex-
position of the General Principles of Mechanical Science, and their Applica-
tions. By CHARLEs ToMmLINSON, Lecturer on Natural Science in King’s
College School, London. Illustrated. 1s. 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., &. With considerable Additions by R. Sasing, C.E.,
F.S.A. Woodcuts. 1s. 6d. N .

7%. GALVANISM, Rudimentary Treatise on, and the General Prin-
ciples of Animal and Voltaic Electricity. By Sir W, Sxow HaArris. New
Edition, revised, with considerable Additions, by RoBerT SaBINE, C.E,,
F.S.A. Woodcuts. 1s. 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.
Noap, Ph.D., Vice-President of the Chemical Society, Author of “A
Manual of Electricity,” &c., &c. With 165 Wooocuts. 3s. 6d.

1. THE ELECTRIC TELEGRAPH ; its History and Progress;
with Descriptions of some of the Apparatus. By R. Sasinx, C.E,, F.S.A,, &c.
Woodcuts. 3s.

12. PNEUMATICS, for the Use of Beginnerss By CHARLES
TomLinsoN. Illustrated. 1s.6d.

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and
Fossil Shells. I},’ Dr. S. P. Woopwarp, A.L.S. With Appendix by
Raren Tate, A.LS., F.G.S. With numerous Plates and joo Woodcuts,
6s. 6d. Cloth boards, 7s. 6d.

LONDON : CROSBY LOCKWOOD AND CO.,
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Physical Science, Natural Philosophy, etc., continued.

79%*. PHOTOGRAPHY, Popular Treatise on; with a Description of
the Stereoscepe, &c. Translated from the French of D. VAN MONCKHOVEN,
by W. H. THORNTHWAITE, Ph.D. Woodcuts. 1s. 6a. .

96. ASTRONOMY. By the Rev. R. MAIN, M.A., F.R.S,, &c.
New and enlarged Edition, with an Appendix on ‘‘ Spectrum Analysis.”
Woodcuts. 1s. 6d.

97. STATICS AND DYNAMICS, the Principles and Practice of;
embtacing also a clear develop of Hyd tics, Hydrodynamics, and
Central Forces. By T. BAker, C.E. 1s. 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. Bonp. Fourth Edition, revised and
enlarged : to which is appended, QUESTIONS on MAGNETIQM, ELEC-
TRICITY, and PRACPIICAL TELEGRAPHY, for the Use of Students,
l‘% W. McGREGOR, First Assistant Superintendent, Indian Gov. Telegraphs.

oodcuts. 3s.

143. EXPERIMENTAL ESSAYS. By CHARLES TOMLINSON.
1. On the Motions of Camphor on Water. II. On the Motion of Camphor
towards the Light. III. Historyof the Modern Theory of Dew. Woodcuts. 1s.

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
PorrLoCK'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

174 Geology.” By RaLpH TATE, A.L.S,, F.G.S., &c., &. Numerous Illustra-

*  tions. InOne Volume. 4s.6d.

183. ANIMAL PHYSICS, Handbook of. By DIONYSIUS LARDNER,
&

D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni-
versity College, London. With 520 Illustrations. In One Volume, cloth
184. boards. 7s. 6d.
** Sold also in Two Parts, as follows :—
183. ANIMAL Puysics. By Dr. LARDNER. Part 1., Chapter I=VII. és'
184. ANIMAL PHysics. By Dr. LARDNER. Part II. Chapter VIII—XVIIIL. 3s.

MINING,. METALLURGY, ETC.

117. SUBTERRANEOUS SURVEYING, Elementary and Practical
Treatise on, with and without the Magnetic Needle. By TuomAs Fenwick,
Surveyor of Mines, and THoMAs BAKER,-C.E. Illustrated. 2s. 6d.

133. METALLURGY OF COPPER ; an Introduction to the Methods
of Seeking, Mining, and Assagng Copper, and Manufacturing its Alloys.
By RoBert H. LAMBORN, Ph.D. Woodcuts. 2s, 6d.

134. METALLURGY OF SILVER AND LEAD. A Description
of the Ores; their Assay and Treatment, and valuable Constituents. By Dr.
R. H. LaMBORN. Waodcuts. 2s

135. ELECTRO-METALLURGY; Practically Treated. By ALEX-
ANDER WarT, F.R.S.S5.A. New Edition, enlarged. Woodcuts. ~ 2s. 6d.

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 factured ; their Special Uses, Applica-
tions, Qualitics, 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
abogg, containing 235 Illustrations of Mining Tools. drawn to Scale. 4to.
4s. 6d.

7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C.
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Mining, Metallurgy, etc., continued.

176. METALLURGY OF IRON, a Treatise on the. Containing
Outlines of the History of Iron Manufacture, Mcthods of Assay, and Analyses
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H.
BavkrmaN, F.G.S., Associate of the Royal School of Mines. Fourth
Edition, revised and enlarged, with numerous Illustrations. 4s. 6d.
180. COAL AND COAL MINING: A Rudimentary Treatise on.
By Warixctox W. SuytH, M.A., F.R.S,, &c., Chiet Inspector of the
ines of the Crown and of the Duchy of Cornwall. New dition, revised
and corrected. With numerous Illustrations. 3s. 6d.

EMIGRATION.

154. GENERAL HINTS 70 EMIGRANTS. Containing Notices
of the various Fields for Emigration. With Hints on Preparation for
Emigrating, Outfits, &c., &c. ith Directions and Recipes useful to the
Emigrant. Witha 'Map of the World. 2s.

157. THE EMIGRANT'S GUIDE TO NATAL. By ROBERT
James Maxx, F.R.AS,, FALS. Second Edition, carefully corrected to
the present Date. Map. a2s.

159. THE EMIGRANTI'S GUIDE 70 AUSTRALIA, New South
Wales, Western Australia, South Australia, Victorsa, and Queensland. By
the Rev. Jaugs Bairp, B.A. Map. 2s.6d.

t6o. THE EMIGRANT’S GUIDE TO TASMANIA and NEW
ZEALAND. By the Rev. James Bairp, B.A. With a Map. 2s.

15 & THE EMIGRANT'S GUIDE TO AUSTRALASIA. By the

160. Rev. J. Bairp, B.A. Comprising the above two volumes, 1amo, cloth boards.
With Maps of Australia and New Zealand. ss.

AGRICULTURE.

29. THE DRAINAGE OF DISTRICTS AND LANDS. By
G. DryspaLe Demesey, C.E. Illustrated. 1s. 6d.
** Witk “ Drasnage of Towns and Buildings,”’ sn One Vol., 3s. 6d.

63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive
Powers and Machinery of the Steading, Field Machi and Impl s,
By G. H. ANpREws, C.E. Illustrated. 3s.

66. CLAY LANDS AND LOAMY SOILS. By Professor
DONALDSON.  1s.

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
ﬁs fer ?arter. Together with the approximate values of Millstones and

illwork, &c. 1s.

t40. SOILS, MANURES, AND CROPS. (Vol. 1. OUTLINES OF
MoberN FArMinG.) By R. Scort BurnN. Woodcuts. 2s.

141. FARMING AND FARMING ECONOMY, Notes, Historical
and Practical, on. (Vol. 2. OUTLINES oF MoDERN FARMING.) By R.Scorr
BurN. Woodcuts. 3s.

142. STOCK ; CATTLE, SHEEP, AND HORSES. (Vol. 3.
OuTtLINES OF MODERN FARMING.) By R. Scortr BUurRN. Woodcuts. 2s. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By
R. Scorr 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. Scorr BurN. Woodcuts. 2s. 6d.

*,* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled ‘ OUTLINES OF
MobpErRN FARMING.” i}y RoBERT Scott BURN. Price 12s.

x77. FRUIT TREES, The Scientific and Profitable Culture of. From

the French of Du BreuiL, Revised by GBo. GLENNY. 187 Woodcuts. 3s. 6d.

LONDON : CROSBY LOCKWOOD AND CO.,
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FINE ARTS.

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young
Students and Amateurs in Architecture, Painting, &c. By GEORGE PyNE,
Artist. Woodcuts. 2s. | L.

40 GLASS STAINING ; or, Painting on Glass, The Art of. Com-

&  prising Directions for Preparing the Pigments and Fluxes, laying them upon

41 i the Glass, and Firing or Burning in the Colours. From the German of Dr.

* . GesserT. To which is add:d, an Agpendix on THE ART oF ENAMELLING,
&c., with THE ART OF PAINTING ON GLAsS. From the German of EMANUEL
O1r0 FROMBERG. In One Vclume. 2s. 6d.

69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Exatjnples. By CHARLES CHILD SPENCER, _ 2s. 6d.

71. PITANOFORTE, The Art of Playing the. With numerous Exer-
cises and Lessons. Written and Selected from the Best Masters, by CHARLES
CHILD SPENCER. 1s. 6d. ) .

181. PAINTING POPULARLY EXPLAINED, including Fresco,
Qil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &. With Historical
Sketches of the Progress of the Art by THoMAS JorN GULLICK, assisted by
Jo:in{, Times, F.S.A. Third Edition, revised and enlarged, with i‘“rontispiece
and Vignette. ss. N .

186. A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By Georce FieLp. New kdition, enlarged and
adapted to the Use of the Ornamental Painter and Designer. By Evrris A.
DAvipsoN, Author of “ Drawing for Carpenters,” &c. With two new
Coloured i)iag'rams and numerous Engravings on Wood. 2s. 6d.

ARITHMETIC, GEOMETRY, MATHEMATICS,
ETC.

32. MA THEMATICAL INSTRUMENTS, a Treatise on; in which
their Construction and the Methods of Testing, Adjusting, and Usigf them
are concisely Explained. By J. F. HEATHER, M.A., of the Royal Military

‘ Academy, Woolwich. Original Edition, in 1 vol., Illustrated. 1s. 6d.
*.* In ordering the above, be careful to say, *“ Original Edition,” or grive the number
{" the Series (32) to distinguish st from the Enlarged Edition sn 3 vols.
Nos. 168-9-70.

60. LAND A}VD ENGINEERING SURVEYING, a Treatise on;
with all the Modern Improvements. Arranged for the Use of Schools and
Private Students; also for Practical Land gurveyors and Eng‘neers. By

* T, BAkeR, C.E. New Edition, revised by EnDwArRp NuGent, C.E. Illus-
trated with Plates and Diagrams. 2s.

61*. READY RECKONER FOR THE ADMEASUREMENT OF
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 1s. to £1,000 per acre, and from one

ole to two thousand acres in extent, &c., &c. 1s. 6d. A X

76. DESCRIPTIVE GEOMEIRY, 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 Isometrical Projection ; the whole being intended as an introduction to the
Application of Descriptive Geometry to various branches of the Arts. By

. lg HEeATHER, M.A. Illustrated with 14 Plates. 2s.

1;8. PRACTICAL PLANE GEOMETRY: giving the Simplest
Modes of Constructing Fiﬂ:res contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. HRATHER, M.A. With 215 Woodcuts, 2s.

179. PROJECTION : Orthographic, Topographic, and Perspective:

iving the various Modes of Delineating Solid Forms by Constructions on a

Single Plane Surface. By}]. F. HEATHER, M.A. [/n preparation.

* ¥ The above three volumes will form a CoMmpLETE ELEMENTARY COURSE OF
MATHEMATICAL DRAWING.

1, STATIONERS’ HALL COURT, LUDGATE HILL, E.C.
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Arithmetic, Geometry, Mathematics, etc., continued.
83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases

and Forms in English, French, Italian, and German. By Jases Happox,
M.A., Arithmetical Master of King’s College School, London. 1s.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-
tions of its I heoretical Principles, and numerous Examples for Practice. For
the Use of Schools and for Sclf-Instruction. By J.R. gouso. late Professor
of Mathematics in Belfast College. New Edition, with Index. 1s. 6d.

8;" 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. 1s. 6d.

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest,
8ge. Annuities, Life Assurance, and General Commerce ; with various Tables by
which all Calculations may be greatly facilitated. By W. HipsiLey. 2s.

86. ALGEBRA, the Elements of. By JaMes Happon, M.A.,
Second Mathematical Master of King's College School. With Ag dix,

em

containing misccllancous Investigations, and a Collection of Pro s in
various parts of Algcbra. 2s.

86* A KEvy AND COMPANION to the above Book, forming an extensive reEository of
Solved Examples and Problems in lllustration of the various Expedients
necessary in Algebraical Operations. Especially adapted for Self-Instruc-
tion. By J. R.Youna., 1s.6d.

88. EUCLID, THE ELEMENTS OF : with many additional Propositions

89. and Explanatory Notes: to which is prefixed, an Introductory Essay on
Logic. By Henry Law, C.E. 2s. 6d.

®o* Sold also separately, vis. :—

88, Eucuip, The First Three Books. By Henry LAw, C.E. 1s.

89. Evcuip, Books 4, §, 6, 11, 12. By HENRY Law, C.E. 1s.6d.

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,
a Rudimentary Treatise on. By JaAMEs HANN, late Mathematical Master of
King’s College School, London.” A New Edition, re-written and enlarged
by Jg R. Young, formerly Professor of Mathematics at Belfast College. 2s.

91. PLANE TRIGONOJMETRY, the Elements of. By JAMES
HANN, formerly Mathematical Master of King’s College, London. 1s.

92. SPHERICAL TRIGONOMETRY, the Elements of. By JAMES
HANN. Revised by CHArLEs H. Dowtixg, C.E. 1s.

*e® Or with *“ The Elements of Plane Trigonometry,”’ in One Volume, 2s.

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. Necw Edition, with Corrections
and Additions by E. NugenT, C.E. Illustrated. 1s. 6d.

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
He~xry Law, C.E. Illustrated. 2s. 6d.

101*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
T/ONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. S. B. WooLnouse, F.R.A.S., &c. 1s.6d.

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By
Homersuam Cox, B.A. Illustrated. 1s.

103. INTEGRAL CALCULUS, Examples on the. By JAMES HANN,
late of King’s College, London. Illustrated. 1s. :

101. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B.
‘WootrHouse, F.R.A.S,, &c. 1s. 6d.

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the.
By James Hapoon, M.A. 1s.

LONDON ! CROSBY LOCKWOOD AND CO.,
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Arithmetic, Geometry, Mathematics, etc., continued.
105. MNEMONICAL LESSONS.— GEOMETRY, ALGEBRA, AND

TriconomeTRY, in Easy Mnemonical Lessons. By the Rev. THoMAs
PeNynGTON KIRKMAN, M.A. 1s. 6d.

136. AR/THMETIC, Rudimentary, for the Use of Schools and Self-
Insgixction. By James Habpon, M.A. Revised by ABRAHAM ARMAN,
1s. 6d.

137. A Kevy 1o HADDON’S RUDIMENTARY ARITHMETIC. By A. ARMAN. 1s, 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. 1s.

148. A KEY TO STEPPING-STONE TO ARITHMETIC. By A, ARMAN. 1s.

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 CuArLEs Hoarg, C.E. With a
Slide Rule in tuck of cover. 3s.

168. DRAWING AND MEASURING INSTRUMENTS. Includ-
ing —I. Instruments empl%yed in Geometrical and Mechanical Drawing,
and in the Construction, Copying, and Measurement of Maps and Plans.
I1. Instruments used for the purposes of Accurate Measurement, and for
Arithmetical Computations. By J. F. HeaTner, M.A,, late of the Royal
}il]ilitary tefitcaclemg ‘Woolwich, Author of * Descriptive éeometry,’ ? &c., &c.

ustrated. 1s. 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. 1s.6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—I. Instruments Used for Determining the Geometrical Features
of a portion of Ground. II. Instruments Employed in Astronomical Observa-
tions. By J. F. Heatuer, M.A. Ilustrated. 1s. 6d. )

*» The above three volumes form an enlargement of the Author’s original work,
“ Mathematical Instruments: their Construction, Adjustment, Testing,and Use,’
the Eleventh Edition of whick is on sale, price 1s. 6d. (See No. 32 in the Series.)

168.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER,

169.¢ M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as
170.) above, in One thick Volume. With numerous Illustrations. 4s. 6d.

185. 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 Allow-
ances 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. bird
Edition, with considerable and valuable additions. 4s. ([Fus? published.

.

LEGAL TREATISES.

s0. THE LAW OF CONTRACTS FOR WORKS AND SER-
VICES. By Davip GiBeons. Third Edition, revised and considerably
enlarged. 3s. (Fust published.

151. 4 HANDY BOOK ON THE LAW OF FRIENDLY, IN-
DUSTRIAL & PROVIDENT BUILDING & LOAN SOC/ETIES.
‘With copious Notes. By NATHANIEL WHITE, of H.M. Civil Service. 1s.

163. THE LAW OF PATENTS FOR INVENTIONS; and on

the Protection of Designs and Trade Marks. By F. W. Canrin, 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, ARCH/AE-
OLOGY, the FINE ARTS, &«<. By ‘]ouu Weare. Fifth Edition. Revised
by élonnnr HunT, F.R.S., Keeper of Mining Records. Numerous Illus-
trations. ss.

112, MANUAL OF DOMESTIC MEDICINE. By R. GOODING,
B.A., M.B. Intended as a Family Guide in all Cases of Accident and
Emergency. as.

112¢%, MANAGEMENT OF HEALTH. A Manual of Home and
Personal Hygiene. By the Rev. JAues BAmrp, B.A. 1s.

113. FIELD ARTILLERY ON SERVICE. %g' TAUBERT, Captain

Prussian Artillery. Translated by Lieut.-Col. H. H. MAXwWELL. 1s. 6d.
113%. SWORDS, AND OTHER ARMS. By Col. MAREY. Translated
by Col. H. H. MaxweiL. With Plates. 1s.

150. LOGIC, Pure and Applied. By S. H. EmMENs. Third
Edition. 1s.6d.

152. PRACTICAL HINTS FOR INVESTING MONEY. With
an Explanation ot the Mode of Transacting Business on the Stock Exchange. '

' By Francis PLAYPForD, Sworn Broker. 1s. €d.

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE
IHUMAN UNDERSTANDING. With Notes by S. H. EMMENS. 23,

193. HANDBOOK OF FIELD FORTIFICATION, intended for the
Guiidance of Officers Preparing for Promotion, and especially adapted to the
requirements of Beginners. Major W. W. KNOLLYS, F.R.G.S., 93rd
Sutherland Highlanders, &c. a’ith 163 Woodcuts, 3s.

194. THE HOUSEHOLD AND ITS MANAGEMENT: Being a
Guide to Housekeeping, Practical Cookery, Pickling and Preserving, House-
bold Work, Dairy Management, the Table and Dessert, Cellarage of Wines,
Home-brewing and Wine-making, the Boudoir and Dressing-room, Travel-

ling, Stable Economy, Gardening Operations, &. By AN OLp House-
KEEPER. 3s, 6d. o

EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.

. England, Outlines of the History of; more especially with
reference to the Origin and Progress of the English Constitution. Text
Book for Schools and Colleges. By WiLLiAM Doucras HamiLton, F.S.A.,
of Her Majesty’s Public Record Office. Fourth Edition, revised. Maps
and Woodcuts. ss.; cloth boards, 6s.

5. Greece, Outlines of the History of; in connection with the
Rise of the Arts and Civilization in Europe. By W. DoucrLAs HAMILTON,
of Universi:y College, London, and EpwaArRD LEVIEN, M.A,, of Balliof
College, Oxford. 2s. 6d.; cloth f:ooards, 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 EpDwWARD 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. Hamicron, F.S.A., of Her Majesty’s
Record Office. 3s.; cloth boards, 3s. 6d.

s0. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. E. RAND. 1s,

-

LONDON : CROSBY LOCKWOOD AND CO.,
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ENGLISH LANGUAGE AND MISCEL-

LANEOUS.

11. Grammar of the English Tongue, Spoken and Written.
With an Introduction to_the Study of Comparative Philology. By Hype
CLARKE, D.C.L. Third Edition. 1s.

11*, Philology: Handbook of the Comparative Philology of En%lish,
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch
or German, Danish, Swedish, Icelandic, Latin Italian, French, Spanish, and
Portuguese Tongues. By Hype Crarkg, D.C.L. 1s.

12. Dictionary of the English Language, as Spoken and
‘Written. Containing above 100,000 Words. By Hype CLARrke, 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 JusTiN BRENAN.
16th Edition. 1s.

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. RowsotHAM, F.R.A.S. Improved Edition. 1s.6d.

§1. 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. Sixth Edition, carefully corrected.

2s. 6d.

§2. Mining and Quarrginq, with the Sciences connected there-
with. First Book of, for Schools. By J. H. CoLuins, F.G.S., Lecturer to
the Miners’ Association of Cornwall and Devon. 1s.

53. Places and Facts in Political and Physical Geography,
for Cangif\ata in Public and Private Examinations. By the Rev. EnGAr

ND, B.A. 1s.

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Briet Treatise upon Modern Chemical Nemencla .
ture and Notation. By Ww. PINK, Practical Chemist, &c., and GEORGE
llnza.m ‘WEBSTER, Lecturer on Metallurgy and the Applied Sciences, Notting-

. 2s,

THE SCHOOL MANAGERS’ SERIES OF READING

BOOKS,

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. GrANT,
Rector of ?iitcham, and Honorary Canon of Ely; formerly H.M. Inspector
of Schools. '

INTRODUCTORY PRIMER, 3d.

s. d. s d.
FIRST STANDARD . . 0 6 | FOURTHSTANDARD , .« . I 2
Secono  ,, « o o10 | Firrn ” . . .1 6
THIRD ” e« o« 1 0 | SIXTH ”» . 1 6

Lessons FROM THE BIBLE. Part I. Old Testament. 1s.

LgssonNs PRoM THE BiBLE, Part II. New Testament, to which is added
THE GEOGRAPHY OF THE BIBLE, for very young Children. By Rev. C.
THORNTON FORSTER. 1s.2d. *,* Or the Two Partsin One Volume. 2s,

FRENCH.

24. French Grammar. With Complete and Concise Rules on the
Genders of French Nouns. By G. L. Strauss, Ph.D. 1s.

25. French-English Dictionary. Com%rising a large number of
New Terms used in Engineering, Mining, on Railways, &c. By ALFRED
Erwses. 1s.6d.

26. English-French Dictionary. By ALFRED ELWES. 2s.

25,26. French Dictionary (as above). Complete, in One Vol., 3s.;
cloth boards, 3s. 6d. *,* Or with the GRAMMAR, cloth boards, 4s. 6d.

4y STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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French, continued.
47. French and En_glish Phrase Book : containing Intro-

dycto.—y Lessons, with Translations, for the convenience of Students; several
},ocla ularies of \Vords, a Collection of suitable Phrases, and Easy k"amiliar
ialogues. 1s.

GERMAN.

39. German Grammar. Adagted for English Students, from
Heyse’s Theoretical and Practical Grammar, by Dr. G. L. STRAUSS. 18.

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. -1s.

41. German Triglot Dictionary. By NICHOLAS ESTERHAZY,
S. A. Haurron. Part I. English-German-French. 1s.

42. German Triglot Dictionary. Part II. German-French-
English. 1s.

43. German Triglot Dictionary. Part III. French-German-
English. 1s.

41-43. German Triglot Dictionary (as above), in One Vol, 3s.;

cloth boards, 4s.  *,* Or with the GERMAN GRAMMAR, cloth boards, ss..

ITALIAN.

7. Italian Grammar, arranged in Twenty Lessons, with a Course
of Exercises. By ALrrED ELwes. 1s,
28. Italian Triglot Dictionary, wherein the Genders of all the
Italian and French Nouns are carefully noted down. By ALFReD ELwgs.
Vol. 1. Italian-English-French. 2s.
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 thc ITALIAN GRAMMAR, cloth bds., 8s. 6d.

SPANISH AND PORTUGUESE.

34. Spanish Grammar, in a Simple and Practical Form. With
a Course of Exercises. By ALFRED ELWEs. 1s. 6d.

35. Spanish-English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering, &c.,
with the proper Accents and the Gender of every Noun. By ALFRED ELwEs.
4s.; clotﬁ boards, ss. *,* Or with the GRANMAR, cloth boards, 6s.

55. Portuguese Grammar, in a Simple and Practical Form.
With a Course of Exercises. By ALFRED ELwis, Author of “ A Spanish
Grammar,” &c. 1s. 6d. [Fust pudlished.

. HEBREW.
46*. Hebrew Grammar By Dr. BRESSLAU. 1s. 6d.
44. Hebrew and English Dictionary, Biblical and Rabbinical ;

containing the Hebrew and Chaldee Roots of the Old Testament Post-
Rabbinical Writings. By Dr. Bresstav. 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.

LONDON ! CROSBY LOCKWOOD AND CO.,
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LATIN.

19. Latin Gfammar. Containing the Inflections and Elementary
Principles of Translation and Construction. By the Rev. THoMAs GOODWIN,
M.A., Head Master of the Greenwich Proprietary School. 1s.

20. Latin-English Dictionary. Compiled from the best Autho-
rities. By the Rev. THOMAS GoopwiN, M.A. 2s. .

22. English-Latin Dictionary; together with an Appendix of
French and Italian Words which have their origin from the Latin. By the
Rev. THomMas Goopwin, M.A. 1s. 6d. 3

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.

1. Latim Delectus. Containing Extracts from Classical Authors,
with Genealogical Vocabularies and Explanatory Notes, by Hexry Young,
lately Second Master of the Royal Grammar School, Guildford. 1s.

. Ceesaris Commentarii de Bello 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.
Jaugs Davies, M.A. 1s.

14. Ciceronis Cato Major, Lelius, Brutus, sive de Senectute, de Ami.
citia, de Claris Oratoribus Dialogi. With Notes by W. BROWNRIGG SMITH,
M.A,, F.R.G.S. 2s.

Cornelius Nepos. With Notes. Intended for the Use of
Schools. By-H. YounG. 1s.
Horace; Odes, Epode, and Carmen Sxculare. Notes by H.
YouNnG. 1s. 6d.
. Horace; Satires, Epistles, and Ars Poetica. Notes by W. BROwN-
riGG SmitH, M.A,, F.R.G.S. 1s. 6d.
21. Juvenalis Satire. With Prolegomena and Notes by T. H. S.
Escort, B.A., Lecturer on Logic at K_ing's College, London. 1s. 6d.
16. Livy: History of Rome. Notes by H. YOUNG and W. B. SMITH,
M.A. Part1. Books i, ii., 1s. 6d.
16¥, ——— Part 2. Books iii,, iv., v., 1s. 6d.
17. Part 3 Books xxi., xxii., 1s. 6d.
8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical
and6dExplana.tory, by W. M. Donng, B.A., Trinity College, Cambridge.

1

AN o

-~

Is. .

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. JAMgs Davies, M.A. 1s. 6d.

11. Terentii Eunuchus, Comcedia. Edited, with Notes, by the Rev.
James Davigs, M\A. 1s.6d. Or the Adelphi, Andria, and Eunuchus,
3 vols. in 1, cloth boards, 6s.

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco-
lics by W. RusuToN, M.A,, and on the Georgics by H. Younc. 1s. 6d.

5. Virgilii Maronis Zneis. Notes, Critical and Explanatory, by H.
Young. 2s.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,
and Ovid. Notes by W. B. Doxne, M.A., Trinity College, Cambridge. 2s.

20. Latin Prose Selections,  ‘from Varro, Columella, Vitruvius,
Seneca, quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. DoNNg, M.A.  2s.

K~ Other Volumes are tn Preparation.

7 STATIONERS’ HALL COURT, LUDGATE HILL, E.C.
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GREEK.

14. Greek Grammar, in accordance with the Principles and Philo-
logical Researches of the most eminent Scholars of our own day. By Iians
CrAuDE HAMILTON. 1s. 6d.

15,17. Greek Lexicon. Containing all the ‘Words in General Use, with
their Significations, Inflections and Doubtful Quantities. By HENRY R.
HawmiLton. Vol. 1. Greek-English, 2s.; Vol. 2. nglish-Greek, 2s. Or the
Two Vols. in One, 4s.: cloth boards, Ss.

14.15. Greek Lexicon (as above). Complete, with the GRAMMAR, in

17. 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, by H. Young. New
Edition, with an improvedandenlzr Suppl t. -yv bulary, by JouN
HurcHisoN, M.A., of the High School, Glasgow. 1s.

30. Aschylus: Prometheus Vinctus : The Prometheus Bound. From
the Text of Dinpore. Edited, with English Notes, Critical and Explanatory,
by the Rev. JAMBS DAviEs, M.A. 1s. :

32. AEschylus: Septem Contra Thebes : The Seven against Thebes.
From the Text of DINDORF. Edited, with English Notes, ritical and Ex-
planatory, by the Rev. JAMES DAVIES, M.A. 1s.

40. Aristophanes: Acharnians. Chiefly from the Text of C. H.
Wheise.  With Notes, by C. S. T. TowNSHEND, MLA. 1s. 6d.

26. Euripides: Alcestis. Chiefly from the Text of DINDORF.. With
Notes, Critical and Explanatory, by JouN MILNER, B.A. 1s.

23. Euripides: Hecuba and Medea. Chiefly from the Text of DIN-
porr. With Notes, Critical and Explanatory, by W. BROWNRIGG SmiTh,
M.A., F.R.G.S. 1s. 6d.

14-17. Herodotus, The History of, chiefly after the Text of GAISFORD.
With Preliminal:f CI)_{)servauom and Appendices, and Notes, Critical and

Explanatory, by 1. L. Leary, M.A,, D.C.L.
Part 1. Eooks i,y ii. (The Clio and Euc?‘pe), 28,
Part 2, Books iii., iv. (The Thalia and Melpomene), 23.

Part 3. Books V.- i. (The Terpsichore, Erato, and Polymnia), 2s.
Part 4. Books viii., ix. (The Urania and Calliope) and Index, 1s. 6d.
Homer, The Works of. According to the Text of BARUMLEIN.
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 1. Books i, to Vi, IS. 6d. | Part 3. Books xiii. to xviii,, 3. 6d.
Part 2. Books vii.to xil., 18.6d. | Part 4. Books xix. to xxiv., 18, 6d.
Tug OpyssgY: Partl. Books i. to vi., 18. 6d. Part 3. Books xiii. to xviii., 18. 6d.

Part 2. Books vii. to xil., 1s. 6d. | Parts. Books xix. to xxiv., and

5-12.

4 Grammatical and Explanatory Notes, by H. YOUNG. 1s.
13. Plato’s Dialogues: The Apology of Socrates, the Crito, and
the Phzedo. From the Text of C. F. HerMANN. .Edited with Notes, Critical

and Explanatory, by the Rev. JAMES DAVIES, M.A. 2s.

18. Sophocles: CEdipus Tyrannus. Notes by H. YOUNG. Is.

20. Sophocles: Antigone. From the Text of DINDORF. Notes,
Critical and Explanatory, by the Rev. ilOHN MILNER, B.A. 28,

41. Thucydides: History of the Pe

Y . Book 1. IS
o hon’s Anabasis; or, The Retreat of the Ten Thousand.

2, 3. Xenophon’s
» 3+ “Notes P Geographical Register, by H. Youxc. Tart 1. Books i. to jii.,

1s. Part 2. Books iv. to vii., IS. .
42. Xenophon’s Panegyric on Agesilaus. Notes and Intro-
duction by Lr. F. W. JrwITT. 1S. 6d.
8@~ Other Volumes are in Preparation.
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Hymns, 2s.
. Lucian’s Select Dialogues. The ’i‘l:xt carefully revised, with

oponnesian War. Notes by H. |
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