








ROORKEE TREATISE.

ON

CIVIL ENGINEERING IN INDIA.

IDIITD BY
MATOR T. 4. MLDLEY, R.L.,

ASS INGI € B IRT  THAT IIICW NCOIVIT IN INJTFINC COITTAR ROORKEE

N OT. 1T

LOOLKT I

PRINTED AND PUBLISIIID AL 11T FNIIOMASON COTLI GE PRESS
ALLAHADAD BIIT & S0\ CA CTIMA IHAMRIT SIINK & GO
BOMBAY TITACKCR VINING & (0 MADRAS GANTZ BROTHERS
TONDON  MIMYT LLDIR & Co

M ( CI XVIT



ROORKKR:
JAMES JOHNSTON, SUPKRINTENDENT,
THOMASON COLLEGE PRESS.



PREFACE 10 VOL. II

Whoever reads this volume with a view to eriticizing it, will
find it, I doubt not, full of mistakes and omissions; I can
only assure him that he cannot be more scnsible of its defects
than the compiler.

The subjects treated of are, indeed, so extensive that to do them
justice, would require far more knowledge, both theoretical and
practical, than I can pretend to. But I have endeavoured to
supply a want which has long been felt by most Engineers in
Tundia, and have spared no pains in cxecuting the task. Hereafter,
perhaps, an improved edition may be issued more worthy of the
subject, as well as the College from which it issues.

Many important branches of Engincering are wholly undis.
cussed in these two volumes, such as—Water Supply of Towns—
Drainage—Ilarbour Works, and others. I can only say in ex-
cuse—first, that I know little or nothing about them ; sccondly,
that they arc subjects which do not gencrally e into the
practice of Indian Ingineers; thirdly,’_t_wt/tﬁ'ﬁave extended this
Treatise would have been to make it too bulky and expensive for
general use.

The First Volume having treated of Building Materials, their
nature, uses and strength,—and the principles of general con-

struction involved in Masonry, Carpentry and Earthwork,—this
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Second Volume treats of Special Constructions under the headings—
Buildings, Bridges, Roads, Railways and Irrigation Works.

Scction VI., Buildings, has been compiled from the College
Manu‘ul, No. VI, from Mahan, Rankine, and other sources; with
some Indian examples taken from the “ Professional Papers.”

Sections VII., VIII, IX., and X., Bridges, Roads, Railways,
and Irrigation Works, have been based on the four College
Manuals, on those subjects, drawn up by myself in 1863, to
which has been added a large quantity of additional matter and
numerous Indian examples from the “ Professional Papers,” and
other works noted below.

As the authorities from whom extracts have been made or
opinions quoted, have not, as a rule, been given in the text, T will
here add a list of the works consulted in the preparation of the
two Volumes :—

Thomason College Manuals of Civil Enginecring, Nos. L. to X.

Professional Papers on Indian Enginecring, Vols. 1, 2 and 3.

Proceedings of the Institution of Civil Enginecrs.

Maban’s Treatise on Civil Engineering (Amecrican Edition).

Rankine’s Manual of Civil Engineering.

Tredgold’s Carpentry.

Demp‘s:y’s Practical Railway Engineer.

Gillespiehbs,ds and Railroads.

Humber’s Wrought Tron Bridges.

Articles “ Railways” and “Iron Bridges,” in the Encyclopedia
Britannica, 8th Edition. .

Sir Proby Cautley’s Report on the Ganges Canal,

Col. Dickens’s Report on the Soane Canals,



PREFACE, iii

Major Crofton’s Reports on the Sulte] and Ganges Canals.

Colonel Anderson’s Notes on Canals and Rivers.

Professional Papers of Madras Engincers, Vols. 2 and 4.

Colonel Baird Smith’s Madras Irrigation.

Keay’s -Scantlings of Timbers for Roofs.

Kcay’s Examples of Estimating.

Kunhya Lal’'s Wooden Bridges.

Morton’s Treatise on Rajbuhas.

Interleaved copies of this Volume as well as the First, may
be had on application. I may add thdt the first edifion of Vol.
I, of which only 500 copies were printed, will probably be
exhausted in about a year, and if any interleaved copies with
corrections and additions could be returncd to Roorkee by the
end of this year, I should estcem it a great favor, and would
send in exchange copics of the new cdition, when ready. Of
the present volume 1000 copies have been printed, or the price
of each would have been too heavy. A second edition of it,
thercfore, cannot be looked for so soon, but judging by the pre-
sent demand even before the volume is issued, the date will not
be a distant one when I shall be glad to have the interleaved
copies returncd with a similar object.

I take this opportunity of drawing attention to the care and
excellence displayed in the Press-work of the two” Vo]t;mes, for
which the reader is indcbted to Sergea.ni.: Johnston, the Super-
intendent of the College Press.

RooRKEE, J. G. M.
ls¢ May, 18617.
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SECTION VI.—BUILDINGS.

Alwy of the details of the Construction of Buildings have necessarily been
treated of already in the Chapters on Fouxparions, StoNeE and Brick
Maxoxpy, Roors, &e. In this Section, what remains to be added to the
subject will be treated of under the heads of Wawnss, l'Loors, Roor
Coverrnes, Fintsmze and DesigNiva.

CITAPTER XXIV.
WALLS.

.  Tovudation.—The object of carrying the foundation of a building
below the sorface of the ground is to gnard against the bottom of the
masonry being exposed and undermined ; and, where the soil is easily com-
pressible, or looxe 1o obtain a firm footing. It is not essential that rock,
nr very hard soil, should be met with. A building may be sccure even on
sand, if it De carried down sufficiently to be beyond the chances of undermin-
ing by rain, &c., and the sand be not liable to lateral displacement. ¢“Mado
sarth”—that is, soil that has been dug and moved, must always be distrusted,
and precautions taken proportional to the weight of the building to be put
nipon it.

For buildings of ordinary size and height, it is generally sufficient to
dig down to a depth, to which the soil is not affected by rain in India,
and by frost in England. In compressible soils 1 is sufficient for ordinary
buildings that the soil should be equally compressible. In all cases,
however, whercin the building varies much in the height, and consequent
weight of particular parts, great care should be tuken lo adjust the areas to
Le compressed to the corresponding weight of each part. Where the soil

voL. 11, B
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% unegnal, the softer parts may be crossed by arches abutting on the harder,
-and where the weight of the building bears upon points, as in a colonnade,
a continuous foundation is built with inverted arches between each pillar.
Where the weight is great, and the ground soft, Concrete forms an cxccl-
lent bed for a foundation when carefully laid; three measures of broken
stone or well washed road kunkur, to one of good bydraulic mortar, care-
fully and equably mixed, kept wet, and rammed whilst sefting, make a
good concrete; or the kunkur may be used as in road making, and if well
beaten will be found serviceable.

The cxcavalion, on bcing dug to the required depth must, with great
care, be made correctly level at Lottom, both longitudinally and trans-
versely.

2, When the ground to be built on, slopes considerably, in order that
the foundation at the upper part of the building Le not unneeessarily deep,
and a waste of masonry be thus causcd, the bottom of the excavation
should be made in successive level steps descending in conformity with the
slope of the ground; taking care that the bottom of the foundation never
approaches too nearly the surface of the ground—thus—

L '_“——L_———-:{:___j )

Correct levels should, therefore, be taken of ground on which 2 building
is to be erected and tho requisite cuttings carcfully laid down in section
to scale, before a spade is put into the ground; as any mistakes made,
by digging the foundation too deep in amy place, must be repaired by
costly masonry; any attempt to mend the matter by refilling the trench
being quite inadmissible, although, unless narrowly watched, those who
made the mistake will be apt to gloss it over in this manner to the immi-
nent danger of the building to be erected.

The trench should then be commenced at its lowest extremity, and the
minimum depth of foundation cxcavated throughout; for instance, digging
it 2 feet deep at the lowest point, proceeding at this level horizontally till
the bottom of the trench is 24 feet from the surface, then rising by a step
of 6 inches and proceeding as before.
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In order to prevent waste of masonry, it will be best that the foundation
course be of uniform height, say in the present case, 14 feet; on this the
plinth is to be built until it shall reach the height determined on for the
floor of the building, at its highest point above the grotnd.

When building in rainy weather, even with pucka masonry, Lut always
when with kucha or kucha pucka, the ground to e Luilt upon should
be thoroughly drained, and earth filled in to a level with the plinth, and
around it as the building advaences, taking care to leave an exit for the
water, at’every doorway, by omitting & couple of courses of brick under
cvery door sill, to Le filled in with the flooring, after the roof shall have
Leen put upon the huilding. The earth required for filling in the plinth or
for kucha mortar, should be dug from trenches, so disposed around the
building as to‘aid its drainuge, both whilst in progress and when completed.

3. The following rules for the construction of ordinary buildings are
exlracted from the “ Barrack Master's Assistant and Addenda,” a work
now out of print, but which contains much useful practical information.

“In choosing a site, particular enquirtes should be made of the oldest
inhabitants of the place, if any tanks have ever been upon the ground
and uhsequently filled up.  IFoundations laid upon made ground of this
nature, invariably sink unless properly secured by artificial means.

“ Engineers must recolleet that a fuilure in the foundations cannot be
admitted as any excuse for buildings giving way. When they have a choice
of sites they hould take eare, by previous enquiry and trial, to selett a
good ove; and when there may be no choice, they should take care to
secure the foundation suitably, as circumstances may require.

“If it should be necessary to build on ground that has been artificially
filled wp, the foundution trenches must be carried down to the firm
ground below, and the walls built up regularly from the bottom, or piers
may be built up, at intervals, and the spaces covered by arches, the crown
of which should not appear above the level of the ground when finished.
Walls of old buildings intersecting the new should not be left, as they
would prevent the new masonry from settling equally in all places.

“If the ground is sound, but very sandy, the foundation should be
made very broad ot bottom, and decreasing by steps to the breadth of the
wall of hich it is the support. If the ground is sandy at top, and good
clay at a moderate distance underneath, the foundations, should be dug
down to the firm carth. If, on the contrary, as often happens in the
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lower parts of Bengal, the soil at top is much firmer than below, it should
* be very little dug into.

“Even where a foundation has been dug in apparently good ground,
& strong wooden benter should be used all along the trench, to detect, by
sound, any hollow which may be concealed; this precaution is particularly
necessary where there are many white ants. It is likewise a good precau-
tion to pour a large quantity of water into the trench, for the same pur-
pose.

“In sandy soils any deep excavation near the foundation, should be
avoided or carefully filled up, as the weight of the building will have a
great tendency to force the sand from underncath, and drive it into the
hollow. 'When it becomes nccessary to secure the foundations by artificial
means, a variety of expedients should be considered, and the onc best adap-
ed to the situation, selected.”

4. In all cases when the nature of the sub-soil is unknown, a trial
pit should be sunk close to the site of a proposed building to such a depth
as may allow the different strata to be scen; or the earth may be ex-
amined by Boriug.

The borer is & large anger made for the purpose, having its shank com-
posed of a great number of joints of moderate length screwing into eaeh
other, by means of which, the operation may Le continued to any depth
judged necessary; this instrument being occasionally pulled out of the
grotind by a gin and tackles, or other convenient machine, always brings
up in the hollow part of the auger, a specimen of the lowest stratum of
soil piereed by it; the persons employed in thus sounding for a founda-
tion ought not to stop on finding a hard stratum such as gravel, &e., but
should ascertain by boring decper, whether the thickness of it is sufficient
to cnsure the safety of the proposed work.

When the trenches are dug and the bottom has been thoroughly cx-
amined and tried, should the soil prove gencrally firm, any looser parts,
if not deep enough to render a resort to piling or building on picrs neccs-
sary, should be dug up until & solid bed be got at; this portion should
then be secured by ramming in small stones or pieces of vitrified brick
(fhama), closely packed together, watered, and covered with a layer of
well-ground mortar, beaten into the interstices, with a heavy rammer; if
the depth is considerable, & layer of good concrete may be laid upon this,
and well beaten whilst setting.



£y

WALLS/

The various artificial contrivances for obtaining a firm foundation for
buildings or other structures in bad soil or under water have been already
treated of in Chapter XV.

The breadth usually given to foundations is one foot greater than that
of the walls of the lower story, but more than this may often be neces-
sary in Dengal, where the sccurity of foundations in general depends on
their breadth much more than on their depth ; one foot, or a foot and a half,
will generally be found sufficient for the latter, if carc is taken that the
soil underneath the foundations is protceted from wet.

&, The Plinth should be diminished by off-sets, not exceeding 3 in-
clies, or a quarter of a brick, on each side of the foundations, the walls of
the lower story being diminished in the same manner from the plinth, and
80 _on successively with the several stories, to the top, taking care however
that the uppermost part of all be not made too weak; walls should be
diminished by equal off-scts on each side, so that the centre of the upper-
most course may be plumb with that of the pliuth. The inner ledges,
helping to carry the floors, are not seen, and those on the outer walls may
be covered by a string course of stone, or an ornamental brick cornice,
encompassing the whole building, which will serve to prevent the ledge
from being either injurious by holding rain water, or unsightly.

When buildings of no great height are to be erccted on compressible
soil, and piling is not decmed expedient, hoop iron may be used to aid
the bond, being built in, with good mortar, just above the first or lowest
course of bricl's, and may be used at every fourth course to the level of the
superstructure; this will cnable the walls to settle Lodily, and prevent
fissures.

Care shouﬂbe taken in all ofty or heavy buildings, especially those
with vaulted roofs, wherever opeuings for doors or windows are intended,
to throw inverted arches between the piers. This precaution, when the
building settles, will throw a proportion of the weight under the openings,
ond rclieve the picrs, by which means the cracks in doorway arches, which
are 50 frequently scen, will be avoided.

Ranges of pillars should always have a thorough continued foundation
under them, with inverted arches between the pillars ; except in very slight
buildings on a hard foundation, when they may be dispensed with.

The same precantions are of still more importance in the construction of
arcades ;—when the abutment walls of arcades with semi-circular openings
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are narrow, the lower part, or about 30°, of the arch may be obtained by
corbelling out the abutment into the requisite form,‘with bricks laid hori-
zontaﬁﬁnd their ends cut to form the skewback from which the arch is to
spring ; this arrangement yives a better base to the spandril.

For ordinary buildings, arcades should be preferred to the objectionable
style of construction of pillars with wooden archiiraves, for which flat
arches may in most cases be safely sulstituted.

6. Doorways should have double arches over them, one flat or nearly

g0, and an upper ono semi-circular, should there be space for it; if other-
wise, it may be a quadrant or even a flatter segment; the flat arch is a
beam of brick-work formed with bricks radinting to a centre, thus contain-
ing a scgmental arch, the radinas of which may be equal to the breadth of
the opening. It should rise about one inch in the centre of its soffit or
intrados, and its extremitics should spring from a poiut about an inch above
the top of the door frame, so that on the piers settling, no pressure should
be borne by these frames or chokuts, which should not, however, be inserted
till the roof Las been covered in, and there is no fear of extensive scitle-
ment.
7% Thickness of Walls.~1t is ouly when extrecmely heavy vaulis or
very high towers have to be built that the resistance to crushing need be
considered in the design of a Luilding, but it must always be remembered
in such cases that allowance must be made for incxactness of bearing sur-
face, and inequality of texture, and ihat at least cight times the bearing
surface that would ¢rush under the load must be allowed.

In architecture, walls are gencrally more liable to be overturned, cither
partially or wholly, than crushed, and the directions likely to be taken
by forces having this tendency, under the influence of storn®, earthquakes,
&c., must be taken into consideration.

Long walls not supported by the intersection of, or the abutment on
them of, other walls are evidently weaker, that is, more liable to fall from
unequal settlement of their foundations, and more easily thrown down
by storms or other causes than such as are so supported.

Rondelet, from a vast number of examples of existing buildings, deduces
a rule that enclosure walls of durable matcrials, that is, of brick or stone
cemented with good mortar, require a base varying from 1th to ;th of
their height for lengths within the limits of ordinary construction; and
taking this a3 a maximum, that this thickness at base may be reduced in
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the ratio of the cosine of the angle formed with the ground line, by s dia-
gonal extending from the Dottom of one cross wall to the top of the one
next lo it; or as this diagonal is to the base. Tn making calculations of
this sort for practice, the nearest quarter or half hrick above the calculated
thickness should always Le taken.

In treating of enclosures of a polygonal form he considers cach side
of the polygon as supported by the abutment of two others, but the
abuiment not being at right angles cannot be allowed its full cffect, or a
circular wall, which is a polygon of an infinite number of sides, would
require no thickness. It doubtless requires less than a wall disposed in
any other furm.

8, Yor covered buildings, the rule given by TRondelet is, that the
thickness of walls carrying a well tied roof may be -2;th of their height,
under the tie-beaw, multiptied by the cosine of the angle formed by the
floor, and by the diagonal drawn from the foot of one wall {o the top
of the oppuosile one.

But if the walls supporting a roof are stiffened in any manncr, sueh as
by a lower rvof at au intermediate height, as in churches with nave and
aisles, lis rule is to take .,th of the height above the point stiffencd,
added to 53, th of the height below it, or which is the same thing j2:th of the
sum of the whole height of the wail, and the height of the portion above
the point stiffened.

This rule agrees with the dimensions of the church of Saint Paul outside
the walls of Reme, and also with those of many other churches, measured
by Rondelet. 11, however, evidently should have a limit, and cannot be
considered applicable to buildings whose breadth is less than half or more
than twice the height of the walls supporting the roof.

And, indeed, although a will constructed roof serves to tie the walls
by which it is supported together; still as all roofs are liable to deflection
and derangement from changes of temperature and other causes, it does
not scem advisable in ordinary practice to reduce the thickness of walls
on that account, although tho reduction which depends on the support
given by cross walls may be made with safety.

9. Rondelet gives examples of lofty churches, in which the main walls,
although supported in some cases on pillars only, have & base of barely
¥sth of their height.

For instance the church of Saint Paul is 93 feet high under the tie-
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beams, but ythe supporting pillars and their superincumbent walls are
but'3§- feet thick: they arc supported against falling outwards by pent-
roofed nisles, but as the walls supporting the main roof are of great height
and length there scems to be a liability to their bulging inwards where the
pent roofs lean upon them.

The outer walls which are much lower, ut which sustain the thrust of
the pent roof, are considerably thicker ; and the area of the whole building
is to that of its points of support as 9 to 1.

In the church of Saint I’anl's, London, the area is to that of the points
of support as G to 1; in the round church of Saint Stephen at Rome, as
18 to 1; and in ordinary brick buildings in Belginm, it averages sbout 17
to 2.

In many vaulted buildings enormous pressure is sometimes sustained
by a single pillar, but of course great carc is taken in the construction of
such pillar, both as to material and workmanship.

These cxamples are adduced to show that where both material and work*
namhip are good, there is little liability to crushing, and that if walls
are truly plumb, and no uncompensated thrust upon them is permitted,
very slight walls may safely be carried to a great height. All unequal
settlements in the foundations must likewise be sirictly prevented.

It must he remembered also that these examples are quite inapplicable
to walls roughly built with bad materials, especially with such as are Hable
to injury by wet or other causes of decay, such as sun-dried (kucha) brick
not carefully made or allowed to become wet cither before or after it is
built into the walls. Kucha bricks once throughly wetted never recover
their consistency, but always remain friable and easy to crush.

Neither will walls of these dimensions bear untied or ill-framed roofs,
which from faults of design or of workmanship do not rest on their sup-
porting walls as a dead weight.

Rondelet gives as a rule for the thickness of the walls of dwelling
houses of several stories, that the inturnal walls of & house without long-
itudinal cross walls should be 2;th part of the sum of the breadth
of the house and half its height; whilst in what are called double
houses, the thickness should be % th of half the sum of the height
and breadth, which is much the same as calculaling tho breadth to
the nearest longitudinal partition only. For the thickness of partitions,
+5th part of the sum of the breadth of the space divided by it, added to
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the height of the story—for instance a partition 10 feet lugh dividing &
space of 26 feet into two portions, would require to be 2 , or 1 foot
thick, but as this rule would make the partition walls in the lower story,
carrying other partition walls above it, no thicker than those in the upper
story, Rondelet allows an additional half inch for every story which the
partition has to carry, so that in a six-storied house the bottom partitions
would be 3 inghes thigker than those at the top.

10. As Rondelet’s rules give no scale for the diminution of the thick-
ness of outer walls in each' story ; the following will be found to give about
the same average thickness, whilst the stability is increased by giving a
greater base for the wall, and placing its centre of gravity lower, which
renders trifling defects of workmanship less important.

For buildings divided into stories of heights varying from 20 to 10
fect; first, take a thickness of .%th ot y;th of the total height of the
external wall, reduce it in the ratio of the base to the diagonal drawn from
its top to the lLottom of the opposite wall to which it is tied by roof or
floor, whether this is an external or partition wall: let this be the thick-
ness of the wall for the lowest story. Calculate the thickness of the walls
of the next story in the same manner from its floor, the height being of
course lessened by that of the lowest story; and so on for each story
separately—taking cn:'e, however, that the walls of the highest story of
all are not so thin, as to be crushed or become crippled by the weight of
the roof, und some allowance must also be made for the force of the wind

®in storms at this height, so that a new cause of weakness being added,
some allowance must be made to meet it. In ordinary cascs, the thickness
of the wall of the highest story may be made sufficient, by adding to it half
the difference between its thickness, as found above, and that of the next
story below it.

Take for instance a building 36 feet high and 24 feet wide, divided into
three stories of equal height.

.By the rule.above given, the thickness of the walls of the lowest*story
will be—

36x24
N 3628

36
7o = 3°6 then = 2 feet nearly,

of the middlé story—

24 24 x 24

70 = 24 then Nero e 17 nearly,

VoL, II.
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of the npper story—
/T 2 — 12 then X2 = 1t nearly,

7'. ~ ]‘n 242
1 1+1 7
or allowing for weight of roof = 14. .

And using bricks 12 x G-inches thc walls wonld, taking the nearest quarter
of a brick greater than the calculated dimension, be 2 feet, 13 feet, and 14
feet thick.

11, Walls are also much stiffened by having a proportion of their .
average thickness disposed in the form of buttresses; about one-eighth
seems {0 be a good proportion as in the following diagram :

_ e ”'«”—'". J # e
‘% . @ ©
I S Ea

4 X 3412 x 2=16 x 21 the average thickness.

And this arrangment is particularly applicable to enclosure walle—which
are likewise much improved in appearance thereby.

In house or other architecture, pilasters and panclling may be used
to produce the eflect contemplated, which is, with® an equal (uantity of
materials to obtain an enlarged breadth of hage. Ttalian towers or cam-
paniles are built in this manner with excellent effect, hoth in an architece-
tural and in an engincering point of view.

12, Arches in brick-work are plain or rough, cut or gauged. Dlain
arches are built of uncut bricks, and the bricks, being rectangular in section,
while that of the arch is wedge;shaped, the inner or lower angles of the
uncut bricks should be in contact, and the wedge-shaped voids between
them must be filled with mortar: if the arch is of so small 2 radius as
to leave large voids, broken brick may be mixed up with the mortar used
in filling these interstices ; mortar for arches should be more carcfully made,
and thoroughly ground than that required in ordinary walling. In con-
sequence of this inherent défect in uncut brick arches in extensive contina-
ous works, such as sewers, tunnels, vaults, &c., il is advisable to make
them iu thin independen@rings of half-brick or one brick thick, as the
case may be; that is, a one foot arch should be in two half-brick arches,
and a one and a half foot arch in three half-brick arches. Tt is evident that,
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by this mode of construction, & greater quantity of the solid material comes
into the back or outer ring of the arch. than into the lower one; and if
they had been bonded together into one arch, all that differcnce must have
been made up with mortar.

(lauged arches are composed of bricks which are cut and rubbed to
gauges and moulds, so as to form perfectly fitting parts in the arch.
Gauging is not only applicable to arches, as it means no more than the
bringing every brick exactly to a certain form, by cutting and rubbing, or
grinding it to a cerlain gauge or measure, so that it will exactly fit into
its place, as in the finer works of masonry.

13, Wall-plates are required to receive the ends of all joists, so as to
distribute the weight of the floor or roof to which they belong, equally along
the walls,  If the joists resied singly on the naked bricks, their thin edges
would crush those immediately under them. Lintels are sometimes used
over square-headed windows and doors, instead of arches in brick-work,
when required to preserve the square form and receive the joiuer's fittings,
but they should always have discharging arches over them, and should not
tail into the wall at either .end more than a few inches, in order that the
discharging arch may not be wider than is absolulely necessary. If, how-
ever, discharging arches be not turned over them, the lintels should tail in
at each end considerably, and havé templates or wood-bricks running right
through the wall placed transversely under them. Flat arches should, how-
ever wherever possible, be preferred to lintels. Discharging arches should
be turned over the ends of beams. They#may generally be quadrants of a
circle, or even flatter, aud should be turned in two or more half-bricks over
doors and windows, and other wide openings, but over the ends of beams
they nced not be more than a half-brick thick.

14, Wooden bricks arc used to prevent the necessily of driving wedges
ingo the joints of brickwork to nail the joiner's work to. They are pieces
of timber generally cut to the size and shape of a DLrick, and worked in
as bricks in the inner face of a wall, where, it is known that the joiners
will have occasion for something of the kind. Punkahs, and the requisite
arrangements for pulling them, wall shades, accoggrement pegs, shelves,
and all fittings should be carefully provided for in the working plans of
all buildings' requiring them. .

15, Chimneys.—Not the least important part of the bricklayer's art ix
the formation of chimney and other flues. Chimney flues aré plastered or
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pargetted with a mortar in which a certain proportion of cowdung is mixed,
which prevents it from cracking and peeling off’ with the heat to which it is
exposed. Experiment has proved that a tapering and nearly cylindrical flue
of a small bore is the best for carrying away smoke. Of course, too, the
bore should be regulated by the size of the fire-place, or rather by the
quantity of smoke to which it is required to give vent. In laying out the
fire-place all the lines should converge towards the throat of the chimney,
which should be contracted, and immediately over the fire, because as soon
as the sides of the throat are heated, air begins to ascend through it. The
flue should widen out again alove this contraction.

Plastering has been already treated of in Arts. 103 and 228, et seq., and
the Coloring of Walls in Art. 141, Vol. L.



CHAPTER XXV.

FLOORS.

16. Brick-on-edge Floors.—These should be very carefully made. In
the first place the ground should be truly levelled, (or, if the floor is in-
tended to have a slope, made parallel to it,) and thoroughly consolidated
by being well rammed. On the surface*so prepared, which should be 1
foot 3 inches below the intended level of_ the floor, a layer of dry sand
8 inches deep must be spread, as a preventive against damp and white
ants; on this two courses of bricks are laid flat, and set in mortar; this
will leave 6 inches for the uppermost, or brick-on-edge, course. The best
shaped and burnt bricks should be picked for this course; their surfaces
which are to be placed in contact should be rubbed perfectly smooth so
that they may be laid duite close to each other, with merely a thin joint .
of the finest cement between them which should be thoroughly well ground ;
care should be taken that thc workmen covers the side of the brick last
plnce:l with mortar before he places the next one against it. 'When finished
the joints should be carefully filled in with a little chunam and water.
When the floor is not required to be very solid, one of the courses of
brick flat is omitted. The bricks-on-edge are usually laid in parallel rows,
breaking joint, but sometimes in herring-bone bond.

The practice of covering brick-on-edge floors with a thin coating of
terrace is objectionable; il seldom is of sufficient substunce to be lasting,
and native workmen are, chiefly desirous of using it for the purpose of
concealing coarse work. If the floors be made as above directed no
terrace can bé required.

For brick-on-edge floors, small bricks have been recommended, but if
large bricks be used there will be fewer joints between them, and 12-inch
bricks may be very well burnt if proper care be taken.
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17, The above description of floor is recommended for Store rooms or

godowns, on which heavy weights are likely to be placed, but for cutcher-
ries, jails, hospitals, cook-rooms, &c., &c., substantial Paviig Tiles 15 or
18 inches square, and 2 or 2§ inches thick aregeonsidered preferable.

When paving tiles are used for floors they should be correctly squared,
and their edges trimmed, that they may be laid with precision and their
joints made as fine as possible. They arc laid on the same.foundation
as the bricks-on-cdge, and afterwards neatly pointed with the strongest
cement. Their surface of course must not be rubbed, as it would destroy
the glazing of the tiles.

When Flag Stones are procurable, they are, in many cases, to be pre-
ferred to any of the above descriptions of floor, as being more durable
and less casily injnred; but care should be taken to avoid those descrip-
tions of stone which imbibe and retain moisture. They are laid in the
same manner as tiles, ¢

18, Terraced Floors depend for their excellence on the goodness of the
mortar, and the care taken in beating it. The process in the Upper Provin-
ces is as follows :—First, the ground is prepared and sand laid as with the
other kinds of floors; then kunkur or broken brick with a little thin mortar
poured over it, and well beatcn; then a layer of a good building mortar of
fresh kunkur, lime and bujree, or of stone lime and soorkhee, to be kept
tharoughly wet, and well beaten by light hand rhallets (thappees), till the
mortar is sct ; the soorkhee mortar will require most labor. If the mortar
has been well ground, one layer of 4 inches thick, beaten down, to 3
inches will suffice. This process of beating will bring a large proportion of
lime and the other finer particles of the mortar to the surface, which, when
the beating has been carried far enough, may then be rubbed smooth ; and
before it is allowed to dry completely the surface may be enamelled with fine
lime, 1aid on with a brush and polished with a trowel. The greatest care
must be taken to allow no part of the work to dry from its commencement
till it is finished, especial care being taken at the joining of different day's
work to blend them so thoroughly that the lines of juncture shall not be
discoverable ; covering the work with a thick layer of wet sand as soon as
the surface is set, is a good plan to keep it moist. |

Thix is the practice in the N. W. Provinces.” In Bengal, liowever, the
method is different. There the terrace is not composed of mortar, but of
brick broken to small pieces so as to pass throngh a §-inch ring. This is
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spread 6 inches thick, on a single course of bricks laid flat immediately over
the sand, and mixed with & certain proportion of dry lime; when this has
been thoronghly mixed, waterdis added, and the whole raked up and turned
over by men with phourahs ; the surface is then carefully levelled off to the
correct slope with long straight edges, and then the whole is beaten with
mallets till it is reduced to two-thirds its original thickness, and the sur-
face becomes nearly smooth ; when a layer of mortar three-eighths of an inch
thick is laid on and also beaten. The surface is finished, off by a very thin
layer of lime laid on moist, and well rubbed in with a good deal of pressure.
It is of the greatest importance that the whole work be kept moist until
complete, and when finished, be covered with matting or otherwise protected
from the syp, and occasioually moistened so as to prevent its drying too
quickly.

Terraced floors though very common and well adapted for private houses,
ure not suitable for public buildings, as they soon get broken from the
wearing of fect, and are very difficult to repair. A britk floor is in every
way to he preferred for such buildings.

19, Iiix greatly to e regretted that a systematic atlempt has not been
made go iutroduce the manufacture of Colored Tiles into this country, so
adwirably adapted for floors of all sorts, from the plain colors which are
suited for Churches, Barracks, Court-houses, &e., to the beautiful encaustic
patterns which would answer so well for private housw

Glazed Tiles of several colors are however made at Mooltan, Dcllu, and
a few other places, which are used for Hally, Charches, Verandahs, &e., but
the glaze is objectionable as apt to chip oft and as being 1oo slippery.

«20. In a dump climate, such as Bengal, where special precautions are
requisite to prevent moisture from rising out of the ground, Flues are some-
times formed under the floors by means of walls from 9 to 12 inches apart,
and of about the same height and ~t'ludmus these flues should be well
plastercd throughout, and built of the hardest brick procurable. Their ends
should also be carefully closed by iron gratings to prevent their being inha-
bited by vermin,

Hollow earthen pots or drain tiles may also be used under the floors, but if
ralts are present, their crystallizalion will soon destroy the pottery.

21, Asphalte, or rather asphaltic cement, makes an cxcellent floor;
the best is that in which the limestone is found impregnated naturally
with Dbitwmnen, and is in’ Fingland called Seyssel asphalte, from the place
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where that first imported into England was quarried ; the proportion in it
of calcareous matter to bitumen is as 83 to 17, ‘and the amalgamation is
more perfect than in the cement composed of bitumen and chalk or pow-
dered lime stone, made in imitation of it.

In using the natural asphaltic cement, it must be ground to a fine
powder, sifted, then mixed with about one-fifth of its weight of pure
bitumen, and heated in an iton boiler, taking carc to stir it well the
while,—when thoroughly mixed and of a proper consistency, it is ladled
out with an iron spoon, and is spread on the floor, of the thickness required,
in rectangular iron moulds (which should be as thin as possible consistent
with strength) without bottoms. These moulds having Leen previously
smeared over with a thin paste of loam, are then removed andgthe process
repeated by placing them close alongside of their former position. The
narrow joints left must be filled with hot composition, pressed in and
smoothed over with a hot soldering iron. Ure stafes that boiled coal tar,
and thoroughly dfied limestone, chalk, or even brick-dust in powder
answers equally well, but it may be doubted whether, though probably effi-
cient and almost cverywhere procurable at a much lower cost, any freshly
made compositions can equal the natural cement in resisting alteration from
extremes of heat and cold.

The natural cement has likewisc the advantage of being less inflam-
mable, in consequence of the bitumen being more thoroughly amalgamated
with the uninflammable® basis of the composition than in the factitious
cement. Loudop, in his Encyclopedia of Cottage Architecture, gives the
following recipe,—Take 18 parts mineral pitch, 18 parts resin, put them
into an iron pot to boil, taking care that it does not burn; then stirin
60 parts of sand, 30 of small gravel, and 6 of slaked lime. These mate-
rials should be thoroughly dry. Two inches is & sufficient thickness for
ordinary floors.

23, The composition used in this country by Professor O‘Shaughnessy
for the protection of telegraphic rods, laid under ground, consists of 120
parts (by weight) of pure resin (American) and ‘300 sand; it has been
recommended for the lining of cisterns, and other building putposes, and
the following is Dr. O‘Shaughnessy's description of the manner of using
it for coating floors, cisterns, &c.

The resin is melted in an iron vessel, the sand stirred in and well incor-
porated with an iron stirrer, and the whole poured when of the consistence
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of treacle. Great care must be taken to prevent the resin from taking
fire, or charring by too prolonged or too high a heat.

The cement thus prepared may be cast into bricks or tiles, or poured on
floors or roofs or on planked flooring, to sll of which it firmly adheres.
Joints are readily and securely made by pouring a little melted resin or
pitch into the line of juxtaposition of the bricks or tiles, and cracks are
filled up in the same simple way.

A tile of this kind 12 inches square and 1} inches thick, weighs 387
tolas. If carefully prepared, this cement is totally impermeable to water,
and is not affected by the fiercest solar heat. It withstands dead pressure
better than common bricks or tiles. .

The composition is brittle, so that for roofing or flooring purposes, it is
very much improved by slips of bamboo being inserted in it while soft. A
very coarse Durmah mat placed on its surface while still soft is a great im-
provement to it for flooring purposes, and if used in a thoroughfare, a thin
layer of ‘sand or road dust laid over it while hot will be found to preserve
the surface frem abrasion. It need scarcely be pointed out, that notwigh-
standing the unquestionable and remarkable advantages derivable from the
use of this cement, it is open te the very serious objection of being dan-
gerous in cases of fird.

The ordinary cost of resin is Rs. 2 per maund. At this rate, not
including the slight cost.of fuel for melting, and the labor of preparation,
this cement cost Rs. 7-8 per 100 superficial feet of 14 inches thick, and
price of sand not included, would cost Rs. 0-7-7 per maund of 80 pounds
avoirdupois weight.

23, In the greater part of India timber is so expensive and so many
causcs are at work to destroy it that Wooden Floors, so common in
England, are rarcly used, except in the Hill stations, In houses of more
than one storey they are however almost indispensable for all but the rooms
on the ground floor. The planks are nailed to joists which rest on tim-
bers stretching from wall to wall, which arc secured to wall plates in the
wasonry, s jn the case of a flat roofl

Vou. i



CHAPTER XXVI.

ROOFING.—FINISHING.

Tue Construction of the flat “or sloping timber supports commonly used
for roofs having been already treated of under the Section CaArPENTRY, it
remains to give further details of the Roof Coverings employed, and to
add some account of the Jron Roofs which are now so extensively used both
in India and England. ,

24, The coverings of flat roofs are various. In the Punjab, one of
the most usual consists of a course of bricks or flat tiles, or*slabs of stone,
united by lime mortar completely closing all the seams, and above the
bricks a layer of earth, 8 to 6 inches thicle, well beaten*down. This makes
a good roof; but to ensure its being =o, the earth must be both prepared
and applied with much care. As for brick-making, so also for roofing, it
must not be a hard stiff clay, which soon cracks in the sun’s heat, nor a
loose sandy soil which rain will readily penetrate. A good brick-earth
makes a good roof eovering. Such roofs require frequent beating to con-
solidate the layer of earth. This is termed & Kucha-Terrace roof.

As a bed for the covering of earth, a layer of the reeds, called surkunda,
laid down over the horizontal rafters in small bundles tightly bound and
closely packed, may be used instead of bricks. This is a convenient and
economical method, the material itself being cheap, the wood also not
requiring to be laid so close as for bricks; and where the clay is good,
and the roof not liable to be attacked by white ants, it is found to answer
well. The small twigs of a common jungle shrub, called sambhdloo or
samdloo, are successfully employed as a substitute for surkun’, and there
are many other straight branched shrubs ant trees, as jhdo (tamarisk), and
such like, which may be similarly used.

25. To get rid of the chances of failure from the use of unsuitable soil,
a8 well as to avoid the unsightly defacement of the outer walls caused by
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the discharge of muddy water from the roof sfter rain, the earth is often
dispensed with, and the Whole upper surface of the roof plastered. The
prevention of leakeage may be further secured and the coolness of the
building promof'nd (at the expense of additional weight upon the beams) by
a second course of the bricks or tiles laid over the joints of the lower
course. This roof is known as a Pucka Terrace roof and its construction
i8 very similar to that of the terraced ficor. The room to be roofed having
been covered with beams, of size and interval between them calculated for
the weight to be borne, these are again covered at right angles by small
joists or battens, called burgahs, ususlly about 8’ X 8 inches in section.
They are laid 12 inches apart from centre to centre, so that “the bricks laid
across them, to form the substratum of the terrace floor, may just butt
against each other. Where flat tiles about 1 foot square and from 1
inch to 1} inch thick can be obtained, they are preferable to bricks, but
two layers of them must be used, the first laid square across the burgahs
and the upper set breaking joint with them diagonally or otherwise, and
with a thin joint of good mortar between them. The terrace is then laid
over this in the same manncr as in terraced floors, particular care being
taken that sufficient slope is given to the surface to carry off rain water
quickly. This is generally done by an additional thickness of terrace at the
centre, to avoid the unsightly appearance that beams laid with & slope would
have from the interior, but in godowns, barracks, &c., where appearance is
not of snch consequence, the requisite slope should be given to the beams
and the terrace Le made the same thickness all over. At the junction of
the roof-covering with the wall, the terrace should be lapped over the upper
surface of the latter at least G inches : the parapet being carried up after-
wards if necessary, on the top of this,

Three layers of tiles laid to break joint, the upper layer being covered
with a thin coat of plaster, well polished and oiled, forms a very durable
fiat roof, and possesdes the advantages of being more quickly made und
lighter than a terrace-roof.

The following is a receipt issued by Captain Glover, to officers on the
Western Sumna Canals, for filling up cracks in pucka roofs to which they
are very liable. Linseed oil (‘ulsée ka tel), 2 seers. Resin (dhdna or rdl),
2 seers. Pumice stone (jhdma), 1 seer. . “ Boil the oil, and then, having
first pounded it very fine, mix the resin well with it, and last of all the
pumice stone, also pounded very fine. The cracks should not be disturbed
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or dug out with the trowel, but the liquid mixture poured in and then
merely smoothed over the surface.” .

26: To overcome the difficulty of obtaining timbers for roofs of a large
span in this country, many substitutes have been tried, such as the Syrian
and Bind tiled roofs, described in Chap. X1V.

A new kind of roofing has also lately been introduced, which appears
well adapted for ordinary building purposes. This consistd merely of an
Arch of one ring of brickwork, starting from two metal or wooden wall-
plates or ‘skew-backs built into the wall, the outward thrust being met by
iron tie-rods running from wall to wall, and securely fastened into the wall
plates. Mr. W. Clark, Engineer to the Calentta Municipal Commissioners,
the patentee of this invention, has roofed a workshop of 40 feet span in
this manner, with an arch of 64 feet rise, tied by double rods 1 inch in
diameter and 7 foet 9 inches apart, at a cost of 12 annas per square foot.
His wall plate he forms of two strips of boiler plate iron arranged thus
=, onc vertically and one horizontally; the vertical one being on the
inner gide; built into the wall so as to prevent their buckling. ¢ The
ends of the tie-rods are formed into loops into which the horizontal plates
are passed ; the tie-rods pass through holes made in the vertical plate;
against the: latter the bricks are placed on end,* and the skewback is so
arranged as to bring the centre of the thrust on the.edge of the horizontal
plate, through which it is communicated to the tic-rods.” 1In places where
iron plate is not obtainable the tie-rods 1‘night be bolted through an ordi-
nary timber wall-plate, or through a solid stonc, as has been done where
that material is plentiful. By filling in the haunches abovethe arch, floors
may be made‘on this principle. Arched Roofs, with or without iron ties,
bhave been largely used in the East India Railway Stations, and other build-
ings in Northern India. They are qurable and water-tight, but are said to
be hot.

22, Sloping or pitched roofs are generally covered with thatch or tiles,
in this country. For Tiles, a slope of about 27°is recommended. What-
ever description of tiles be used they should be bedded in mortar or cement.
A layer of flat tiles underneath the ordinary tiles of the country will gene-
rally be found to ensure a water-tight and comparatively cool roof, but it
"of course adds much to the weight. Tn al tiled roofs the eaves require to
be very cafefully and strongly constructed, as the displacement of the eave

* gec Calcutte Lngineér's Journad, Aug. 3rd and November 18th, 1859, and 1st October, 1861,
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tiles is otherwise a constant source of trouble and expense. Tiled roofs
should be protected by gable-ends to prevent wind getting underneath
and shaking the tiles.  °

28. Goodwyp's T'iled Roofing has slready been partially described in
para. 50, Vol. L., where a drawing is given of that construction. The
followjng additional details are taken from s report by the late Captain
Sharp, Exec. Engineer, Mean Mecr.

Deodar battens, 8 X 2 inches are nailed on the purlins at twelve inches
from centre to centre, on which are laid twelve-inch square tiles, two
inches thick, well fitted, ccinented at the juints, and pointed underneath ;
a layer of good mortar about one and a half inches thick % then laid, in
which the pan-tiles are well embedded at regulated intervals, which are
filled up with mortar, and over them the round tiles carefully fitted and
set. The caves terminate in a masonry cornice, as shown in the figure, and
the ridges are covered in with round and flat tiles, expressly made for the
purpose; gable ends liave been adopted as better suited to this description
of tiling ; the slope of the roof 28°. Afier the tiles had been laid the joints
were carefully pointed, aud the roofing kept well wetted during its construc-
tion, and for ten days afterwards, by means of watering pots used from the
ridge of the building, not in a stream down the roof, but merely sufficient
to keep the whole saturated.

.

(1) Wrienr or TiLING PER SQUARE FOOT.

One square iile, 12 X 12 x 2 inches, - - - ?‘.;
Onc pan-tile, - - - - - 6
One round tile, - - - - - 4
Onc and a half inch of mortar, - - - .- 12
Total, - 41
(2) DeraIL oF Lasor AND MATERIALS PER 100 SQUARE FEET.
Labor. R A P Materials, R A P
4 Matemason,@ As. 6 0 2 6| 100 Squaretiles, @ Rs.25- 2 8 0
10 Masons, » 4 2 8 0} 110 Pan-tiles, } 5- 8 4 0
3} Grammie, , 2} 0 0 %0 | 110 Round tiles, »
2 Bheesties,, 2k 0 5 0| 25 Maunds of kunkar lime,
} Carpenter, , 4 010 @Rs. 15per100, - 3812 0
1 Matc coolie, ,, 2 0 1 4| 24 Stonclime,@Rs. 1, - 2 8 0
14 Coolies, » 2112 0 Scaffolding, &c., - 060
1 Coolle, » 1} 01 6
Establishment, 0 26 R
Total Rs,, 6 2 7 . Total Rs., = 1210 0



22 ROOFING.—FINISHING.

*20, Atkinson’s Tiled Roofing.—Atkinson’s pattern consists of two
layers of tiles, the upper being Italian pantiles, laid in cement over cylin-
drical tiles. '

(a.) The cylindrical tiles to be 12 inches long, 4 inches external dis-
meter, and half inch thick, fitting one-half inch into each other, with s
shoulder and socket joint; a lip, to rest on the timbering, to be waised
on at half ad inch from the shoulder; two holes of half inch diameter each,
to be pierced through the tile in line with the lip which is on the lower
gide of the tile. :

(5.) These cylindrical tiles being laid close, with their axes up the
slope of the r.oof, are to be covered with coarse mortar or fine concrete to
a depth of one inch, and in this, while still wet, will be laid Italian pan-
tiles. '

(¢.) The pantiles are to be 12 inches long and 12 irches wide over all,
and not less than half an inch thick.

(d) The mortar in which the tiles are laid is to be drawn up, so as to
fill the curved roll which overlaps at the vertical joint.

(e.) The lower edge of each pantile to overlap 3 inches the tile below
it. A lip to be raised on the under side of each tile to rest against the
lower tile and prevent slipping.

80. Of all roofs a good Thatch is the coolest and driest. In England,
thatch is made of unthreshed straw or occasionally of reeds; in this country
of long grass* laid on a frame work (jj4fari) of small bamboos placed over
the wood-work of the roof. This jdfari is made on the ground, of whole
bamboos laid in a lattice form like trellis-work, with intervals of about 6
inches, over which split bamboos are fastened about 2 inches apart, the
whole being tightly secured with string. Over this jéfari is laid the grass
in layers 3 inches in thickness; the first layer being generally attached
before the jdfari is p]aced on the roof.

Thatch ought to be at Jeast 9 inches thick and varies from 6 to 12
inches, requiring & fresh coat of 3 or, 4 inches in thickmess every three
years. The grass is bought in bundles called poolast which are broken up

® The best grass is that which bends easily without breaking, being wiry and flexible.

t A poola is » bundle generally about 5 inches in thickness, tightly bound ; but there does not
seem 10 be any very definite measure of its bulk. It is sald to be as much as can be grasped by the
two hande, separately, and weighs from eight to twelve chittacks, but the poola varies so much in
different distriots that it is well to purchase it by the 100 superficial feet, so many inches thick. Of
such poolas, about 320 are required for each 100 feet.
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and spread flat between two pieces of split bamboo. The thicker or lower
ends of the grass are dressed evenly to one line, and the grass ih its posi-
tion on the roof lies with these ends towards the eaves, These bundles
are then fastened to the bamboo frame-work, beginning from the eaves
upwards; and so overlapping each other that the small pieces of bamboo
whick keep them in position are not seen from the outside. All along
the eaves, larger but round bundles of grass are placed, the full thick-
nees of the thatch.: These like the others have their thicker ends down-
ward, and are packed as tightly as possible. The ridge of a thatched roof
is generally bound with & roll of sirkee laid horizontally. The same is

occasionally done under the eaves.
For thatched roofs, a pitch or inclination of 35 is recommended, but
that obtained by making the rise in the centre three-quarters of* the
half breadth of the building, is found to answer well.

] 5  This rule is further convenient as it facilitates the cal-
y culation of the superficial area of the roof; the breadth
4 4 of the sloping side—the hypothenuse of the right-

angled triangle—being then five-fourths of the same base or half breadth
of the building, with the addition of whatever projection of eaves may be
desired.

The following Specification for Thatched Roofing, a8 used in the Alla-
habad Circle of Public Works, may be found useful :—

Grassing.—Tho several descriptions of grass roofs are to be well and closely tied,
laid in one, two, or three layers according to circumstances, and in such manner as
the Executive Engineer may direct.

The quantity of grass, bamboos, and string to be used will in a measure depend on
the description of each procurable in the market.

Grass bundles of the ordinary size of Gurrur grass, from 100 to 150 bundles per
inch of thickness, per 100 superficial feet of roofing, will be required, and about 25
bamhoos (ordinary Pillibheet) aud 84 secrs string (%ax) to each layer of the coating.

The grassing of a roof will not be considered properly executed if it sink more
than one-eighth of its thickness with the weight of & man- standing on it.

Where the thickness of grassing is to exceed 8 inch:‘bwhen finished, it wjl be laid
on in three layers. The first not excecding one-third o the whole thickness may, if
ordered by the Executive Engineer, be of surput or khassa, or other reed or coarse
grass,and it may be, in the first instance, laid loose on the roof and tied tightly down
with battens not more than 9 inches asunder, the ties at not greater intervals than
9 inches, The second and third coats to be always of Gurrur grass made up into tat-
ties on the ground ; each of thickness sufficient to form one-third of the finished coat-
ing, the grass closely packed and tied with two battens below and two above, with ties
at intervals not greater than 18 inches, each layer of tatties to be separately laid and
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tied on to the roof with ties at not greater intervals than 9 inches. The whole surface
of the finished: roof to lie ovenly without rises or hollows.

Where the thickness of grassing is to be lesa than 8 inches, it may be laid on in two
layers ; both will be of Gurrur grass laid as specified for the upper two layers above.

The bundles are to be of the full thickness of the g-rass coating, evenly and tq,htly
laid, ent off squarely and neatly and perfectly straight.,

Where the rencwal of top coat has to be executed, the old top coat will be cntirely
removed. All hollows will be made up evenly with fresh grass laid under the buttens
of the lower coat, to which new ties wherever required will bo given, and the top coat
ofhew grass well then be laid on as above.

31. Tiles are sometimes laid over thatch. If very carefully done, and
the layer of thatch be thin, it may answer, but experience is much against
the combination; the thatch decays, the tiles subside, and the roof ceases to
answer its purposes. It protects the thatch from fire somewhat, whilst the
thatch so long as it is good, ensures the tightness of the roof, & difficulty
with tiles. ¢ '

82, A terrace roof may also be laid over a truss as well as over flat
beams, when the pitch is not too great. Purlins about 4 X 3 inches may
be laid from rafter to rafter, at 1 foot apart, or they may be laid at inter-
vals of 3 fect with & greater scantling, so as to support battens 12 inches
asunder. In either casc square tiles (12 inches square and 1% inch thick
are laid in cement on the woodwork, as in the case of Goodwyn’s tiled
roofs), and 8 inches of plaster well beaten may bo laid over them instead
of the round tiles. 'This makes a light and durable roof, but it is hot and
apt to leak.

ZLead and Zinc in sheets are sometimes employed as a covering for roofs.
The lead weighs from four to eight pounds, and the zinc from twelve to
twenty ounces, per superficial foot.  Slate is also in use to some extent ag
a roofing material in the hills.

83, Planking, with tarred scams, is a very common roof covering in
the Himalayan hill stations. It requires to be made in the most careful
manner, and of the most thoroughly seasoned wood, being exposed to very
trying #ternations of tengperature, as well as of dryness and moisture, and
exceedingly Liable accordingly to warp and crack; the inconveniences of
which only becomo known when the rainy season sets in, or when the roof
is covered with snow, at which times repairs are not easily effected. The
planking is sometimes covered with shect-iron, but corrugated sheet-iron,
galvanized, might well be substituted and is daily coming intd™use in India
especially for coverings for godowns, open sheds, &e.
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84, Shingles, which nre rectangular pieces of plank applied in the
same nanner as slates, are likewise much employed in the hills for roofing.
English deal packing cases, beer chests, &c., are not uncommonly cut up
for this purpose, the wood being we!l seasoned, and the hoxes seldom fit
for other uses.

Another material used for the roof covering of hill-houses is the com-
position called Oropholite. It is made of sharp river or pit sand and
chalk, with a admixture of litharge, all finely sifted and made into a paste
with linsced oil. This is spread on one or both sides of any kind of com-
mon coarse cloth, so as to form when dry, a sheet about three-eighths of
an inch thick, The shects when prepared are hung up to dry, and are
then applied in picces of such size as may be found convenient.

85, Iron Roofe~—~Under the section CARPENTRY, various trusses were
descriged of iron and timber combined. It remains to say something of
Iron Roofs, as that material is now so much employed both for the trusses
and the roof covering,

Iron Girders may be used in place of beams to Carry flat roofs; and
they may be of cast or wrought-iron, though the latter are now almost
universally employed as lighter and not liable to break suddenly, though
more expensive. They are usually made of this shape I, the upper and
lower flanges and web being composed of one or more thicknesses of boiler
plate, strengthened at the corners by angle iron, the whole counected by
rivets.  Of the strength of such girders®and tlieir requisite seetion to bear
a given load, something has already been said in Arts. 196, et seq., and
more will be said further on when we treat of the application of Girders to

Bringes. The formule in Art. 198, may be used in calculating their
WL

8D
S = sectional strain on centre of upper or lower flange in tons. !

I: = clear span of girder in feet.
W = uniformly distributed weight to be supported
D == depth of girder in feet.

The safe maximum strain on the flanges is usually taken at 5 tons
per square inch for wrought-iron, and the depth is generally made one-
twelfth of the clear span. So that for any given load and span, the
requisite secl.innal area of iron may be readily ascertained.

For estimating the weight of such girders the practical rule is—Zen
times the sectional area in inches gives the weight in lbs. per lineal yard.

YOL. IL E

strength, or the following, which is more generally useful, S = where
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When large spans are to be covered in, the girders may be wade
tubular as in the case of bridges.

The superstructure of girder roofs is various. Nmaller cross-girders
or wooden beams may be used, to carry square bricks and a layer of
beaten terrace as already described.  Or swmall brick arches may be turned
between the girders; this is a kind of roof that has latcly been much
employed in Upper India as very strong and durable.

36, Sections of some roof girders lately made at the Roorkee Work-
shops, are shown in the annexed Plate.

No. 1. Shows girders for a roof 20 feet and 15 feet span ; the number required for
a room 20 X 20 feet is two, with four tie-rods, and four washer plates ; and the total
cost Rs. 215, or Rs. 0-8-9 per square foot. For a room 15 x 20 feet, the same
number of girders and tics would be required ; the cost would be Rs, 120, or Rs. 0-6-3
per square foot. .

No. 2. Shows girders for a room 22 feet span, three girders and tic-rods are re-
quisite for a room 22 x 22 fect, and cost Rs, 334, or Ry, 0-11-0§ per square foot.
The verandah girders are placed 6 fcet apart, and cost ger square foot of room
covered Rs. 0-9-6. THe girders in drawings, Nos. 1 and 2, are intended to have brick
arches between them, springing from the lower flanges.

No. 3. Is fully explained by the different sections shown, the top flange supports
& heavy brick arch, and to the hottom flange a cciling of 8-inch 541 planking is at-
tached. The total cost is Ris. 7,000, or Rs. 2-10-5 per square foot.

37. Iron Trusses are usually made of single or double angle-iron,
the various parts being bolted jogether and rod-iron being often substi-
tuted in the suspending picces. DPurlins of angle-iron or timber purlins
are usually bolted to the rafters, on which a covering of Tiles, Terrace,
&c., may be laid in the usual mapner.  Corrugated Iron is also much
employed in such roofs, but it is too hot for buildings unless laid over
some good non-conductor of heat, such as planking or felt, and both these
are perishable ; for stores, workshops, &e., it is however excellent.

The strength of the several parts of an iron truss may be calculated
in the same way as has alseady been explained for wooden trusses, nsing
of course the proper co-efficients for iron whether in compression or
tension.

38. Somo drawings are here given of Trusses lately made up in the
Roorkee Workshops.

No. 4; Shows a corrugated galvanized iron roof on wrought-iron principals, the
area of the room that it covers is 1,260 square feet, and the cost fixed, Rs, 1,260, or
1 rupee per square foot,
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No. 5. Is a design that was got out for Canal chowkies ; it was circulated amongst
the Canal Officers, and resulted in orders being given for the iron work of two chow-
kies. For the roof of a room 20 {ect square, three principals are required ; which, at
Rs 28 each, is Rs. 84, or 3 annas 4'3 pie per square foot.

No. 6. Was got out for the roof of the Scientific Ifall, Allyghur. The price of
each principal is Rs. 80, and the cost for a building 30 X 60 feet would be at the rate
of 6 annas 4'8 pie per square foot ; if the angle iron purlins are used, the cost of them
and the principals would be at the ratc of 14 annas 7 pie per square foot.

89, Annexed is a plan showing details of the roof of the new Custom-
house at Rangoon: the calculations for strength and weight are given, as
a useful example.

Columns for Upper Story to support iioqf.

.
Weight of Roof—Bearing boams 1 x 11° x 25X 1% 4661 = saso7
Cross do, 2x10" x 22X x 4601 = 38841
9.
Joists, 18 x 5} x ilﬁi x 4661 = 22711y 43510
Terracing and flut tiles 11 x 10 X 65 = 7,150-00

Total dead weight on cach column, 8,585-19 .

Tet W = breaking weight for long columns by ITodgkinson’s formula = 44-34
36

—D—F;,—-d'— , D being external diameter = 4 inches, d internal diameter = 3 inches,

36 _ 336

4
L the length = 15 fcet. 1In this case 4434 —rg—— = 4211 ; also ¢ = crushing
force of iron (44 tons) X sectional arca of columns = 07854 x (4 — 3%) % 44 =

2419 ; then the actual breaking weight :or short colunns = W +c_§—c = 4557 tons,
which taking the factor of safety as 4, gives the working load = 45:157 = 11-34 tons,

or 25,401 1bs. ; thus giving an excess of strength sufficient for all contingencies.
Columns for Lower Story, to support Flooring, with weight of Columns and Roof

above.
17 %X 10
Floor.—Bcaring beam 11 X ——i;(—[— X 46'61 = 605-28
13x9
Cross do, 2 % 10 X -—]-454-_ X 4661 = 75741
. 6 X4 . -
Joists, 18 X 5} X -—-——lTr X 4661 = 76906 2,131'75
Weight of tiles and mortar, - - - - - 7.15000
» ofgoods1l x 10 x 400, - -~ - - 44,00000
»  of columns of upper story, - - - - 60000

»  of roof and each colunm, - - - - 858519

Total deau weight on each columm, - 62,466°94 1hs,
D¥s — P36
Let W = breaking weight of long columns = 4434 g = 284+05 tons,
where D = external diameter = 7 inches, and d internal diameter of column = 5}
L J



28 ROOFING.~=FINISHING.

_inches, L = length in feet = 15 ; also ¢ = crushing force of iron X' sectional area
of column = 44 x 07854 x [7* — (5)})"] = 647'95; then crushing weight for
short column = W‘% e = 239 toms. o

Taking the factor of safety as 4, this will give a safe working load of ek 5975
tons, or 133,840 Ms. ; which will be sufficiently strong for all contmgencxes

Girders and Columns for Shed of Custom-House—The columns are to be 15 fect
long, placed at intervals of 20 feet apart, cach supporting four trusses with roof cover-
ing and one girder of weight estimated below:—

WEIGHT OF GIRDERS,

. feot. s, per foot, s,
Rafters, 40 825 330
Struts, 20 500 100
Purlins, 80 2:30 200
Tie-rod, 37 332 123
King-bolt, &5 2:00 18
Queen ,, 65 1-00 65
Ridge, 5 400 20
»  Dlate, 5 1200 60
Tiles, 5 x 40 1-50 300
Gutter, 5 27-64 1382

Total weight of truss and covering, = 1,290-7
Total weight on each girder 1,2907 x 3 = 3,872-1
leaving the pressurc of the wind out of consideration, as the roof is protected by the
buildings.
Let W = breaking weight of girder.
L = distance between points of supp.'t, . . =20 feet.

D = whole depth, - - - - - =10inches.
d= » lower flonge, - - - - - = 8§ ,
B = breadth of . - - - - - = 8 ,
b = thickness of web and rih, - - - - - =1
I_(B—
then W = 3. BD S:JJ)E = 14:72 tons.

Thus gives a safe working load of 1—44‘—? = 38 tons, or 8,243 1bs., to mect a dead

weight of 8,872 Ihs. equally distribated at three points, thus giving an excess of
strength sufficient to moet any occasional pressare from wind, &e.

WEIGHT ON COLUMNS.

Each column supports four trusses with roof covering, and weight of girder.
Weight of 4 trusses =4 x 1,2907 - - - - .  =5]1628
Weight of girder (estimated at), - - - - - . 1,768

-

6,930°8 1bs.
Columns.are 15 feet long, 4 inches external end 3 inches internal diameter, which
gives, by previous ealcnlation, a safe working load of 1134 tonms, or 25,401 s, ; this
being sufficiently strong to meet any occasional strain from wind, &c,
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40, The walls of the building having been erected aund roofed io, the
interior plastered, and painted, colored or papered, and the flooring having
becn laid down, it only remains to describe the details of finishing it, so
that it may be fit for residence.

Verandahs are generally considered indispensable in all Indian houses
built in the plains; they protect much of the main walls from the direct
rays of the sun, and shade the doors and windows from his glare, while
giving a pleasant lounge in rainy weather. They may Le from 6 to
12 fect wide, 8 to 12 feet high inside, and with a flat or sloping roof
supported on arched openings or pillars and architraves.  Their floors
should be raised to the same level as that of the rooms, and steps provided
outside. Much of the appearance of a house depends on the style of the
verandah,

41  Doors and Windows.—Doors in Indian houses are gencrally made
douvle, so as to occupy less space when open: they may be pannelled or
glazed—or part pannelled and part glazed—they vary in size from 6 x 3
fort. to 8 % b fect in the clear, and are hung on choukuts or door frames
bu. into the masonry.  When more light is wanted, rectangnlar or semi-
arcular fan-lights may be fitted over them. Tor the external openings, -
Venetian doors may be added on the outside to keep off the glare and admit
the breeze. Doors may be painted white, or stained and varnished.
Brass hinges and fastenings are a great improvement to their appearance,
nd the employment of colored glass has a good effect.

Windows are gencrally made like doors, the sash arrangement being
seldom seen except in houses in the hill stations. Upper windows are
usually provided for ventilation, moveable on a central pivot, so as {o e
opened by a cord from below; they should have sun-shades outside, of
wood or iron.

42. The roof timbers of a flat roof are generally left exposed in case
of attack by insects, and if stained and varnished, or painted, look well
enough. The timbers of a pitched roof are generally covered by a Ceiling
cloth, which should be carcfully stretched on a frame, made in pieces, and
securely nailed to the wall plaics on the top of the cornice, and the bot-
tom of the king-posts of the trusses.

43, The construction of chimneys has been treated of above. As
wood is used as fuel instead of coal in the Fireplaces, the iron grate may
be dispensed with, and a small platform of masonry substituted, with a per-
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forated iron plate to give a draught. The chimney-piece must be left to
the taste and fancy of the architect, but the sides of the fireplace should
be splayed out more than usunal, in the colder provinces, to throw out the
heat,

44, Punkchs may be hung from strong iron hooks screwed into one
or more of the beams supporting a flat roof, or they may be suspended
from the tie-beams in the case of a trussed roof'; the framework should not
be more than 18 inches wide, with a deep heavy fringe, and may be orna-
mented at pleasure. Sometimes a bar of carved heavy wood takes the
place of the ordinary rectangular frame of wood and canvas. With brass
rings and thin colored cord, with the framework tastefully painted, and the
fringe prettily edged and of good material, punkahs may be made orna-
mental to a room, instead of being the unsightly excrescences they gene-
rally are.

A design for a drawing-room interior is given in the Plate.









CHAPTER XXVII
DESIGNING.

45. In designing a building, the first thing to be thought of, and one
which should not be lost sight of throughout, is the object or objects it is
to serve and all the requisites of strength, convenience, beauty and econo-
my for the attaimment thereof. By beauty is not to be understood the
mere presence of ornament. A building utterly devoid of ornament may
possess great beauty architecturally, from the perfection of its proportions
gencrally, the variety of outline resulting from the projection of some of its
parts and the difference of relief, 7 e., height, given to them, and its ap-
pearance of harmony with the use it is intended for; on the other hand,
pretentious buildings, introducing columns, with elaborate entablatures and
a multiplicity of mouldings, each good in and by itself, may be utterly de-
void of all architectural beauty.

46. A very cssential point to be attended to is Ventilation ; "the air
entering by the doors should be able to escape by means of aperiures in
the roof, so that the whole of the air within the apartment may be fre-
quently changed; and light should be admitted from above. It must be
admitted however that the proper method of ventilating and cooling
buildings in a tropical climate is not yet well understood. The ordinary
rules for ventilation are often inapplicable in India owing o the extrcme
heat of the external atmosphere, which renders it necessary to exclude
it entirely during the day, unless previously cooled by some artificial
process. The ordinary method of doing this is by means of fatties or
grass screens, placed in the doorways_ to windward and kept constantly
wetted. This method is however cvidently cfficacious only when a strong
breeze is blowing, and when the wind is dry and hot; when the air is moist
and stagnant, the latter ceases to act, and it is necessary to create a current
by artificial means, such as a thermantidote, or other species of blower; and
in general the air inside the house is cooled temporarily by agitating it with
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punkahs, which however evidently serve uo.purpose of ventilation and do

Sotygven really lower the temperature. To secure a thorough draught
through the rooms, numerous doors or windows are provided, and opposite
to each other, and this answegg well when a sea-brecze is blowing part of
the day, or in ordinary cases when the external atmosphere is tolerably
cool, at least at night. But more than this will be needed when the air
-is hot and stifling, The floor of the room should be raised and flues
provided underneath throngh which cool air can be forced by machinery
and admitted through minnte perforations in the floor, and the foul air
carried away through a perforated cornice above, or by ventilators in the
roof. ) .

47, Another point to be considered is the aspect of the building with
reference to prevailing winds, use of taities, topographical peculiarities of
the ncighbourhood, &e. In Upper India the long sides of barracks are
generally made to face the west and cast, so that one of these may be
exposed to the westerly wind ; as liowever a honse whose long sides face the
north and south is most sheltered from the sun, it is best so placed when
westerly winds are not prevalent. This point determined, the out-offices
must be distributed conveniently, yet so as not to interfere with the object
sought in the first instance.

48, In dwelling houses, the habits and wants of the occupants must
all be carefully considered; but these are so infinitely varions thal the
young architect can be here only cautioned not to neglect them whenever
called upon to prepare a design. Lvery kind of fitting, especially such as
have reference to lighting, warming, ventilating or cooling the rooms,
ghould be determined upon beforchand. The nature of the materials will
next be considered as regulating the thickness of the‘walls; the relative
position of the various rooms will, with reference to economy have to be
regulated by the ease or otherwise with which they can be roofed, except in
flat roofed buildings, wherein each room is roofed independently of the rest,
and in such honses convenience can chiefly be studied, economy providing
for as many partition walls as possible, which can be thinner than those
supporting the beams of the roofs.

49, Oneof thefirst points to be determined in framing the design of a
house, barrack, or other dwelling, will be whether the building is to consist
of more than one storey or not. In Northern India, Upper Storied IHouses
are rare, chiefly because the ground is of little value and rooms arranged on
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one floor are more convenient, whilst. the building itself is less expensive;
bul where ground is valuable, as in the Presidency fowns, upper storied
houses are common, and there is no doubt that rooms on an upper floor
are far more healthy as dormitories. lndce’, m damp climates, such as
Bengal or Burmah, they shonld le regarded as indispensable.  The spe-
cial points o be attended Lo in desiguing an upper storied ‘building are—
1st, That the foundations arc strong envugh to cry the weight of the
building ; 2nd, Thal the masoury of the walls is good and well bonded,
and gradually diminishe Tin thickness upwards, aceovding {0 the number
of the stories; 3rd, That due provision is wmade for the ventilation of the
lower vooms; -lth, That convenient staireases are provided for ascent into
the upper stories. '

50. Lvery kind of building whether public or private will of course
have to e designed according to the specitic purpose for which it is in-
tended ;s amd so nureerous are those parposes that it would e obviously
impossible to enumerate or even classify them s a fow hints mdy however
be aceeptable for the mosl common hind of Luildings \\hivh.thc)uung
Engineer in India may be ealled upon to design.

Private honses, =11 on two stories, the sitting rooms shonld be arranged
below, the bed yooms above; an entrance hall is a convenient arrangement
in a large hou-c, from whick the principal stuirease will ascend into the
upper storey.  The size of the roums will he affeeted by various considera-
tions, and thewr proportions also.  For a drawing-room or Library, if ihe
length ix half as much again as the breadth, and the Leight the same as
the breadth, the elfeet will be harmonious 5 a dining room may be longer
in proportim.  Recesses may be provided in the walls of rooms for hook-
cases, Tor cupboards, or as niches for lamp or staluary, as the case may be;
bt sufficiont wall space should be left for pictures. ©

Bow-rooms are generally admired and are often convenient, but all
curved walls are more eapensive than straight ones, as involving cuttivg
and shaping of bricks.  Bed-rooms should have dressing and bath-rooms
conveniently provided, and the doors and windows carcfally arranged as to
position, so as to secure privacy.

Barracks—urther on are given the latest approved designs for
these buildings.” Those hitherto constructed have gencrally consisted
of u series of large wards, in which the cots arc arranged against the
walls on each side, with tables down the widdle.  Where double verandahs

YUL. IL. Iy
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.
‘are provided, as in the Punjob Barracks, the inncr ones are used as dinmng -
rooms. The new arrangeinent, however, by which the living rooms and
bed rooms are scparate, is in cvery way superior, thongh doubtless more
expensive. ¢

Churches.—Are usually built with a nave and aisles, and a chancel at
the east end, when the ground plan would be a simple rectangular paral-
lelogram; or the plan may be made cruciform hy the addition of north and
south transepts. The proportions aud sizes of these will vary according
to the number to be accomodated aud the taste of the architect, and the
additions of tower, porch, &c., must also be Jeft to the architeet and the
sum be has at command. So many exccllent specimens of Gothic chur-
ches, both large and small, have been erceted in late years, thai, the young
architect ean have no excuse for designing the hideons abominations
which used to be so common in this country. As a general rule, ihe Go-
vernment in this country defruys the cost of the mere building itself, all
additions sand ornamentations being paid for by subscription, and the
architect should design his structure accordingly, so that gradually it may
be made a structure worthy of a Christian congregation. Due attention
must also be paid in his Gothic design for the requirements of the climate.
Verandahs will generally be wanted to proteet the walls from the irect.
rays of the sun, more openings for fresh air than are demanded in a
cooler country, and apertures above for ventilation, The provision of
all these in harmony with architectural requirements, will always prevent

-~
y

a more slavish copying of a European design.

51, As a commentary on the foregoing are appended a few fair ex-
amples of Indian buildings erccted or designed, chicfly extructed from the
Professional Papers on Indian Engincering.

Nowshera Barracks, Punjab—Each harrack accommodates one company, and con-
sists of two wings connceted by a passage 30 feet long,

In each wing there are four main roons, 42 x 24 feet, with a reading-room or
workshop, 26 % 16 feet, at one end ; aud (our rooms 22 x 14 feet, {or the accommo-
dation of the Sergeants at the other end,  The inner enclosed verandah is 12 feet
wide with double doors. The outer verandal is open, 10 feet wide, the archways
being 8 feet span.

The main walls are 22 feet in height from the level of the floor to the top of
the stone templet, which receives the shoe of the iron trussed frames of the main
roof. The roof is on a pitch of thirty degrees, and is formed of large Greciun tiles
set in mortar, over 12 inch square bricks, 2 inches thick.

The walls of the inner verandsh are 16 feet high frow the level of the floor to
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the bottom of the iron beams. The roof is fat, formed by arching from beam to beam,
the underside being plastercd, and the upper covered with one inch fine terrace, the
spandrils being filled in level.

"The walls of the outer verandah are 12 fect 9 inchies high. The roof being flat
pucka terrace, supported on deodar kurries, scantling 6 x 4 inches, placed 9 inches
apurt.

The masonry of the foundation and plinth is of slate stone and mortar, the latter
having cqual proportions (hy mcnsurﬂncnt) of stonc lime, soorkhee, and river sand.

The masonry of the superstructure is thronghout of bhurnt brick and lime cement
in proportions as above,

The whole of the interior of the buildings is plastered with sand plaster, having
washed sand and lime, in equal proportions (hy measnrement).

The exterior of the whole building is pointed, with exeeption of the cornices, which
are plastered with a cement formed of lime and soorkhee, in equal proportions, well
beaten and consolidated 5 2 feet at the hottom of the onter walls and the onter Tace
of the plinth are plastered similarly to the comices,

The whole of the flooring is formed of slate slabs set in mortar, over two conrses
of brichs laid flut, carth heing first filled in and rammed to obtain the nceessary
height,

The whole of the doors are pannelled, the frames heing 2 inches thick, the win-
dows, where practicable, are hang on the centre 8o as to open when required.

The punkahs are hung from iron rods at a height of 15 feet from the floor.  For
the porpose of ventilation the ridge of the main roof is perfornied along its entire
tength, and in the inner verandah the iron tnbalar heams are feft open at the extremni-
tiew 1o adnit a enrrent of air throngh them into the hailding,

Estimated cost, exclusive of iron work, Rs. 72,447,

b

New Standard Barracks—Ylans are given of the standard barracks
lately approved of by Government for Kuropean troops in this country, and
the following are the decisions arrived at by the Government of India, on
the most important points connected with their construction and arrange-
ment.

The Goverumeit of India is of opinion that, il the general rules and principles to
he ohserved in bartack construetion L laid down, and it specimen plans suitable for
different. localities be provided, the preparation of dexigns for particular barracks
may he properly left to the local oflicers.

For a Regiment of Tufuantry, half company barracks shonld be provided as the rule;
but bwracks for whole companies are admissible when couvenience requires their
adoption, as in a fort. Anything in excess of whole company barracks should only
ho resorted to when they are indispensable.

For a Regiment of Cavalry, barracks, each snfliciently lurge for a troop, shonld be
adopted.

Tor a Light Ficld Buttery of Artillery there should he three barracks, one for each
division. ‘

For n Garrison Battery of Artillery there may be one or two barracks as, from
Yocal circumstances, may bo found most convenient.

By the above avrangements the numbers that will be collecied under one roof will
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be, in the ease of the Infantry and Artillery, ahout 44 men, and in the case of the
Cavalry nbout 66 men.

As to the number of Roomis, four should be provided for & Company of Infantry
and six rooms for a Battery of Light Ficld Artillery. Three rooms are sufficient for
a Troop of Cavalry ; three rooms should alsw suftice for a Garrison Company of Ar-
tillery, except where two barracks are provided, in which case there should be two
rooms in each barrack, or in all four for the whole Company.

The precise proportion of single men per Company, 'Troop, or Baticry, to be
provided for has not yet been definitely decided ; but the number of men to be placed
in cach room according to the above arrangement, will never be less than 16 or more
than 24.

Donble-storied barracks, in which the upper floors only are used as dormitories, and
the lower ones an day-rooms and for auxiliary purposes; should be adopted, as a rule,
in all parts of India

Inplaces where ground is restricted owing to any eause, three-storied buildings may
be adopted, the two upper floors heing used as doviaitorics.

In Forts or other pliwes where the efficient ventilation of {he lower floor is ohstruet-
el (I the immediate proximity of a vampart or a hill-side for instanee), this floor
should not, be oceupried by dwelling-rooms.

In il Statious it ix not obligatory to provide upper-storis s, bat when circum-
stances render it convenient o adopt buildings of move than one . tory in height, there
i no sanitary objeetion to the occupation of the lower, ns well as of the upper floors
s dormitories,

It has been decided in o general way, thut one-lalf of the space shall be sct apart
for day-rooms for the nien, one-fourth of the space as an open arca., and one-fourth
for guniliary purposes, such as Btore-room, Sergeants’ Mess, Regimenad Library,
Reercation Room, &e,, &e,

T( rhould be undersiood that out-offices, such as joivies, ¢ oh-rooms, &e., do
not fall under the category of awriliery, bt under that of subsidiery accommod-
ation,

The space in barrneh dormitories shonld be as follows : —

In the Plains---

73 vunuing feet of wall spaee per nn.

90 superticial feet per man, »

Width of ward 24 {eet. ' )

Height of wards in both floors to wall plate, 20 feet.:

Thix would give 1,800 cubie fect per man,

In Hill Statious-—--

7 running fect of wall space per man.

77 superficial feet per man,

Width of ward 22 fecr,

Height of wards in both flors 16 to 18 feet, according to the altitudo of
the station,

This would give in the one case 1,232 and in the other 1,408 cubic fect
per man.

The following rales should be strictly attended to in regard to the arrangement of
heds in a ward, viz r—

"Fhat there shall be only two rows of beds in X ward ; that no bed shall be placed
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within 9 inches of a door ; and that not more than two bLeds shadl be allowed in the
wall space hetween two contiguous doors,

Lanatories should he altogether in detached huilidings close to, but not touching, the
barrachs. A small closet. containing two closg stools and two urinals may, however,
be attached to each npper-story sleeping ward, for night purposes only, but it shonld
be locked up during the daytime.

iach Sergeant’s quarters should he on the seale authorised for marricd men, viz.,
two rooms, one 18’ % 12, and one 12" x 12, and n small hath-room.

The accompanying three plans are approved of by the Governmenu of India, and
will sevve ny specimens for general guidance. It will be observed that all these plans
provide for a single main ward protected by a single verandah only, an arrangement
which has for some ycurs been in foree in the Bengal Presidency, and which is in
accordance with the views of the Royal Indian Sanitary Conunission. | The width of
verandahs of all barracks should be 12 feet in the plains, and 10 feet in the hills,

Meean Meer Clmreh, Punjub.—This handsome Church, designed in the
carly English style, was built in 1851-56. 1t is entirely of brick, and the
workmanship throughout is of first-rate excellence, and beantifully finished.

The Qutsude is finely plastered with mortar, containing a sinall admixture of
soorhliee, o a5 Lo be ol o fuint reddish tinge, which, with a slate roof, rives a very
elean fiished Jook to the exterior. The work is lined in imitation of stone joints.
The verandah floovs are laid wirth sguane blocks of reddish stone, placed diagonally,
alternate licht and durk stones heing used.  Stone benehes are also provided on the
imner side, ’

Inside, the walls are plastered with mortar made from marble out of the city,
from old buildings. This s polished execedingly smooth and is of a pure white.
Tt is also jointed in imitation of stone  The band runuing round the chaucel and
gite aisles, is mende of the same, beantifolly finished,  The roof trusses are 42 feet
span and are of stained deodar with wronght-iron ties ; the purling being covored
with boarding of the sane wood, on which the slate are laid.  The floor is of the
wame deseription ns the verandahs, as a grounding, hut the whole of the chaneel, and a
path 7 feet wide down the eentre of the main and side aislas, iy of alternate blocks
of white marble and a dark agate-like looking stone, which, a. well us the marble,
is highly polished.  These paths me finished off with a neat border inlaid of the
same stones.  The stones inxide the altar rails have each a fleur de lis of the opposite
color let into their eentre. "The steps 10 the chancel and to the altar are of white
warble,

Windows —The whole of these are fllled with stained glass, The ends of the
chancel and centre and side aisles have figures in medallion, set in a very rich colored
ground, and the side winduws mre ot a Dlack and white diamond and fleur de lis
pattern, with a colored border, and centres to avehied heads.

Font, Altar, §e. ‘The fomt is of white marble, The Ten U'ommandments and,
Lord’s Prayer are ent in old English letters, on marble slabs, behind the Communion
Table, and colored Tlack and red. The elpth for the table und cushions, &c., is durk
green, the former being covered with gilt fleur de lis.

Furniture—Is of stained wood, of a handsome and substauntial pattern. The
pulpit and reading desk are low, und rather plain,
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Punkuhs—Are of green painted sheet iron framed with dark wood, suspended
by iron rods from horizontal ones built into the walls. The arrangement is ns neat
and as little offensive as possible,

Number of Sittings.—There are 32 benches down cach side of the centre aisles,
with 9 sittings in ench ; total, 576. The side aisles have 115 ench, and the gallery
100, making a total of 906 sittings, hut they arc too small, and the Charch cannot
be said to have room for more than 800, or comfortable room for 700 persons,

Cost—The precise cost is not known, bnt it is believed to have heen about Rs.
90,000, of which Government paid Rs, 43,000, the rest heing raised by private sub-
seription.

Cawnpore Memorial Clurch.—This design is founded on the round-
arched Lombard and Romanesque styles of Architecture, with introductions

from the latter Italian pointed style.

It is proposed to build the walls of the Church of red pressed bricks, faced in part
autside with Chunar stone in dark gray bands ; inside, the walls are to be faced solely
with stone. The roof is groined in stone in the simplest manner. The cornices,
arches, and colnmns are to be also ofi Chunar stone. The flooring is also of stone
with a pattern of gray Chinese marble. Tt is not jutended to have any plastering
cvither externally or internally, as, after the lnpse of a few years, it requires to be con-
stantly repaired, and the tendeney of plaster Architecture is coustantly to extrava:
gance in delail and bad taste.

The dimensions of the Church are as follows :—
Feet, Inches,

Extreme length inside, oviveneneeee. .. 141 0

Extreme width inside, ...ccovveeee.. .. B0 G
Height of Charely aonnncvennni . 46 0
Width of Nave, ....ocue cereees sasasenaas 25 6
Depth of Chancel, ..ocvvrveiniieninvinniinnne, e 420

The Church is capable of affording sittings for 500 persons on the ground floor,
In the gallery at the west end, over the vestibule, 100 more persons can be seated,
The organ is placed in the gallery of the south transept, wnd there is u corresponding
gallery in the north tranxept : these will seat, if required 100 more persons—thns
giving accommodatiou in all for 700 persons,

The method by which the Church is lighted and ventilated and seenred against the
intensity of glare, forms onc of the chief objectis of the design. The principal light
is obtuined from a considerable eclevation immediately above the lower pussages or
aisles. It is admitied—firstly, through a serics of small pointed arches picreed in
the onter walls of an npper arcade built over the passages below 5 secondly, throngh
useries of similar arches left in the inner walls of the Church. This double
arrangement for admitting light will tong down the rays of the sun and ob-
viate any inconvenignt glare, while it cffectually prevents tho rays from falling
directly on the people oceupying the seats on the floor of the Church. By leaving
all these openings free from glass, a free current of air is afforded for the ven-
tilation of the Church, whilst in the cxteeme hot weather, when the Church shonld
be closely shut up, kuskns tatties can he fixed with advantage against the outer open-
ings, and kept constantly weited by coolics during the rervice, withont at all
interfering with the congiegution. The necessity of using large hanging punkahs
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so unsighily in Churehes, will thus probably be olaiated. The rain which beats
through the onter arches only, will fall on ghe tloor of the arcade, aud be earried
away through the down pipes.  Small openings to act as ventilators have been placed
in the passages of the ground floor, and light is also admitted through the deeply
recessed windows at the cast and west ends, and in the transepts,

Estimated cost, Rs. 1,351,131,

Attock Church, Punjub—The design is for a Charch calenlated to
seat 250 persons,

Specification.—The building to consist of a Nave (16”4 22) with north Transept
(21" x 12') and side Aisles, and a Chaneel (61 % 14).

A Tower (10° X 10" internally), and rismg to a total height of T4 Teot, is placed on
the cast of the transept, at the angle formed by it with the nave, aud this with a poreh
(11" x o) opposite to it, compleres the design, '

The ground-floor of the tower is appropriated to the Vestry, and the first storey can
senve, i required, as an Organ loft, since it opens into the nave, mid can be approach-
ed by the steps and stairease on the north fuce of the tower, without going through
the lower apartment.

The masonry, for the most part, 10 be of rongh-dressed stone of the best deseription
to be found in the neighbowrhoad, brick being used only in the columns of the Nave,
tigg arch mouldings, and such other portions of the structure as may seem in process of
contraction advisable.  All external -zl eaxposed work to be eavefully finished, and
plaster to be given to the interior only.

The flovring to be of tiles (9 x 8 inchies) ved and gray laid diagonally over brick-
on-edge, the upper tloors of the Tower to be 1i-inch planking over joints 9 x 6
inches.

The roof of the Nave, Chancel, and Transept, to consist of tiles (or shingles) over
planking, over rafters and purlins resting on substantinl trusses, placed 11§ feet. upart
fron cendre to centrey corresponding to the pillars of the nnve 5 one truss of the same
pattern being given to the transept and chaneel, respeetively. The roof cosering of
the side Aisles to he sinnlar to that of the nave, but with flving arches spriuging from
the aisle walls in place of trusses,  The pitch of the nave, trausept, and chaneel roof
to be 31°, and of the side aisles 21°,

The Tower to be covered by a timber frume-work, sheeted with zine, and terminat-
ing with nn iron finial, with a standard at cach angle ; one being a lightning condue-
tor, and having a greater elevation than the vest.  The rod should pass to the gronud
in the angle formad by the two buttresses at. the sonih-cast corner of the tower,

The doors to be butteued, with massive ornamental hinges, and huny ; no chowhuts
being used.

The windvws to be glazed diagonally, and stained glass to he introdueed if funds
allow, giving the preference to the east and then to the west window.

Sittings (of stained deodar) to be provided for 230 persons, the benches being so
arranged 8s to occupy the whole of the nave, the north and south aisles forning the
means of ingress and exit. The remainder of the fittings, comprising pulpit, reading
desk, and chancel rail, to be of sissoo or walnit wood,

The punkahs to cousist of deep and f ull fringes, weighted with lead, and attached to
ornamental bars of sissoo, suspended from the iron tics of the roof-trusses.

“I'ne font to be of stone, carved at Delhi.
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Third Cluss Railway Station, E. 1. R.—-Of brick throughout, pointed
externally, and plastercd inside. *The voofs of tiling or pueha terrace, on
strong trasses, or of brich arches with iron tie-rods.

Kuropean Hospital, Bumbey.—The premiated design here given is a
good example of the superior Avchitecture now coming into vogue wherever
the money can be affurded for a higher style of building.

The Hospital is designed in the Gothie style of Avchiiceture, which the anthor be-
licves to be the sty le of all ofthers best suited to the requirements of n tropical conntry.
In the present design, that type of Gothic worked out in the Bouth of Kurope in
the middle ages has been preferied to the more Northern ty pe, the avchitectural re-
quirements of Indin being more nearly allied to those of Ttaly than of England ;
various modifientions of this My le now universully adopted to meetl modern neeessitics
have been made.

The Hospital is 430 fect in extreme length, and 115} feet breadih at the centre, the
projecting end terminations are 68} feet in hreadth, the ordinary breadth of ihe build-
ing being 58} feet.  The bailding is entered at. the centie on poth East and West fa-
cades through covered earringe Porches, that on the West earrying above a small
Chapel.  An open Arcade leads from the portico steps into a lirge Octagon Hall, in
which are placed two flights of stairs conveniently situated for those entering the bnilg-
ing from opposite sides. The two flights are earried up to the upper floor of the huild-
ing and they are lighted from above by four rose Windows, ‘Lo increasce this made-

.rate light to n strong one and fo adil to the vertieal ventilation of the Luilding, as well
a8 Lo produce a festare giving by ifs external appearanee a nnity of efivet {o the whole,
which otherwise from its enormons size would be wanting in that unity, a lofty octa-
gonal Lantern has heen designed as the crowning member of the composition.

The urinaries, thongh included in the main huilding ave completely cut off rom the
wards. Lofty openings slightly screened by shafts and simple tracery admnit of a very
thorough ventilation.

The building was intended to be constructed of Coorla rubble, a reddish teap, the
arch rings being formed of alternate stones of Porebuuder (whitish lime-stone) and bluo
basalt. The roof to be of iron, well vontilated, with numerous Domer windows nbove
the ceilings fitted with lauvers.

Estimated cost, Rs. 3,79,995.
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CHAPTER XXVIIIL

SPECIFICATION AND ESTIMATE.

52. Tne design being determined upon, the next step is to draw a
ground plan at the floor level, with vertical sections, showing every dimen-
sion requisite for the calenlation in full, of the cubic, superficial, and lineal
measurement, of every part of the building. Besides these, working plans
on a larger scale must be given showing the roof trusses, mouldings of
cornices, framing of doors and every detail, especially those which cannot
be accurately described by words in the specification, which is now to be
made out.

53, The Specification is a description of the work to be erected, which,
with the assistance of the plans, shall be suflicient to determine precisely
beforchand everything to the minutest particular to be done by the builder,
and this more cspecially if the builder is a contractor also, as othemwise no
honest contractor is likely to undertake it; if the specification is not pre-
cise, more may lc expected from him than he is able to perform for the
sum at which he offers to do it; or he may take advantage of this want of
precision, to give inferior work within the lctter of his bond.

The more minute a specification, the Tnore fit it is o be the sub-
ject of a contract, and the better guide it is to a builder whose bond fide
expenditure is gnaranteed to him with either a percentage on outlay, a
galary whilst employed, or a fixed sum for superintendencc of the work on
its completion.

A specification should state the nature of the materials to be used in
every part of the building; for instance, the kind of brick or stone to
be used in the foundation, the particular kind and the proportions of lime
and sand or soorkhee in the mortar; the same of the plinth and superstruc-
ture ; the nature of the plaster, varying perhaps in different parts of the
building ; of the floors in each room, the ceiling, roof, doors, in short

VOL. II. a
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every item of work must be accurately described as to its quality and
‘situation; the quentities have next to be ascertained, and this is what is
commonly called Estimating.

54, Estimating, consists in measuring correetly the whole of the work
to be done in a building, keeping every kind of work scparate, and then
calculating from these measurcments, the quantities in cubic, superficial
or lineal fect of cach, according to its nature. Then, having ascertained,
either by experiments carefully conducted, or from previous experience care-
fully recorded in a tabular form, the quantities of every kind of material
used and expended in some fixed quaniity, generally 100 feet of each kind
of work, the quantitics required for the whole building are then calculated,
and the price of each being ascertained, the probable cost of the building,
barring accident and changes in the price of materials and labor, becomes
known.

In taking out quantities for an estimate, it is convenient to follow some
fixed rules in order to prevent omission; for instance to begin with the
walls of the foundations, then the plinth, then of each story separately.

1n buildings which are uniform in plan, the different parts can be suffi-
ciently described in words, as, outer long walls, main long walls, par-
tition walls in verandahs, &c.; in buildings whose plan is intricate this
would not be sufficient, and a horizontal section of each story must be
given, gad each wall marked with distinguishing letters—thus, walls, a, 5,
¢ z, y, &e.

Walls having the same thickness and height should be set down in se-
quence, so that their lengths being added together, their sum multiplied
by their common thickness and height, gives the cubic fheasure of the
whole. .

To prevent the calculation being too laborious, it is not usual to mea-
sure Masonry more minutely than to the nearest quarter of a foot, and
splayed jambs, &c., are calculated as square, the largest dimension being
taken, to compensate for the extra labor of cutting the bricks to gauge;
and other such like arbitrary rules are followed, which can only in the

" first instance be left to the judgment of the estimator, and afterwards to
the practice of the Department, on which the revision of the estimate
devolves.

The value of Wood-work in India will generally be in direct pro-
portion to the scantling; the extra labor in sawing up small scantlings
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being made up for, by the fact, that timber of the larger scantlings costs
more in handling and putting up, and is more difficult to get without
flaw. Very small scantlings which can be cut out of side slabs, sawn off
from round timber to reduce it to a rectangular form‘lre generally
cheap. ’

In Roofs, the timber should always be calculated separately in cubic
feet from the superficial covering—bolts and straps in trusses should be
enumerated and their weight ascertained. In heavy trusses allowance must
be made for the cost of selting them up, as they cost a good deal more
in moving and handling than untrussed and lighter timber.

83, The first object of an estimate is that the person directing the con-
struction of a building, should know beforehand what it will cost; and
if the estimate is greater than the sum available for its construction, in
what particulars its cost may be rednced, either by retrenching its extent
or changing the nature of the materials to be used in ils construction.

After the estimate for a work has been sanclioned, the person on whom
devolves the duty of constructing it, should know the quantity of materials
required, and average number of workpeople of each sort that will have
to be enployed; knowing this, it will be his daty to take care that the
workpeople are properly apportioned to cach kind of work, that an average
guantity of work shall under ordinary circumstances be exacted from them,
and that they are never delayed by materials not being always on the work
and at hand.

A daily record of expenditure being subsequently kept under head-
ings copied from the details which appear in the estimate, the differen-
ces which may occur between the estimate and real cost can be assigned
to their right places, and theiretrue causes traced for future guidance, and
thus the estimates and accounts become a check on each other. In order
to their being so, it is evident that every heading in the cstimate must cor-
respond with a similar heading in the accounts.

By frequent measurement of the work and comparison with the quan-
tities of each kind, which ought to be performed by the men employed,
the overseer will be able to check idleness; if practicable, the workpeople
should be paid at fixed intervals, and their work measured before each
payment.

The estimate will likewise enable the Engineer to calculate how long his
work is likely to teke according to the number of workpeople employed,
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which is regulated, either by the number procurable, by the extent of the
work which allows only a certain number to be spread over it without inter-
_ference with each other, or by the means of making arrangemecuts for their
being providegk with materials; he will also be able to apportion the right
number of workpeople of each kind, taking care to watch this apportion-
ment, to judge whether peculiar circumstances may not render it inappro-
priate, and whether some better proportion many not be devised.

Forethought will especially be requisite as regards woodwork and fit-
tings, that they shall be ready beforchand so as not to delay the brick-
layers ; also that scaffolding is prepared in advance, that laborers bringing
materials shall carry them with the least expenditure of labor, and that
therefore the approaches are made easy for them o as to occasion no waste
of their time or strength.

56, The following is abridged from the P. W. Code :—

The papers to be submitted with any project will consist of a Report,
Bpecification, and a detailed Calculation of measurements and quantities,
with an Abstract showing the total estimated cost of each description of
work. These documents together form what is commonly called ¢ the
Estimate,” though the term more properly denotes the two latter only.

The heading of every Estimate shall specify clearly, but in general
terms, the nature of the work to be done, and the locality. When not
at one of the principal stations, the pergunnah and zillah, as well as the
town or village, must be mentioned.

The beading will be followed by a list of references, embracing the au-
thority on which the Istimate is framed and all the correspondence on
the subject.

After the list of references will be inserfed the Report, stating in brief
terms the object to be gained by the execution of the work estimated for;
discussing the reasons for the adoption of the estimated project or design
in preference to others; and.explaining any peculiarities which require
elucidation. The time within which the work may be cxpected to be
completed must also be mentioned.

After this will follow the Specification, which must show fully and
clearly, but as briefly as possible, the details of the work, how each portion
is to done, and what materials are to be used (sec above).

57, A Specification should commence with a general description of the
locality or proposed site of the work, unless & more detailed report is called
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for. For works such as bridges, docks, roads, canals, &c., minute detail of
localities and their adjuncts are necessary; and in gcneml a block plen
should be gwcn for reference, on which will be shown the drains, sewers,
&c. The specification should next proceed to an account of the work itself’;
that is, its intent and purpose, character, arrangement, and style.

The specification should then give 4 complete detail of construction and
fnaterials, and should be divided (supposing a building with a roof) into the
diffefent parts as they generally occur in construction, viz. :—

1stly. The preparation for the Foundation either on the natural soil after
excavation, or by artificial means such as piling, concrete, framing, curbs,
&ec.; and in conncection with this subject should be detailed, the mode of
drainage, the disposition of open or covered drains, sewers, &e.

2ndly. The Brick-work of foundation, plinth and superstructure, detail-
ing the kind of plastering, and whether on one or two sides, white-washing,
coloring or painting, with the nature of the materials to be used.

3rdly.  Stone-work, the kind of stone, and how connected, whether by
cement or iron cramps.

4thly. The Roof, whether timber or iron; its nature, construction, detail
of component parts; its covering, whether tiles, bricks, plauks, thatch, &e. ;
means to be adopted (if any) for seasoning the timber, or preventing its
destruction by moisture, or white ants, and brief culculatlon of the proof
that it is capable of sustaining, the weight to be &ssxgned to it.

5thly. The Flooring, its nature, mode of raisilg, whether solid or by
flues ; means (if any) for prevention of damp. ¢

6thly. The Doors and Windows, the material of which composed, con-
struction, mode of hanging and fastening.

7thly. All Iron-work uncounected with the foregoing items; such as
raling, gratings, wall-tics, &e. °

8thly. The Painting of all kinds and colors, Varnishing, &c.; and lastly,
the Litlings and fixtures, such as staircases if of wood (if of masonry they
will come under that head); sunshades, ceilings, partitions, fire- grates
punkahs, mats, water-closcts, pumps, cisterns, &c.

The conclusion should show the means of c]em;ing away all rubbish
and spare materials, formation of roads or walks, trimming, clearing the
ground, and placing it with out-offices, walls of enclosure, &c. (specified
for as above), in a proper state to be finally surveyed or made over to the
authority for whom it is destined.
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ForM oF SPECIFICATION.

68, . Foundation.—All rock, soil, or rubbish necessary to leave the site
of intended. building clear and unencumbered, foundations for footings of
all drains, cess-pools, vaults, &ec., to be properly excavated, refilled, ram-
med, and levelled, draining off all water and soil which may affect the
excavations from springs, currents or drains, The excavations or beds of
all footings to be made level and perfectly consolidated, the depthse and

widths as shown in drawing No. Fig.

N.B.—Nature of soil upon which the foundations are to be placed to be ascertained
previous to framing cstimnate, by boring, and all previous information collected to
avoid as much as possible future deviations from plans,

An artificial Foundation to be made for (certain parts of, or) the entire

building (for reasons given) feet in width and feet
decp, the same to be composed of one part of fresh quick lime, three of
coarse sharp sand, and six of broken stone or vitrified brick; or two parts
of stone (or %oak) and one of sand with as much lime as will make good
concreted mortar with the latter ; to be mixed in small quantities, the lime
being moderately slaked at the time of admixture, and the whole thrown
from a height of not less than 10 feet into the trenches ; the foundations
being formed in successive layers of 6 inches thick, till the required depth
is oBtained. .

An artificial Foundation to be made for (certain parts of, or) the foot-

ings of the entire bmldmgs with sound piles . feet long
inches diameter pointed with iron and iron-hooped,

to be driven by proper apparatus, the situation and relative distance to be as
as shown by sketch, Fig. ( ) sleepers " x ”
over each row of piles and ’ planks of wood pro-

perly spiked over them. o
59, Brick-work.—The Brick-work to be English bond, constructed

with hard burnt, sound bricks ” x “ X “ laid in mortar composed
of part lime and parts clean sharp sand, or the best well-burnt and

sifted soorkhee, the footings and walls to be of the varying heights and

thicknesses figured ingthe drawings.
TFlat and counter or relieving arches to be turned through the entire thick-

ness of walls of (1 or 1}) bricks deep over all lintels and bressummers.
Inverted arches under external or other openings from pier to pier,

as shown in Fig. ( )
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Basement walls to level of lower floor to be plastered externally, and
sand
soorkhee
to be finished off with the best lime plaster and white-washed, three
coats. A cormce of brick-work, as per annexed sketch, to be constructed
along walls projecting inches,

with proper moulding well plastered,
Balustrades, as per sketch (to be given in the margin) to be continued

remainder on both sides with { } plaster, and interior of rooms

along walls, composed of plinth, pedestals, and coping, cemented to-
gether and plastered.

The angles of walls to be finished with
(roughly wrought) or (fair wrought) chamfer channelled quoins as per form
in Fiy. ( ). . .

60, Stone work.—Stuircase, or steps at to be of

stone 1 inch thick, tread to be 15 inches wide, and risers 6 inches, nosings
If Gothie design, the bnttresses, gable caps, or pinnacles, to be u]ludod to with

details and marginal sketches,
woulded, with hand rail of cast-iron or wood. rpoms

or courts to be paved with stone  ° inches thick, bedded on solid
bottom of beaten rubbish and juinted in mortar.

Plinth under columus to be formed of {op and side casing of

stone properly bedded on the brick-work, of

section and form as per skelch Fig. ( ) cemented with best mor-
tar and iron cramped, colnmns or picrs lo be of stone, with
moulded capitals and bascs, plain (or fluted) shafts.

Arches whether with arclivolts or radiating stones, plain or otherwise ;

piers, keystones and springing stones, Wall of to be stone
capped of sectional form as shown in Fig, ( ) or marginal sketch.
Murble.— Rooms to be paved with
marble cxecated with finest possible joint, levelled and uniformly and thor-
oughly polished ; paving to be not less than inches thick on a
course of brick flat firmly bedded in well rammed brick rubbish.
61, Roof.—The roof over » to be flat. The beams of

wood, scantling  “ X “ well seasoned, placed 3 feet apart from
centre to centre and having 18 inches rest on the walls, on wall plates

of (continuons or othcrwise) openings “ X  “ to
be left round the beams for ventilation. Burgahs of wood 7 x ¥

placed 1 foot between centres. The whole of the wood-work to be sub-
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mitted to a process of saturation in chloride of zinc; or coated, at the
wall rests, with coal tar laid on hot, or ycllow orpiment. The covering to
be of tiles inches thick, each closcly jointed together with mortar, the
upper layer well cemented, proper arrangements in the level being made for
the perfect drainage, and by scapper boles with gratings at the mouths
leading to vertical (earthen or iron) pipes inserted in the wall, or to earthen
well baked spouts (with or without horizontal gutter).

Or, Covering to be of two well-burnt tiles jointed with mortar and 6
inches thickness of terrace, formed of six parts large and small semi-
vitrified koah with as much lime as will cement the whole; the mass to be
laid on in two layers, well beaten down to 4 inches, and finished with well
beaten svorkhec terrace and lime coating.

Or, Roof to be timber trussed as per detail in"Fig. ( ) trusses to
be not more than  feet apart, scantling as below, viz. :—

Rafters . . . . . . . . « . . ”

Tie-beam . . . . . . . .

Btrmts . . L . o 000

Parlins . . . . . . .

King-post . . . . . . . . .
&c., &c.

Or, Rafters framed on to tic-beams and iron strapped, tic-beam to have
a rest of 18 inches on wall, king-post to be united to tie-heam with iron
strap and bolts, struts dove-tailed into shoulders of king-post, and ridge
pole notched on to head of the same. The whole of timber
well seasoned, and submitted to saturation in chloride of zine or coal tar-
red; battens or purlins 7 X ” apart, to receive pantiles, or two flat
tiles, or terrace (as above), or one flat tile jointed in mortar, and over that
Grecian tiles laid as per Fig. ( ). Eaves of roof finished with
boards “ X “ and rain water gutters (or without) of zinc, shect-iron,
or semi-cylindrical earthen drain tiles.

Or, Roof of cast-iron beams as per scction, Fig. ( ) placed 6 feet
apart, from the flanks of which to spring®single brick arches in cement
rising 9 inches. The whole to be terraced over with a thickness of 8 inches
well beaten koah, between which and the arch, may be inserted a thin layer
#-inch of asphalte or coal tar and forge ashes.

(N.B.—The above construction answers very well for godowns of cither one or two
stories, jails, arsenals, barracks, &c.)

”
” ”
”
”

” ”

X X X X X
)
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Or, Roof of wrought-iron trusses placed 6 fect apart as per Fig. ( )
principals to of T or flat bar iron ” x *#; tie-rods and tension rods of
section, respectively, as marked on the detailed sketches; rafters abutting
in a king-head of cast-iron, which also reccives the upper ends of
tension rods. The feet of rafters let into cast-iron shoes resting on the
walls, and to which are bolted the ends of the tie-rods. The struts of cast-
iron, lower ends formed as a jaw to receive the tension rod, and the rafters
bolted through the upper ends with §-inch bolts.

Battens of £ (or square or flat bar iron) “ X  ” rivetted to rafters

inches apart or battens of (teak or saul) ” X ” ridge pieces
of east-iron with caps overlapping the upper layer of tiles,

The covering of either of the kinds mentioned above.

62, Plooring~—The floors of room 1o be flued as per Fig.
( ) showing plan and section, piers and openings, the arches to be
single brick well jointed, spandrells roughly filled in, and the whole finished
off with a terracc 4 inches thick, of well-heaten koah and lime coated, (or
left rough to reccive L-inch layer of asphalte).

Or, Floor to be filled in with earth and well-rammed rubbish, over which
13 be a course of brick flal in mortar and {errace as above, or square tiles
in cenient close jointed, or, brick-on-edge with best burnt square bricks, set
with close joints, over a brick flat in mortar.

Or, teak boarded, planks well scasoned and inches thick,
screwed down to sleepers, saturated in chloride of zine, or coal tarred;

scantling  # X ” resting on blocks of good masonry ¥ X v
63, Doors.—Doors of to be of wood
(double or single) planks with bedded joints, nailed to three back braces,
and hung with hinges to o wood frame ¥ X “ (lock or
latch).
The to have doors of 2 inches thick framing, filled in
with inch battens of wood properly seasoned, and backed

with diagonal braces hung with wrought-iron | or J=L hinges to frame
# % " of wood (lock or latch).

(N.B.—Such are proper for godowns, coach-houses, barrack out-offices, &e., and
may be made either with or without swing bar, and strong iron rolls.)

The ’ to have 1 or 1} inch wood panel doors
hung with (brass or iron) butt hinges to frame ” X ” lock of (brass or
iron) and inch slide (thumb or knobbed) bolts.

VoL. II. H



50 . SPECIFICATION AND ESTIMATE.

The to have (entire, half or two-thirds) glazed doors (or win-
dows) frame 2 inches thick wood, with §-inch thick beddings
to receive glass ” X “ panels of 1 or 1} inch wood, with edge
mouldings, and hung to (single or double) rebated frame “ X “ by (iron
or brass) butt hinges, and furnished with  inch sliding Dolts and lock.

The to be fitted with (entire or) two-third venctian
valved doors (or windows) frames 2 inches thick of
wood, well seasoned valves 4 or 3-inch thick, close fitting and weather
tight, hung with | or =L hinges to frame “ X “ (double or single)
rebated (in connexion with, or) independent of the glazed doors or windows
as above to be fitted with sliding (thumb or knobbed) bolts inches
long.

(N.B.~Italian windows, fan-lights, and other varicties will of course he mentioned,
ag also whether the above are © single flapped ™ or donble folding doors.)

64, Iron-work.—The posts as per Fiy. ( ) or marginal
sketch, to be of wood ” X  “ with cast-iron boxed and tenoned’

caps and bases. Cast-iron columms to support to be cast hollow, outer
diameter  inches, and metal one-fifth of that diamcter in thickness, cast-
iron plates as per Fig. ( ), bases let into stone blocks # X “ dd
run with lead. Cast or wrought-iron grating to be fitted fo air holes in
the basement “# X ” also to gutter drains of

Iron railing (cast or wrought) where shown in drawing to be fixed
(if to wood, with screw bolts; if to stone, to be run with lead) also the

rails or balusters to landing steps, balconics or verandahs
feet high with (iron of wood) handrail.
Iron barred frames to be fixed to the windows of inch square

bars let into horizontal flat iron 3” X $” screwed to the soffit and sill of
wooden frame 7 X 7

65. DPainting.—Wood-work of roof to be painted with color in
oil (3 or 4) coats doors (glazed, panel, or venetians) of
to be painted in oil color, three coats, the paint to have the

proper mixture of best turpentine and linscod oil (Europe) to ensutt quick
drying.

Other wood work, if any, to be mentioned, and also any partitions, doors, hand-
rails, &c., requiring varnishing merely (two coats).

66, Fittings.—Staircase at of wood framed into skirting,
with 15” treads and 6” risers, moulded nosings, hand-rail, with cap, &c.,
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supported at angles with wrought-iron column inches
diameter
Punkahs * X ‘ of 4-inch wide framing of wood, covered with
cloth, painted color and hung to

iron or brass hooks in the beams, with cords, brass pullies and pulling ropes
to be provided, and fringe inches deep.

Here also mention any other fittings necessary or where emergently applied for
and applicable to the building.

67, Estimatc.—Every Estimate, not being for ordinary repairs, must
be accomipanied by drawings of the work to be done, showing the dimens-
ions of cach part.

Every Estimate shall contain, distinct from the specification, a statement
of the detailed measurements of the works agreeably to the drawings, with
calculations of the entire quaniity of cach kind of work to be done, in
cubic, superficial, or running feet, or otherwise, according to the nature of
the work.

Estimates shall be made out agreeably to the following form :—

MEASURE-
MENTH.

DETAIL OF WOLK. Noolo—"2°7°
L|B|m

QUANTITIES.

All Estimates must have Abstraets, showing the cost in Rupees of each
kind of work, at so much per foot, or per hundred cubic, superficial, or
running foot; which Abstracts must be so drawn out as to show distinctly
the cost of each building or work included in the Estimates, as well as the
total quantity, rate and cost of cach kind of work to be done.

A charge of 5 per cent. for unforeseen contingencies must be added to
the Abstract of every Iistimate.

Every Estimate must bc'm all respecets complete and intelligible without
reference to any document but the drawings.

The rates of Estimates must be calculated to cover the expeunse of the
‘Work Establishment, as well as the cost of sheds for materials and work-
men. Extra Establishments must be applied for separately.
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68, In framing Estimates the following points must be attended to :—

I. Every kind of work must be estimated by the cubic, superficial, or
running foot, or 100 cubic, superficial or running feet, or by the maund,
except in the case of miscellancous petty works, which should be entered
as petty works in Carpenters’, Blacksmiths’, or Masons’ (or other Artifi-.
cers") work, as per lisi, and each kept separatc as far as practicable.

II. In estimating the brick-work for buildings the cost of exeavation
for foundations will fall upon the rate of brickwork, which will be all
included in one item, embracing foundation, plinth and superstructure.
Two-thirds of the contents of openings must be deducted in calculating the
quantity of brick-work in the walls, in all cases where the opening is to
be covered by a single flat arch ; but when a second or discharging arch is
to be turned, one-third only of the openings will be deducted ; if the open-
ing be covered by an elliptic or circular arch only, the opening will be
deducted to the springing, lcaving the contents of the head to cover the
expense of arching.  All splays will be calculated square.

111. DPlastering, painting, and white or color-washing must never be
mixed up with masonry, but will be scparate items. Inside and outside
work of these descriptions may be included in one item at an average rate.

IV. Timber-framing is to be estimated by the cubic foot, and the cal-
culation must be shown in the detail of measurements in the same way as
the calculation of brick-work. This mode is applicable to all wood-work,
such as beams, burgahs, trusses, rafters, and other parts of roofs, wall-
plates, architraves, door-frames, &c., &c., &c., and the rate will include the
cost of raising and fixing, but not painting.

V. The scantling and distance apart of the timbers and the thickness
of the covering of roofs must be stated, and the authority or calculation on
which the scantling of the timber has been fixed.

VI. Covering-in roofs must never be included in the same 1tem with
the timbering ; each separate kind of covering will form a distinet item.

VIL. Doors, windows, weather-boarding and planking, and gratings of
all kinds, will be cstimated by the superficig] foot. Glazed, panel, and
venetian doors and windows, may be all placed in one item at an average
rate, and batten-doors and other kinds of planking will be placed in one
or more other items, as may be convenient.

VIII. Painting will always be a scparate item from wood-work. Each
kind of painting will be & distinct item. Painting venetians may be esti-
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mated by calculating the superficinl area at 50 per cent. in excess of a plain
surface of the same size; and the g]azcd.part of windows and doors may
bo allowed for, by deducting one-third of the gross arca calculated as a
plain surface. ‘

IX. Cornices and mouldings must in ordinary cascs be cstimated by the
superficial area ; the calculation to be made by adding the projection to the
depth, multiplying the sum by the length, and doubling the product to
cover the extra cxpense of moulding. The projections made in the brick-
work should be taken as rectangular, calculated in cubic feet and included
in the brick-work.

X. Tor iron-work, the weight must be calculated from the dimensions
in the ¢ detail of measurements,” and the cost estimated by the maund;
coarse, and fine wrought-iron may be scparate items; as also cast-iron. A
cubic inch of wrought-iron weighs about 0-136 of a seer, or 0:0034 of a
maund. A cubic inch of cast-iron weighs about 0-128 of a scer or 0-0032
of a maund.

XI. When any work is to be done which is not specified above, the
Exccutive Engineer should endeavour to divide the charge into items, ac-
cording to the order in which the work is done; so that the Daily Abstracts
may be furnished scparately for each separate item, and thus the rates of
work will be readily compared with the rates of the Estimate. .

XII. No fractions of the cubie, superficial, or running foot are allowed
in the calculated quantities where the work is estimated by the 100 feet,
and only fractions to the extent of two places of decimals where the work
is estimated by the foot.

XIII. No fractions of a rupee (7. e., no annas or pies) are to be allowed
in any Estimate, except when necessary to aceuracy in the rates, and then
the fraction must be as simple as possible; decimals of the rupee may be
used in rates.

XIV. When any fraction of a rupee or of a foot occurs in calculation
and is omitled, the sum will be increased by a unit, if the fraction is more
than half, and the fraction will be simply omitted if it is less than half.

For further details, the reader is referred to the “ Examples of Estima-
ting, "’ published at Roorkee.



SECTION VII..BRIDGES.

CHAPTER XXIX.
TEMPORARY BRIDGES.

"89. Brronre entering on the subject of Permancnt Bridges, it will bo
useful to consider the temporary expedients which are so often resorted to,
especially in Tudia, for the passage of rivers and streams, where a want of
time, money, or skill, prevents the employment of more durable methods.

- The first of these temporary expedients arc Paved Causeways. Many
Indian water-courses, as will be explained further on, are dry, or nearly so,
except during the rainy season. In some of the very dry districts of the
North-West, the water-courses often contain no water for cleven months
out of the twelve. The beds of such streams are, therefore, in general,
passable without a bridge, but they require to have the banks cut down to
an easy slope, and the bed of the stream to be paved for a sufficient width
to save the labor of draft through heavy sand, or sand and water combined.

This paving must be laid strong enough to withstand the rush of water
during freshes, and may be of brick or boulders set in mortar, or of concrote.
The thickness of masonry in cach case must depend on the nature of the
bed, and the force of water when the river is in flood. To guard against
scour and to save masonry, the depth on each side may be greater than in
the centre, so that the roadway may be protected as by curtain walls.

70, The following is a description of the Causeway across the Soane,
where the Grand Trunk road crosses that river :—

The distance from the western oxtremity or head of the causeway to the point
where the Baroon bank of the river rises above ordinary floods, and the metalled

Grand Trunk road again commences, is 11,450 feet.
The line of the causeway having heen marked out, common jungle bullaZ piles
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were driven in two parallel lines, at a distance of 17 feet apart, to a depth
of about I feet; the sand having been excavated with shovels in the ordinary
way. Between these piles down to the water level, or a little below, bamhoo framnes
with palm tree leaf mats were forced down behind, to prevent the sand from the
sides slipping into the excavation. The remainder of the sund helow water level was
excavated to the required depth by means of the ordinary well sinker’s jham,* worked
from temporary stages on cither side of the excavation,

A layer of guuny bags filled with conerete composed of two parts Soane shingle,
one part soorkhee, and one part kunkur lime, was then set as closely packed as pos-
sible over the whole bottom of the excavation,

Over this a luyer, 2 feet 6 inches deep of bble stone, set in concrete, of the same
proportions as ahove is placed, and on this the rondway, formed of ronghly cut stone
slabs 1 foot thick, from 1 foot to 1 foot and ¢ inches broad, und alternately 9 and
7 feet long, so as to break joint with each other, is formed ; all irregularities of
lower surfuce of the slubs being carefully packed up with mbble stone, the joints
made as narrow as possible withont actually dressing the stone, and thoroughly
filled up, grouted, and pointed with the best kunhnr lime and soorkhee hydraulic
mortar ; any considerable roughness and irregularities of the surface was then chipped
down and levelled by stone-cutters ; no attempt being, however, made at anything
approaching fine dressing, the whole or any part of the surface of the stones, which
would have heen objectionable, as cansing the road to be dangerously slippery.

@1 Temporary Wooden fridyes may also be adverted to liere as distinet
from permanent timber bridges, which will be noticed farther on. A few
of the simplest forms are given, which may be made up by cowmon carpen-
ters and of almost any wood procurable.

Rope Bridyes of various designs are used to cross mountain torrents
which run hetween high steep banks in the hills.  In some a single rope is
stretehed across the stream and made fast to trees on either bank; a sort of
cradle in which the passenger sits, is slung on the rope and pulled across
by means of ropes worked from either shore. In others the bridge con-
sists of three ropes, one for the feet and two others for the hands of the
traveller, kept asunder by triangular picces of wood placed at intervals.

It is evident that neither of the above is suited for the passage of ani-
mals or vehicles.

Suspension Bridges of rope and bamboo are also in use. Thero is one
of this kind near Calcutta 175 feet span.

72, We may next consider Ferry Boats, which are in use on nearly all
the large Indian rivers, but are often replaced by boat bridges during the
cold season. The boats are almost invariably those used by the natives
from time immemorial, though these differ somewhat in shape on nearly

* Bo specified in original, bnt the yhams used were much xmaller and set at o less angle to the pols
{han those used in well sinking.—C J, M.
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cvery scparate river. In general they are flat bottomed and very clumsy,
and it is astonishing how seldom pains are taken to adapt them better to
their speeial purpose, 5o as to be more accessible from the shores, when the
water is shallow, to both animals and vehicles.

The following is a description of a ferry boat used in the Bareilly dis-
trict, which seems to answer its purpose very well :—

Two narrow boats, 50 fect Jong and 5 fect broad at the bottom, spreading out to
10 at the top, with fine sharp hows, arc put 6 feet apart und joined together with well
bolted benms. These beams, being covered with thick planks well bolted down, make
a platform 28 feet square, which will carry a number of vehicles, animals and pas-
sengers. Towards the bow and stern are stiff railings, and on each side gang-boards
(6 fect brond, and nearly tho whole length of the platforms), which can be lowered
to the land piers so as to admit of a carriage being driven on without unharnessing.
These gang-boards when raised, which they can casily be with tackles, form high
defences between the passengers and the river, on both sides of the platforms.

A paddle-wheel* 5§ feet broad, and 8 feet in diameter, turned hetween the hoats
in the after-purt by two cranks, one on cach boat, worked by cight men at each, or six-
teen men altogether, will sceure a speedy passage across, or it may he worked by a
couple of men on board, by means of a capstan aud cable, the latter having an end
secured on cach side of the river.

%3, DBoat Bridges arc maintained over all the great rivers on the main
lines of road from September till June, and occasionally all the year round
where the stream is nof too wide, or where it can be narrowed by the cm-
banked road lLeing carried forward on cach side, so as to restrict the deep
channel within reasonable limits.  This might be done oftener than it is, if
effected gradually in successive years, so as not to oppose the river too
violently at first, and to give the earth-bank time to consolidate ; and cven
if there were no immediate prospect of building a permanent bridge, it
would make the passage far less troublesome, and improve the regimen of
the river in readiness for a permanent work hereafter, though it would in-
creasc the difficulty of getting in the foundations.

To make a Bridge of Boats, the boats are anchored head and stern at in-
tervals apart, and connected by balks of timber to support the planking of
the roadway. No unequal boats should, if it can be avoided, be used in the
same bridge ; for as vesscls of different magnitudes are immersed unequally
by like weights, and the tops of their gunwales are not in the same plane,
the floor of a bridge laid on them would be sunk nnequally and out of level.
If the boats be very capacious, though of different sizes, the difference of
vertical immersion will be so trifling, even when the heaviest bodies are

* The paddle wheel is covercd in on both sides and above, and on the cover is the stecring wheel,
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pussing, 8s not to affect materially the stability of the construction, or
require any particalar precaution on account of unequal powers of floata-
tion; but when small boats of different capacities are used in the same
bridge, the intervals should be reduced, and regulated accordingly.

[n rivers exposed to much agitation from wind or floods, the construc-
tion of a floating bridge should be such as to allow something for the
individual motion of each boat, so that the bridge may have sufficient
Hlexibility to undulate a little with the swell, and thus yield to a force
which might otherwise break or strain the beams. If beams, doubly
keyed or bolted to each other, be prolonged, as if forming one piece, and
rest on both gunwales of large boats, exposed by a heavy swell, to roll,
or to rise and fall, it is cvident that a force will be exerted to break
the beams, if the motion impressed upon the vessels be too much
restrained; and if, on the other hand, the beams be disconnected and laid
from the side of one boat to the nearest gunwale of that adjoining, a
small boat or vessel would dip, or hecl, very much, under the pressure
of any concentrated weight. To remedy this, g trestle should be fixed
longitudinally in each boat, the upper surface of the ridge beam being
raised a little above the gunwales, and the length of the trestle regulated
by the intended width of the bridge. If the boats are large, and strong
in the sides, the ridge-beam may be fastened upon beams laid across the
boat; but if, as is often the case with keeled boats, the sides and timbers
are slight though their bulk may be sufficient to displace the necessary
volume of water without much immersion, the trestle should be raised
upon the kelson, "¢ < o T v b

Tho balks should be laid from trestle to trestle. The beams of ail
Hoating bridges should be nearly square, because, if the depth be much
greater than the width, (as is the form in the construction of permanent
buildings of timber,) they would be apt to turn on their side when the
bridge is nuch agitated; and, would moreover, be deficient in lateral
strength to resist the horizontal strains to which they may be exposed.
The length of the balks is regulated by the distance the boats are placed
asunder, and this again depends upon their size, their number, and the
length and strength of the timber for beams. If the boats are large
and strong, and good long beams can be procured, the intervals should
be very considerable in a strong current, so that the water may be allowed
to pass with as little obstruction as possible. If good timber sufficient

i
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to form beams of 8 inches by 6 can be procured, 20 feet may be allowed
from trestle to trestle, and considerably more when vessels of 20 or 30
tons are used.

The boats necarest to the shore on each side being more particularly
affected by weights moving on and off the bridge (on account of the slopes
leading to the bridge from the banks, and the pressure thercby thrown
upon the nearest boat), two of the strongest and most capacious vessels
should he selected for the beginning and end of the bridge.

The width of the roadway depends on the amount of traffic. Onany road
of importance there should be a double roadway which may be separated
by a centre railing. The greatest weight that can come on an ordinary
roadway is that arising from a denscly packed crowd of people, which is
usually estimated at 120 Ibs. per square foot, and the weight of the plank-
ing, &c., may be taken at 20 Tbs. more. If the roadway were 18 feet wide
and 20 feet long from boat to boat, the greatest total weight on the floor-
ing of one bay would be 50,400 Ibs., which divided amongst five balks
would give 10,080 Ibs. cach, equal to 5,040 Ibs. at the centre; if the beams
were of sdl, this would require a scantling of 8 inches square, though it
would be better to make it somewhat greater.

The flooring should be 2% or 3 inches thick, nailed diagonally across the
beams, and covered with 3 inches of earth and stable litter. A railing of
wooden posts connected by chains may be fixed on each side. '

The balks are laid on the trestle in separate spaces, cleated off to reccive
them, and in which the beams work as the boats move in the water. The
vessels are moored head and stern, and fastened together by picces of
timber lashed across the ends of the boats, to preserve the proper distances,
and to save the balks from unnecessary strain.

When there is not sufficient depth of water to admit of hoats floating
within the proper distance from the river bank, and thus to form the two
abutments, wharves, rafts, or trestles, should he constructed, and it is
sometimes necessary to prolong these to a considerable extent into the
river. For tidal rivers, or those which are exposed to be much swollen, and
consequently to have their surface level suddenly raised, as in the vicinity
of a mountainous country, the trestles used for this purpose should be form-
ed of two strong upright pieces at each end, with a moveable ridge-picce,
which may be raiscd or lowered at pleasure, and readily adjusted to any
level, by iron pins, on which the ridge rests. In rivers subject to floods,
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the boats forming the abutment (and when the river bank is high, some-
times the two or three nearest boats at each end of the bridge) should each
be fitted with clevating trestles of this construction, by means of which
their ridge-beams may likewise be lowered, or raised, in due proportion, to
give an easy degree of slope from the banks to the bridge, when these are
so high, or the water so low, as to require the glopes to be thus pro-
longed.

It is indispensable to provide, in the construction of all floating bridges,
for making, readily, an opening in that part which lies in the most rapid
part of the current, so as to admit of the navigation of the river being
opened, and of the passage of any floating bodies, which might otherwise
endanger the bridge. The moveable part is constructed on two, and some-
times on three or more, boats, according to the magnitude of the river, and
is formed into a separate portion, of length sufficient to fill exactly the re-
quisite space. The beams of the moveable part project about 1 foot over
the outside gunwales of the outward boat, the beams of the adjoining boats
on cach side, likewise project over their sides; and the ends of the beams
are covered, so that they may not hitch in each other in reforming the
bridge. The planks, or floor, are fastened down to the beams throughout
the bridge by curb picces, clamped down with wedges, except at the junc-
tions of the standing and moveable portions, where the planks are attached
to those adjoining them by hinges. The moveable portion of the bridge is
provided with two large anchors, laid upwards in the strecam, and a strong
hawser is fastened to each standing end of the intended interval. The boats
forming the moveable portion are likewise provided with rudders or steer-
ing oars, and windlasses. To open the bridge, the outside planks of the
moveable and standing parts are folded back, to uncover the projecting por-
tions of the beams. The wedges, by which the beams of the standing and
moveable parts are clamped, are then driven out and the cables and hawsers
eased off; when by the immediato descent of the moveable portion of the
bridge in the current, an openin'g is quickly formed. The moveable part is
then obliqued, by the influence of the rudders, to a convenient position behind
either standing end. The method of re-forming the bridge is sufficiently
obvious.

Where proper anchors arc not available, wooden cribs filled with brick
or stone, of the annexed pattern, may be used, and held by ropes or chain
cables. :
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74, The following is a short description of the bridge of boats over the
Jumna at Delhi.

During the rains the main
stream of the river is 586
yards broad at the bridge of
boats. Seventy-seven boats
and fifty-two double plaj-
forms constitute the bridge
in the rains,

During the dry months
it is necessary to hridge 513
yards, which takes sixty-six
boats and forty-seven double
platforms. The water covers
but 178 yards, in which there
are twenty-three boats and
seventeen double platforms,
‘T'he remaining 335 yards are
sometimes dry, and some- .
times under water, and in this part there are forty-three hoats and thirty double plat-
forms.

There is a donble roadway railed off on cither side. Travellers and conveyances
going from cast to west are kept on one side, and those from west to cast on the other.
'There is a pair of plaiforms between the boats with a few exceptions.  Only 18 boats
heJong to Government, the rest are hired at Rs. 10 a month cach, for which the owner
provides a boat and a mullah to each boat. Seventeen of the Government Boats were
huilt in the Hills sone years ago and cost Rs. 450 cach ; onc boat was built in Dethi,
znd cost Rs. 663 ; a pair of platforms cost Rs. 144.

76, Pontoon Bridges are superior to boat bridges for civil purposes,
but their first cost is somewhat greater, and hitherto from the difficulty of
getting iron work made up and want of transport, they have only been
occasionally used in Northern India. A very excecllent one has lately been
vonstructed across the Ganges at Cawnpore, the iron pontoons having been
made in the workshop of Messrs. Palmer and Co., at that station.

The following is a description of the one at Agra, which has been in use
for many years.

The Agra bridge is supported on cylindrical sheet iron pontoons ; the total length
of the pontoons is 30 feet 8 inches ; the middle part is 5 fect 8 inches in diameter,
for a length of 22 fect. The ends are egg-shaped, the thickness of the shect iron is
Jy-inch, and the sheets are rivetted together with }-inch rivets, spaced from 2 to 13
inches apart from centre to centre. Each pontoon has o man hole, and a small hole
for the mooring chain ; the mooring chains vary, but are in gencral long linked chaina
3-inch diameter. No enchors are used, their place being sapplied with. blocks of stone.

"The_pontoons are spaced 18 feet apart from centre to centre ; on the pontoous, and
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resting on a timber saddle, the lorgitndinal beams are placed, the two ontside and the
centre onc being 8} inches square, with four intermediate oncs 83 inches deep, by 5
inches broad, meking in all seven beams ; upon thesc beams, the planking, consisting
of one thickness of 3 inches sal is placed. The width of this roadway or planking is
26 feet ; it is spiked down to the longitudinal beams at cach outside edge of planking.
Both above and below runs a longitudinal stringer of sél, 7 inches wide by 2} inches
thick ; this is bolted togetber with wrought-iron bolts ; on the top of this, posts spaced
6 fect apart are stepped ; between the posts ran two lines of long linked }-inch chain.
Inside the pontoons are placed props of wood to stiffen them.

To allow boats to pass up and down, thero are two pontoons each 4 feet longer
than the ordinary ones, on which are arranged two crabs with hinged platforms.
There arc raised, the whole removed to one side, and returned when the boats have all
passed. The arrangement acts very well.

76, A Flying Bridge is formed by anchoring a floating body in a river.
#0 as to receive the action of the stream obliquely, by which a force is de-
rived from the current to move the vessel across the river.

The boat A (sec figure), fustened by a cable to a buoy, B, sccurcly an-

chored, will, in erossing from

/72’3 - C, soon come into the line
AN : of direction of the current

. i \ T BD; and if she be steered
a4 ‘ Moo T T 7 in a proper degree of obli-
‘ ‘( : \< l quity, she will pass throngh
\ ’ the ascending part of the are
TN to the bank E, whence she
°| -7 )7 may be made to recross to

N C in the same manner.

The manccuvre will be
more casily executed with a long thau with a short cable, for it will be in
the arc of a larger circle. If a short cable BG were used, the boat would
have to ascend from G through a space equal to GH, to arrive at S, and
consequently saffer great resistance from the action of the current. Also,
resolving BS into BH, HS, we ree that the force BH supports the boat
against the stream, whilst it is held to the centre B by the greater force
HS. The movement therefore should not be made in a longer arc than
90°; and when this rule is observed, the angle ABE never being above
45°, the force EO will never be greater than OB.

‘Whenever & long service of cable is used, it should be floated by inter-
mediate buoys. ‘

1



CHAPTER XXX.
PERMANENT BRIDGES.

PerMANENT Bridges are made of Wood, Brick, Stone, and Iron. The
use of wooden bridges is in India, however, generally confined to places in or
near the Hills, where wood is cheap and plentiful ; they are, also, sometimes
used in the plains as temporary structures, until time or moncy can be
spared to erect permanent ones, but the destructibility of the material, and
the liability of its parts to be deranged by the violent atmospheric changes
common in the East, render its employment in genecral unadvisable. De-
fore however the material can be considered, certain points require to be ’
gone into which are applicablc to all kinds of bridges. Thesc are—1st,
the Site; 2nd, the Waterway ; 3rd, the Design.

%7. Site.—When the place where a bridge is to be erected is not deter-
mined by the position of a road, which it is inexpedient to alter, the site
which offers the most security for the foundations and the greatest cconomy
in construction is to be preferred. If rocky foundations can be had, they
will save much expense and anxiety; if not, any place where the river runs
between high permanent banks will be good, as the river will not be liable to
alteration, and the amount of water to be passed is essily known. In the
plains of Northern India, however, even this cannot often be found. From
the flatness of the country, and the vast quantity of silt bronght down by
the waters of an Indian river during the heavy freshes, caused by the melt-
ing of the snow in the hills and the periodical falls of rain, the bed is con-
tinually being raised, and the course of the stream perpetually altered.
No one who has not watched one of these large rivers for some years would
believe the extraordinary changes that occur in quick succession. Take for
instance the Indus, above its junction with the other Punjab rivers. Its
discharge in winter is 13,000 cubic feet, in summer at least 120,000. Its
proper banks at the above place arec 3 to 4 miles apart. Its cold weather
channel in one year may be 1,000 feet across. In the next year in the
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same place there will be three c‘hannels instead of one, separated by islands
of sand. The ferry has often to be shifted two miles or more, up or down,
in two following years. In four ycars it cut away 11 miles of bank, mea-
sured perpendicularly, and threatened destruction to a large town. The
next year the deep stream sHp off to the opposite side three miles from
the town.

It is evidently impossible except at an enormous expense to bridge the
whole of such a stream as has been described, nor indeed is it necessary.
What must be done is to provide waterway for the largest amount of water
that can ever be expected to pass, and at such a velocity as shall not be
dangerous, and then to connect the bridge with the high ground on each
side by massive cmbankments carried across the valley of the river. For
convenience sake the bridge might be built in the dry bed and the water
turned through it when it was ready, it being an understood point that
either the natural or artificial reach thus bridged should be as long and as
nearly at right angles to the bridge as possible. It is also evident that the
river should have as few assailable points presented to it as possible, 7. e., that
the piers should be few in number ; which, of course, implies large spans.
Hence is seen the great advantage in the employment of iron girder
bridges. We can get in the foundations gradually during successive cold
seasons ; then proceed with the piers, and finally, with the superstructure,
without having recourse to numerous centerings for turning a large num-
ber of arches at ence, which are often surprised by the river, carried away
and the stability even of the finished ones endangered by all not being
completed. 1In fact, the difficulty of constructing arches of large span in
brick and stone within a limited time is often practically insuperable, and
with small arches great obstruction is caused by the numerous piers, so
that by the time a large bridge has been finished, it has occasionally hap-
pencd that the river has taken a new course altogether, leaving the bridge
high and dry, and the water not to be brought through it except at a
ruinous expense. .

. With largo spans, the only fear is of the river carrying away the road
embankments, especially when the earth is new, and they must be watched -
very carefully at every point across the whole valley, often many miles in
extent. Their thickness must be great, they must be carefully made of -
rammed earth with a long flat slope on the water-side and well turfed, if
possible. Moroover, the river iteelf must be well watched for some miles



64 PERMANENT BRIDGES.

up-stream, and every exertion made to keep the stream straight and
uniform in its new channel. Little can be done in this way when the river
is in flood, but in the cold season much may be effected with comparatively
small means if judiciously applied.

78, Though this subject properly Ldugs to the Improvement of
Rivers, which will be treated of in a future Scetion, something may be said
about it here. The chief maxim to be kept in mind is, that to turn a stream
by direct opposition is alnost impossible, while to leud it is comparatively
easy, if we go to work in the right dircetion,

All subsidiary channels down which the water is inclined to run should
be dammed across ; for this purpose, sand dug from the bed of the river
may be used, strengthened if neeessary, by piling, or where the current is
strong, old boats may be sunk. Meanwhile, the set of the strcam should
be carcfully regulated, and any tendency to cut away its straight banks
checked ; and, for this purpuse, fixed spurs or floating breakwaters are
the most practicable means. )

Spurs may be formed of a double line of piling filled in with broshwood,
und carried out at an angle from the shore towards the current. The force
of the water is checked where it impinges on the spur, a new direction
given to the current and & considerable deposit of silt takes place both
above and below the spur® It is calculated that each spur will protect a
length of shoge five times its perpendicular distance from the bank down-
stream, and three times up-stream.

Where the water becomes too deep and rapid to continuc the spurs,
floating rafts of wood may be fixed to their cuds, and kept in the line by
guy ropes fixed on shore, or by anchors. These floating break-waters may
also be employed alone; they change the set of a current so long as they
ace in their places, but cause no deposit of silt, and are thercfore not so
effectual a remedy as the fixed spurs.

If the river succeeds in bursting the embankment at any point, the end
of the breach should. be defended by piling and spurs, so that the breach
may be as small as possible, and advantage taken of the first subsidence
of the water to close it. Every year the earth will become more and
more consolidated, and finally, will be able to resist all the efforts of the
water.

® The ubove means have heen very succesafully employed during the last two years in protecting
the town 4nd cantonment of Ders Ismael Khan from destruction by the Indus.
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In most cases of such rivers, it is a matter of indifference where the stream
is crossed, but a careful survey of the proposed site should be made, and
also of the water-course and its environs, above and below, accompanied
by borings or trial pits, to judge of the nature and description of foundations
that will be necessary.

9. Waterway.—The Engineer’s next step after deciding where to cross,
is {o ascertain the amount of waterway which he must allow for his bridge,
and very often this is a difficult task.

When the banks are well defined and the river does not overflow, then
the question is comparatively easy; but when, as with most Indian rivers,
in the dry weather they are mere rivulets, or perbaps nothing, whilst in
the rainy season they become floods, spreading over the country, the
question becomes one of intricate calculation, inasmuch as it is difficult to
determine what portion of the water is moving and what is mere back-
water. It is seldom also that the Enginecr has opportunitics of seeing the
highest floods; therefore bhe gathers his accounts from others; or even if
he should happen to witness a flood, he may not have means at hand of
measuring the sections and velocities.

Let AB represent the flood line of a river; it is plain that if we mea-
sure the areas of each compartment x, y, 2, and s, and ascerlain with what
velocity the water is moving throngh each, we shall know how much water
actually passes by in & given time, say a minute or a sccong.
~B

A - -
R a.-: 9 = 2 /

Now, as water flows by reason of the slope in a river’s bed, if we know
the velocities caused by certain slopes we can caleulate what amount of
opening would allow the whole of the water of the above section, to pass
under a bridge at its mean velocity, and so avoid that heading up of the stream
which, if carried too far, causes a velocity destructive to the bed of the
river and so to the foundations of the piers of a bridge placed across it.

The safest width of opening would, in many rivers be inconveniently
great ; we are thercfore obliged to run some risk by confining the floods to
narrower bounds; and this causes & heading up or affluz; and in propor-
tion to the perpendicular height of this afflux, will the velocity be.

The accompaning Table shows that sand is moved by the smallest velo-
cities, even so little as 6 inches per second, or about one-third of & mile

K
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per hour, therefore, the beds of our rivers must be continually moving, and
the question to be asked is, “to what depth does this river movement
extend under certain velocities of current ?”

Velocity of | wqtnve of the bottom which just ific gravit;
‘:::‘;“”"D:ﬁet “ ml-rean such velocities, f:%‘gfn matorial,
(32 Angular stones, siec of a
s hen’segg, oo cer cer e 2:25
Ordinary floods, ... 217 | Rounded pebbles, 1 inch
in diameter, .. .0 e 2:614
1-07 Gravel of the size of gnrdcu
: beans, ... . .. . 2:545
Uniform tenour, .., 062 Gravel of the size of pu\s, 2:545
071 Course yc]low sand), ... .. 236
Gliding, ... ... 0-351 Sand the grains the size of
anisceds, oo wee eee aen 2:545
Dull, .. ... .. 026 RBrown potter’s elay, ... ... 264

Experience alonc can be our guide in replying to the above question.
Colonel Abbott calculated the velocity of the flood which destroyed the
piers of the bridge over the Hindun at 11 fect per second, and the effect of
this velocity was to scoop out the sand to a depth 251 feet; it is plain
therefore, that any velocity approaching to 11 fect per sccond, must not
be risked in a river having a sandy bed.

Captain Sharp, in boring the bed of the Jumna at Agra, came upon
broken bricks at a depth of 23 feet, and this can only be accounted for by
supposing, that the bed has been disturbed to that depth by the natural
current of the river confined by bold bunks 1,300 feet apart. Captain
Sharp judged the surface velocity at Agra to be 8 feet per second in high
floods. Colonel Abbott calculated it to be not more than 6 feet per second,
whilst he states the velocity of the greatest flood at Delhi at probably much
less than 6 fect per second.

There can be no doubt that a velocity of 5 or 6 fect per second is dan-
gerous to bridges whose foundations do not rest on firm soil, or which are
not carried to very great depths. This may appear a small velocity to
cause 50 much damage ; observation has however afforded confirmation of
the correctness of the assumption of this Limit of velocity, under the arches
of rivers with sandy beds, unless the foundations are carried down either to
a hard stratum or to a depth of at least 40 feet.

80, The following Tables give the amount of afflux caused by obstruc-
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; tions in the river's course, and the velocity due to those affluxes can be cal-

l:;cu.la;tted by the formula v = A/2gh, k being the afflux, and ¢ being equal to
'82:17.

Amount of obstruction compared. with the virtual section of the River.

1-10th {2-10th| 3-10th | 4-10th } 5-10th | G-10th | 7-10th | 8-10th 9-10th

PROPORTIONAL RISE OF THE RIVER IN FEET.

ifeet per second.,|

Mean velocity)
|"of current in

1 [-0157-0377] -0697( -1192| -2012( -3521] -GTR0| 1G04 G-G389
21027710665 1231) 2108| -3548 “6208| 11955 28378 11-7058| | ordinary
i; 0477| 1144] 2118 *3618] 6107 10687 20380 4-8850{ 201504/ Flooda.
OTGO| 1892 3372 5759 9719 1-7008| $2756| T-TTHO} 32-0720)

A 1eal 278 5168| -RT82| 1-4895] 26066 50202 11-9160, 4'.!‘153:'»{

6 | 1508 -87386] 00121 1-1807] 1-9925] 3-48G8] 671541 150398 G3-T51R Vi;*l'm
T -2075[ 4083 92210 15750 26578 46311] 89578 21-2626| 877080 -
8 [-2578] -6 123] 1-1884[ 20200 SO0T] 115454] 27-4012| 1130422 } nusunl-|

O304 -8054) 14903 25566 42056 T-5172| 144777 84:3646) 141-7541| § Iy violent
l 10 | 4119 0877 1'8726) 3 1218 52680 92190 17-7557] 421440] 173:8440] ) ¥loods.

ExAMrLE.~The breadth of the Thames is 926 feet. The smin of the waterways,
old London Bridge was 236 feet.  The amount of obstruction, therefore, was about
*75 of the entire section 5 so that a velocity of 3} feet per second would give a fall of
nearly 475 fect, agreeing with the actual result.

If therefure the section of the river and its velocities can be ac-
curately measured, the amount of waterway in the bridge, so as not to
cause a greater velocity than § feet, nor a greater afflux than 5 inches, can
be casily ascertained.

81, In order, therefore, to determine the required waterway for a
bridge over any stream :—TFirst, determine by cnquiry the leight of the
highest flood ever known and correct the information, if possible, by flood
marks. Then take an accurate scction of the river's bed perpendicularly
to the course at the site of the proposed bridge, and calculate the area
contained between the highest flood line- and the bed. Do the same at
points one mile above and one mile below the proposed site of the bridge.

Measure the length of the undulating line of the river's bed in each cross
-gection, and divide cach arca by this length; the quotients will be what is

! called the hydraulic mean depth, which will be found to vary very slightly
l{from the common mean depth, in most Indian rivers. Add together the
‘three mean depths so found, and divide by three, the quotient will be the
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mean of the three ¢ hydraulic mean depths,” to be used in the calcula-
tion : write-it-in-inches.

Ascertain by means of a ]cve]]mg instrument, the difference of level be-
tween the river bed at the upper and lower section ; that is, the amount of
slope in the river for two miles; and write it down in inches.

Multiply the hydraulic mean depth in inches by the difference of level

¢ just found (also in inches), and take the square root of the product, which

will be the surface velocity (v) of the current, per second, in inches. The
mean velocity (V) may be found from the formula, V = v — /% 4+ 4, which
is, approximately V = 2 v, when the velocity is greater, and % v, when
the velocity is less, than 3 feet per second. Algobraicably expressed, V =
‘9 A/sds, whero

V = mean velocity.

d = hydraulic mean depth.

8 = slope of the bed per mile.

82, Suppose the following figure to represent the mean section of the
three taken :—

100" 100" 100 100’ 100 100" 100

D

X

The area of this section is 4600, and if the length of the line ABCD
measurc 710 feet; then 4600 = 710 = 648 feet, the hydraulic mean
depth.

Let us suppose that the two other mesn depths were 68 feet and 6-1,
then @-—"'—G;—'Pi@ = 646, which is the working hydraulic mean depth;
and in inches it will be 77-52.

Say that the difference of level between the upper and lower sections is
30 inches ; then, /7752 x 30 = 482 inches, which is the average sur-
face velocity, and 48-2 X & == 43:38 inches, or 3-6 feet mean velocity in
feet per second.

Suppose it had been proposed to force the stream under three arches
each of 50 feet span, springing at a height of 9 fect above the bed of the
stream, then 3 X 50 X 9 = 1,350, is the area of the proposed waterway,
and this is nearly three-tenths of the whole section, therefore the obstruc-
tion will be seven-tenths. A reference to the above Table will show that
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this would cause an afflux of 3 feet for the above velocity of 8:6, which would
give a velocity under the bridge = /27 x 8 = 138} feet per second,
which would wear away anything but the hardest rock. _
. 83, Having the mean velocity of the natnral waterway, that of the
; artificial waterway may be obtained from the following expression :—
v= % Vm, v 7
- in which s and v represent, respectively, the arca and mean velocity of the
_ artificial waterway; S and V the same data of the natural waterway ; and
m & constant quantity, which as determined from various experiments, may
be represented by the mixed number 1-045.

Thus in ihe given case, to find the waterway s, corresponding with a

given velocity of 5 feet per second,

s=Y 8n =2 x 4600 x 1045 = 3461,
which, divided by 9, the height of the piers, gives 384 for the length of
waterway required, or 8 arches of 48 feet each.

The formulz and co-efficients used above are however adapted only
to rivers, the outline of whose scction is a nearly regular figure, which
is seldom the case with Indian rivers in flood. They are capable of being
modified however, so as to suit the circumstances of the case; thus, if we
suppose & river to have the following section : —

100/ 600/ 2007 68
A : N /l_’—;/—'/> L
. i - D
B C

The arca of the whole is 15,800 square feet, the hydraulic mean depth
is 10-5 feet or 126 inches,  Suppose the fall in two miles to be 10 inches,
then o/ 6 X 10 x 5= 3195 or X 2:66 fect, and 15,800 x 266 -
= 42,028, is the discharge in cubic fect per second, according to the gene-
ral rule.

But if we take the section in two parts, viz.,, ABCDd as one, and the
triangle EDd as the other, and calculate them separately, we shall find a
considerble difference between this result and that of our first computation,
thus—

The ares ABCDd = 15,200, the hydraulic mean depth is 166 feet or
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199-2 inches; then o/ T X 10 x 15 = 40162 inches, or 3-346 feet ; and
15,200 x 3-346 = 51,059 cubic feet per second, as the discharge for the
one portion alone.

The triangular portion has an arca of 600 square fect ; the hydraulic mean

depth is 1 foot, or 12 inches; then / 12 x 10 X ]—J—o =

the superficial velocity. And 600 x ;—g = 500 cubic feet, the discharge per
second ; therefore, 500 + 51,059 = 51,559 the discharge, instead of
42,028, as in the first computation.

84, The maximum surface velocity of the current at any point may
also be ascertained by the simple process of allowing a cork or other light
JSloat to be carried along by the current of the middle thread of the water-
course, and noticing the time of its passage between two fixed stations.
I'rom the velocity at the surface, ascertained in this way, the average,
or mean velocity of the water, which flows through any cross section of
the waterway between the stations where the observations are taken, may
be found by taking four-fifths of the greatest velocity measured at the
surface. This is a method commonly pursued in practice, the breadth of
the stream being divided into a certain number of portions, and the surface
velocily in each being ascertained by scparate obscrvations.

In taking the discharge of the Indus some years ago, 1 proceeded as
follows. The point sclected was where the river was in one channel about
1,000 feet across. Ten country boats were used and provided with anchors
of the pattern shown at page 60.

Two flags were set up opposite each other on the two shores and in a
line at right angles to the stream, and the boats being hauled up-stream,
were dropped down one by one and anchored at intervals by signal from
the shore. Their positions were marked by measuring a base along the
shore and taking angles to each boat. The depth was then taken at each
boat, and between cvery iwo by a moveable boat, and the velocities ascer-
tained by floating a cork along a marked length of 20 feet at each of the
fixed boats. Of course this was an irregular and only approximate section,
but in such a river and with such a current it is very difficult to get a re-
gular section taken at exactly equal intervals. In a stream of less strength
a rope with distances 50 or 100 feet apart marked on it might be stretched
across, and anchored at two or three points, and the depths and velocities
taken at cach interval by one boat hauled along the rope from mark to

10 inches nearly,
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mark. The Current Metre is also used for ascertaining velocities ; it is a
small brass wheel which is put into the stream, and has an index to mea-
sure the times of rotation in any number of seconds, as shown Ly a stop
watch.

85, In making a new road across a line of country which crosses any im-
portant drainage lines, it will not he sufficient to calculate the discharge
of the water-courses by the above methods, as it will be impossible to say
how far that discharge may not be increased by a raised road preventing
the rain water running over the country, and forcing it into the water-
courses. It will be necessary to caleulate the area of the basin drained by
each water-course, usually termed the Cutehment Basin, and cross levels
must be taken at intervals where it is possible, to show the breadth of the
basin. 1ts length will be the length of the strcam draining it, from the
point where it emerges from the hills. At this point, the highest dis-
charge must be taken as above, and the highest quantity of rain-fall in 24
Lours over the area of the basin being known or assumed,* the sum of
the two may he taken as the greatest quantity of waler that ever passes.
Part of this will be lost by evaporation and much by absorption, depending
on the nature of the soil and slope of the country—the remainder will have
to be provided for in any bridges that may cross it. The data for evapor-
ation and absorption are very vague, and therefore no certain rule can be
laid down for the Kngincer, but the fellowing emperical formula has been
deduced by Col. Dickens, R.A., from a comparison of certain practical data,
and until a better one is kuown, may be used as an approximate guide.

Let M = the number of square miles of drainage area of any river or

water-course, no matter how small.

Let D = its discharge at highest flood, in cubic feet per second.

Then D = 825 M2.

Or in logarithms—
Log D = log 825 + § log M.

This formula is, of course, only applicable to cases within a certain
average of annnal rain-fall—say of 36 inches in the year. It may, however,
be considered to held approximately to all cases from 24 to 50 inches of
average annual rain-fall; as the heaviest fall of rain varies less in propor-,
tion than the total annual rain-fall.

To make use of this formula it is necessary, first, to have the usual data

* Usually, 12 inches for India.
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of sections, transverse and longitudinal, of the river's bed. Then determine
by a few trials the flood level which would give the discharge required by
the formula. This may be compared with the reputed flood level. If they
differ materially, the latter should be again investigated. After this it will
be safe to adopt whichever determination gives the highest flood level.

For small drains, it will be quite safe to fix a velocity such as the soil
will bear, and allow waterway enough to discharge the heaviest flood as de-
termined by the formula from the drainage area.

The following Tuble, computed on assumed velocities, and assumed pro-
portions between depth and width of streams, shows, in a gencral way, the
resuls of this formula in determining the size of bridge neccssary for a
given drainage area.

Algmuln. Bridge for common cases. [
. |l velo-
Dratoagonron, [ PB ooty leot] SRR TR | wo. ot [span i Height of
l::nx- spuns, | feet. _!’ +
1 acre, 63 5 1% 1 ‘li 1
. Bl os sl 1] 3| 1
5 22 b 43 1 3 13
8 31 5 6 1 3 2
6 . 52 | b 108 | 1) 4 2}
40 = g sqr. m. 103 6 18 1 6 3
} square mile, 17¢ 6 29 1 7 4
i » 292 6 49 1 10 5
i " 490 6 &1 1| 12 7
1 ,, 1825 ; 1:;;1) 2 | 12 G
2 388 2 3| 12 6
3 . 1881 | 7 270 3| 1 7
5 " 2.760 7 400 3 | 16 8
7 . 8560 7 507 3| 18 9
10 " ;,040 g 6223 g gg 11
20 804 975 10
30 . 1057 | 8 1,392 5| 24| n
50 - 15,005 9 1,734 5 | 30 113
00 doaet | w0 | dhe | 7| s | 1o
»” )
o ro | mm el o 2R
500 7,25 720
1,000 . 146737 | 10 14673 | 15 | 50 | 719
2,000 » 246,780 l} §(2,,184 15 60 24
3,000 334487 | 1 08 2 | 60 25
5,000 . 490,636 | 12 40886 | 20 | 75 | o7
10,000 . 825,000 | 12 68,750 s0 | 7 30
20,000 . 1,387.746 | 13 | 106,749 40 | 75 85
30,000 » 1,870,062 [ 13 | 143,920 45 | 80 | 40
50,000 . 2,605,690 | 14 | 190,256 50 | 9 42
100,000 . 4639274 | 15 | 309,285 60 | 100 50
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86, Design.—Under ordinary circumstances the nature and design of
a bridge, great or small, will be influenced by the nature of the material
procurable, the skill of the workmen, the amount of money to he expended,
&c., a8 well as the nature of the river to be passed.

At present iron structures are practically out of reach of the ordinary En-
gineer, as they have to bo procured from England, and as the objections to
wood have becn noted, and even good stone is not often procurable, his
choice will often be limited to brick.

After the foregoing calculations the Engincer is in a position to deter-
mine of how many spans or bays his bridge is to consist. If the stream is
gentle, its bottom not likely to be disturbed, and the foundations not likely
to be troublesome, and if his materials are not good and his workmen un-
skilful, he will probably choose a number of small arches. If the river be
one as above deseribed, subject to great floods, the bottom liable to erosion,
and the foundations likely to involve great expense, he must procure good
workmen and have few bays of large span, the superstructure being of
iron or Wooden Trussed ¥rames, or Arches of Brick or Stone, which we
shall have to consider in order.

vol. [



CHAPTER XXXI.

MASONRY BRIDGES.

87, Definitions.—The portions of the roadway at each cxtremity of the
bridge which lead to it are termed the approaches. The extreme supports of
a bridge, by which it joins the banks of a river are termed the abutments, and
the intermediate supports of the arches are termed the piers. The walls
which sustain the embankments of the approaches, where they join the
bridge, are termed the wings or wing-walls. The faces of the bridge up and
down the stream are sometimes called the kead walls. The projections of
the piers beyond the faces are termed the cuz-waters or starlings. The
centre line of a bridge between its extremities is termed the axis. The under
side of an arch is called the éntrados or soffit ; the former term being used
when large arches, like those of a bridge, are spoken of, and the latter for
small arches, such as usually occur in buildings. The outside of an arch is
called the extrados or back. The two lowest extremitics of an arch aro
called its springings or springing lines. A line extending from the spring-
ing line on one side of an arch to the springing line on the opposite side,
is called the span of the arch. The crown of the arch is the part most
remote from the springing line, and the parts of the arch for a certain
distance up cach side from the springing lines are called the Aaunches.
The spandrils are the spaces contained between the extrados and a hori-
zontal line from the crown. The blocking course is the portion of the side-
walls between the crown of the arch and the bottom of the parapet.

88, JFoundations of piers and abutments must be on soil sufficiently firm
to bear the weight of the superstructure and obviate any chance of settling,
and deep enough to be safe from the action of the water, increased as that
action will gencrally be by the obstacle presented by the piers, The beds
of all Indian streams are generally sandy, and the foundation must be
carried through down to the firm soil below. Care must be taken also that
this firm bed is of a good depth, for sometimes it may be a mere thin
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stratum of clay or gravel between two strata of sand; the borings will
show this. In a gentle stream a bridge of moderate size would stand
well on 8 feet of firm clay, the lower courses of the foundation being just
let into the firm soil below the sand, but & large bridge should have not
loss than 6 fect of clay. Very often the depth of sandy soil is 10, 20, or
80 feet, and though when not exposed to the action of water, sand is not a
bad foundation, yet it is liable to be moved even by the most gentle cur-

t, and in Indian rivers subject to floods, it is often torn up or worked
into decp holes by the stream. It therefore becomes necessary fo seck
artificial means of sccuring the foundations.

With small bridges, and whero the current is not very strong, and where
the nataral waterway has not been much diminished by embankments, it is
sufficient to support the bridge upon * boxed foundations.” These are
formed by making large boxes of wood of the shape of the pier, but about 9
inches or 12 inches larger cach way as to length and breadth, The boxes
live neither top nor bottom, their sides vary in height from 6 to 10 feet,
according to circumstances. These boxes are driven into the sand by
scooping from the interior and they are then filled with rubble masonry.
Upon this the piers are built. These boxes are in fact small coffer dams
and the water can be excluded from them by hand pumps, or scooping.
If the execution of ordinary masonry is troublesome from the presence of
water, the foundations may be made of concrete, composed of broken
stone or brick and hydraulic mortar in the proportion of 7 to 1. Another
plan is to build the bricks into large blocks and when dry let these down,
and join the blocks together below. Below the depth of 10 or 12 feet,
however, it is better to resort to Piling or Well-sinking ; or one or other
of the means which have been deseribed in Vol. I., Chapter XV.

80, In large bridges with the foundations on wells, it is in general un-~
necessary and undesirable to have a masonry flooring betwcen the piers,
as the soil is unstable, and anything that tends to obstruct the water from
passing as usual through the bays, may cause a scouring action on the
river's bed. The Madras Engineers, however, almost invariably use a
flooring protected by curtain walls, only sinking their foundation wells
6 to 10 feet deep. 'The curtain walls are sunk both up and down-stream
from pier to pier and to the same depth as the pier wells, the flooring
being of concrete, or brick-on-cdge, 2 to 4 feet'deep. This construction is
undoubtedly cheaper at first than the Bengal method, owing to the great
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cost of sinking deep wells; but it is often necessary to secure the down-
stream end of the flooring from the action of the water by continually
throwing in rough stone until the action has ceased; and where a large
supply of loose material of this kind is not availuble, it would generally
be necessary to continuc the flooring for some distance down-stream, and
to secure its tail by another curtain wall. The cost of this addition will
often equal the difference between the cost of shallow and deep wells, and
the latter are certainly safer in Bengal rivers, where the sand is of a semi-
fluid character.

Both systems shounld be fairly considered by the Engineer in the parti-
cular case before him, and the preference given to one or the other, accord-
ing to the circumstances of the case.

90, Piers—As the horizontal thrust of the two half arches on cach
side of a pier, counteract each other, the only effort that the pier will have
to sustain will be that arising from the weight of the two half arches, with
the additional weight that may be placed over them up to the road surface.
The thickness of the piers at top need therefore, in theory, be only suffi-
cient to sustain this pressure, and each square foot of brickworks being
calculated to bear a weight of 80,0001bs., or 85 tons, withoul crushing,
a pier 2 feet thick would suffice to carry arches of 100 feet span, and 4
feet thick; but this is much less than what is given in practice, for allow-
ance must be made for injury by time and corrosion o the exterior surface
of the piers, for shocks from floating bodies, for inequality of thrust in
the arches either from difference of span, or of workmanship.

The ordinary dimensions for brick piers are one-sixth of the span for
arches from 15 to 30 feet, onc-seventh from 30 to 60 feet, and one-eighth
for larger arches. This thickness is measured at the top of the pier.

In bridges composed of numerous arches, it is sometimes advantageous
to make every fifth or sixth pier strong enough to act as an abutment, as
the arches can then be turned in sets, and if not all completed in one sea-
son, the remainder may be safely left till the next, and afterwards should
one arch give way, the damage would not extend further than to the next
“abutment pier, but when no abuiment picrs are built, the fall of onc arch
may be followed by that of all the others.

When all the arches of a bridge are not built in one season, a small
temporary arch may be turned on one side of the last pier, (supposing it
not to have been made of extra abutment thickness,) to support & portion
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of the next arch, and act as a counterpoise to the last of those finished ; or
if the strcam can be turned from this pier, a heavy mass of brick in mud
may be built up against it as a buttress, and also on the top of the picr so
a8 to add to its weight and so resist the thrust.

Short piers should Le built with perpendicular sides, but a very high
pier looks better for a batter of about 1 in 12. Piers for semi-circular and
semi-elliptical arches whose extrados and intrados arc parallel, are finished
with flat tops, but for segmental arches, and arches whose extrados are
segments of circles, the tops must be fashioned to the angles of the spring-
ing lines with rudbed bricks, or with bricks moulded for the purpose, and
they are then called skew-bacls_ or imposts.

Piers, as well as abutments, having to sustain a great pressure should,
be very carefully bailt with very good bricks, and very fine joinis, to obviate
unequal settlement. v

01, Abutments having to sustain the thrust of the end arches unbalanc-
«d by the counter thrust of any adjoining one, require to be thicker than
piers; and as the thrust depends on the span, rise, and weight of the arch,
this should be caleuluted before determining the thickness of abutment
to be given in any particular case, instead of merely assuming for the
thickness some fixed proportion of the span.
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At the same timo it is to be remembered that if the wing walls and
buttresses of an abutment are built up, and the filling in of earth behind
it is carefully exccuted, simultanedusly with the building of the main
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abutinent wall,—the whole mass increascs the resistance to the thrust

of the arch which is cventually to come upon it. Abutments more fre-

quenily give way from scttlement of their foundations than from insuf-
* ficient thickness.

The back of the abutment should be built up te a height of one-third
of the rise of the arch above the springing line, and the half spandrels
filled in like manner as above the piers.

The above are good forms of sbutments in combination with wing
walls.

The calculation of the necessary thickness of the abutment to resist the
thrust of the arch has already been investigated in Vol. 1., Chapter XIV.

92, Arches of stone and brick bridges, are cither semi-circular, segmen-
tal or semi-elliptical (the curve in the latter case being cither a true or
false cllipse).

Semi-circular arches are strong, and have the advantage as well as those
truly elliptical, of cxerting no thrust upon ihe piers. But they generally
«give too great a rise, thereby involving heavy and expensive approaches.
“Jhe elliptical arch gives the greatest waterway for a given arca and is very
wilight and graceful in appearance, but is not so strong, and is more difficult
£ to construct than the segmental, which is the curve usually adopted.

The proportion of rise to span in an arch varics from about one-seventh
to one-fourth, the ratio increasing with the span. The young Engineer
had better refer to the numerous examples of bridges on record as patterns
to enable him to determine this in each particnlar case, remembering that
the flatter an arch is, the more care is required in the workmanship, and
the higher it is the more expensive are the approaches.  The springing of
the arch should be somewhat above the level of the highest known flood,
anq if the river is a navigable onc, there must be room also for a laden
boat to pass easily under the arch at high flood level.

It is now most usual to give the same rise and span to all the arches of
a bridge and to place their springing lines on the same level. This is
perferable to having arches of unequal dimensions, with their springing
lines lower in receding from the ccntre to the extreme arches. When the
first plan is adopted, the parapet wall and roadway will be on the same
level throughout, and measures must bo taken for keeping the latter dry by
apertures at the bottom of the parapets. The latter plan has however the
advantage of reducing the cost of the approaches by having a gradual fall
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in the roadway from the crown towards the two cnds, and many think it
quite as picturesque as the other.

Thoe proper Thickness of Arches has been investigated in Chapter XIV.;
whero also the rules for laying out the arch arce given.

The Bond of Arches has also been treated of in the above Chapter; but
it may bo as well to say that as both the methods given in para. 255, for
brick arches are to a certain extent defective, when the work is of impor-
tance and the cost can be afforded, the common bond should be used and
carried right through the arch. One brick is laid on edge to the centering,
its length laying in the direction of the breadth of the arch; the next brick
is placed with its end upon the centering and its length in prolongation of
the radius; thus breaking joint on the thickness as well on the breadth of
the arch.

03. Spandrells.—The spandrells or spaces between the arches may be
filled up in various ways, but the following are considered the best. In small
brillges tho masonry having been brought up to a level with about one-
quarter of the rise of the arch, is then sloped up to the top of the crown
and the remaining space filled up with gravel or stone-rubbish, but not with
sand or clay. In large bridges the best mode of filling up the spandrells is
to build cross-walls between the arches founded upon the solid masonry
alrcady mentioned, and increasing in length as they advance in height;
they rest upon and abut against the backs of the arches and act as struts
between them. These walls are placed from 2 to 3 feet apart, and are
made from 18 inches to 3 fect in thickness, according to their height. They
aro bonded together, if of considerable height, by laying long stones, or
when stone is hard to get, long flat tiles of carthenware occasionally across
from one wall to the other. The outside spandrell walls, sometimes called
Jace walls, ranning parallel with these, are connected with them in the same
way and become a part of the general frame. The walls are carried up
nearly to tho crown of the main arches when the spaces between them are
themselves arched over, Openings aro made at the bottom of these walls
along the top of the piers, through which any water that may fall into, or
by any means be collected in the spandrells, is conducted to one point and
issues through a pipe or spout placed for that purpose. The outside spand-
roll walls are usually made thicker than the interior walls, and a wall should
be built along the piers and abutments crossing and binding the other walls.
When the spandrells have been brought to the proper height, they are
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dressed to the slope which it is proposed to make the roadway, which is
recommended to be not greater than 1 in 24.
In designing the spandrells it should be remembered thaf the tendency
s of a very flat arch is to fall in at the crown, and that to counteract this
" tendency, a certain amount of weight is allowable and even beneficial on the
i" haunches. On the other hand the tendency of a high arch is to open out
f at the crown, and to prevent this the haunches should be lightened as far
¢ a5 possible. From not attending to these two principles, bridges are con-
!: stantly designed with an amount of masonry altogether unnccessary, and a
* very necdless expense is thereby incurred.

On the top of the face walls comes the dlocking course; this courso of
masonry cxtends the whole length of the Lridge along the arches, span-
drells, and wing walls. The upper course of it should be of sufficient
Jbreadth to allow of an inner and outer projecting ledge, as well as space
“for the foundation of the parapet. The upper side of the outer projecting
ledge or cornice should have & slope or weathering to throw oft the water,
and be properly throated so that the water shall not trickle down the face

“ of the bridge.

In some large French bridges the spandrells have been filled up entirely
with rubble masonry, but this throws an unnecessary weight upon the
arches. To rcmedy this, small arches have been made quite through and
kept open, or sometimes concealed; and in the Westminster and Orleans
bridges, vaulls have been constructed to lighten the piers which sunk and
those adjacent to them; but as these arches arc easily deranged by any
settlement of the main arch, and by that means rendercd injurious rather
than beneficial, the mode first deseribed is considered the most simple and
the most effectual. .

84, Wing Walls.—The wing walls may either be built at right angles
to the abutment, or with a curved splay outwards; the first plan is the
simplest and has the advantage of giving a better hold to the earth of the
river banks; but when the road narrows on crossing the bridge, or when
two or more roads meet at the approach to it, the wings require io be
curved. 'When the soil of the river banks is bad, the foundation of the
wings must be laid at the same depth as that of the abutment for their
whole length, otherwise unequal settlements and cracks are likely to result
from the height and weight of portions being unequal. But if the soil
forming the banks of a stream be firm, the wing walls may be cheaply
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and strongly built with foundations in steps corresponding with the form
of the banks. The depth of cach successive step should be determined
with reference to the section of the hank and to the soil ; in rocky ground
the surface of cach sicp should be 2 feet below the surface of the ground,
and in gravel 8 fect.

A guod rule for the length of wing walls is that they should be one and
a half times the height of the roadway above the bed of the river. Their
thickuess at bottom may be one-fourth of their height, and they should be
built with off-sets on the inside so as to reduce the thickness at top
to 2 or 2} feet. In facl, the rules for their thickness are the same as
for other retaining walls, and the thickness of wing walls should de-
pend not only on their lieight but on the description of the soil; when
that is firm and compact there will not be so great a pressure on the
wings as when it is loose. Wing walls of very great thickness have been
thrown down, or erached o snch an extent that it has been necessary to
rcbuild them, from the carth having been thrown in loose between thems?
and swelling after hecoming saturafed with water. This accident would
never happen if the precaution were taken of filling in the carth gradually,
as the walls arc being raised: it is then trodden oun daily and cannot after-
wards be ensily pencetrated by water.  When abutment walls are built with
long buttresses the pressure on the wing walls is deercased.

The ends of the wing walls are always widened so as to form pillars of
support which may be square under ground, and of any form above ground
which may be considered most appropriate to the design of the parapets to
which they form terminations.

95, Larapcts—The height of the parapet wall above the roadway may
be 3 feet in medium sized bridges, and may be inereased in larger ones to 4
fect, while for small road tunnels a few inches will be suflicient.  The
thickness may be cither a brick and a half or two bricks, the former will
generally be sufficient.

On the interior side at hottom there should be a projection 41 inches square,
called a wheel-guard, when there are no foot-paths, to keep off the cart
wheels. This should be of stone if procurable, otherwise of brick-on-edge.

The blocking course on which the parapet is built, should be from 1}
to 2 fect wide, and 1 to 2 feet high. The inside of the parapet shonld be
quite plain, a8 any projecting ornament would be guickly knocked off : on
the exterior side, at top and bottom, a neat cornice will improve the appear-

voL, IL M
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ance of the bridge. Should a balustrade be adopted instead of the ordin-
ary parapet wall, it should be formed of bricks moulded expressly for that
purpose ; hollow pottery ballusters should never be used.

Perforated parapets of various designs may be built with bricks specially
moulded, and they have the advantage of lessening the accumulation of
dust on the road. The architectural finish of the bridge mmst be left to the
taste of the designer. The following hints may however be useful. All
ornaments for a bridge should be bold and massive ; a full projecting cornice
with but few members—a panelled parapet with curved coping. The
directions given to the cappings of the pier heads and the indication of form
of the intrados given by projecling the arch face a few inches beyond the
the face walls, and chiselling them in voussoirs, and a similar projection of
the ends of the picrs, are the principal means whereby a pleasing archi-
tectural effect may be, produced.

If the parapets are more than § yards long, holes should be left at inter-
vals on the sides of the bridge close to the parapets and through the parapets
of the wing walls. Theso holes are for the purpose of letting the rain-
water drain off the road. The drains may be carried cither through the
crowns of the arches or through the piers, obstruction is least likely to oceur
in the former; or the drainage may pass over the face walls throngh holes
under the parapets. The bottom of the holes should be ahout an inch
below the level of the road surface, and if there is a cornice, the water
should issue above it.

Brick bridges are almost invariably plastered. The principal objection
to the practice is that the brickwork is likely to be less good in consequence,
and the parapets soon present a shabby appearance. A stone coping would
be more secure from injury, and would very much improve the appearance
of a brick bridge left unplastered. The courses of brick work would then
have to be laid with regularity, and with thin mortar joints well pointed ;
the requisite cornices and other ornaments could all be exccuted in bricks,
either chiselled or moulded to the form required.

96, Roadway.—The first flooring of a bridge should consist of a layer of
brick-on-edge, and on this a layer of good kunkur well rammed down to
1 foot at the crown and 9 inches at the edges, even if the roads leading to
it are not metalled. This should never be omitted, and the rubbish from
the brick-kilns should be taken for the purpose, if no better material is pro-
curable.
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A curbing of stone or brick-on-edge should then be laid about 4 fect
from the parapets for the footpaths, which may be laid with paving stones
or large flat tiles. The footpaths should be raised 3 or 4 inches, a sloping
or saucer drain being made between the curbing of the footpath and the
carriage way on cach side. The curbing and sloping drain should be of
stone when procurable.

Four granite gnard stones are required to be fixed in the road, either at
the extremitics of the parapet or at the parts where the roadway begins to
narrow, to protect the parapets from cart wheels. All small road tunncls
should be made the full breadth of the road, whatever that may be ; but from
motives of economy, tho breadth of the roadway over bridges may be
reduced in places where the traffic is little to 18 fect, but in all high roads
it should be 27 fect, and in large cities as much as 3G fect; these breadths
arc exclusive of the thickness of the parapets, and are multiples of 9, which
is the space required for the passage of a carriage conveniently, and without
risk of dollision. Footpaths may be gained on cither side overhanging the
face walls, ecither by bricking out or by supporting them by cast-iron
corbels.

When the roadway over a bridge is much higher than the country
adjacent, sloping approaches may be necessary.  They should not be steeper
than 1 of rise to 30 base. If the bridge have but onc arch, or arches of
cqual height at the crown, the roadway over it should be nearly horizontal,
the slopes increasing on reaching the abutments. If the arches are of
different heights, the thickness of the roadway over cach of them at the
crown must be the same. These precantions are requisile to prevent un-
equal loading of the arches. A perfectly level roadway over a bridge is less
easily kept dry, than one with an inclination both ways from the centre,
By forming the road with a slight convexity in its cross scction, with a
slope also lengthwise, most of the water falling on a bridge will run along
the gutters between the road and the fooipath on cach side. This water
should be conducted beyond the end of the wing walls, and there intro-
duced into pucka drains, carricd in the most convenient direction to the
low ground.

97, Stone Bridges.—In large Stone Bridges, strong and durable stone,
dressed with the chisel or hammer, should alone be used for the masonry of
bridges of large spar.. The interiors of the piers and the backing of the
abutments and head walls may for cconomy be of good rubble, provided great
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attention be bestowed on the bond and workmenship. The bond of cut stone
in ashlar masonry is arranged like that of brick work, so that the stones
may everywhere break joint ; the greater the weight of cach block the strong-
er will the structure be.  In all bridges where large stones are used, a crane
has to be employed to raise and lower the stones info their places. Where
the masonry is exposed to violent shocks, the stones are not merely bonded
but are jointed together, and iron cramps are used to strengthen them still
more. This, however, principally applies to masonry exposed to the
violenco of the waves. Rublle stone masonry is very common in this
country, made of irregular blocks or stone as taken from the quarrics, or of
large boulders found in the beds of hill streams. 1In the latter case the
stone should be broken with the hammer so as to give a rough surface for
the mortar to adhere to. The bed is prepared by spreading over the top of
the lower course an ample quantity of good mortar into which the slone is
firmly imbedded. The interstices between the larger masses of stone are
filled in by thrusting small fragments of stone into the mortar. Finally
the whole course should be carefully grouted hefore another is commenced,
in order to fill up any voids bLetween the full mortar and stone. The
courses should also be carried up horizontally. To connect the parts well
together and to strengthen the weak points, throughs or binders should be
used in all the courses, and the angles should be constructed of cut or
hammered stone.

98, Tho temporary supports required during the construction of arches
are called Centres or Cenferings, and iheir construction for small arches
has been described in Vol. I, para. 258.

Similar centerings with three or more ribs are -applicable to road tunnels,
and may be made into lengths of 10} feet cach, the lagging being nailed
on to each rib and extending over at least two spaces; the joints, if any,
being alternate, so as to hold the whole frame work well together. In
building the drain or tunncl, the centering is first to be fixed in its
proper place, at one cnd of the work, and the erch is then built over its
whole extent. That done, the centre is struck (which is the technical ex-
pression for releasing and taking down centering) and it is moved forward
very nearly its own length, taking care to leave 3 inches of one of its
ends underneath, but in contact with the underside of the portion of arch
that has been built. In this new position, it is to be made straight and
level, and again fixed; when a sccond quantity of arch work equal fo
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its length may be built upon it, when it is again struck, advanced, adjusted,
and fixed, and is ready for a third Iength of work; and by this process,
a tunnel may be continued any required distance with only one short
centering. I'wo or three centerings of this kind will be found very useful,
when a large number of tunnels of the sume span are to be built on 2 new
line of road; where, however, wood is dear and carpenters scarce, a solid
centering of carth may be formed, by filling in between the side walls or
abutiments with rammed earth, and then forming a raised surface of the
same to the shape required.  This mould is to be removed by digging out,
after the tunnel is completed, or so far as completed at any time.

For bridges of large spans, the centerings most in use in Indis ‘are those
with intermediate supports, as shown in Vol. 1., Plates XXIV and XXIVa,,
which have also been deseribed in para. 253. In rivers subject to sudden
freshes, it will be advisable to build the lower part of the centering pillars
of brick in lime mortar, or at least to point them with such mortar, or
the mud cement getting soft will be compressed by the superincumbent
weight and cause cracks in the arch.

When the span is more then 30 feet, it will be advisable to adopt
a cenlering, cowposed of four or five timber frames constructed wpon
horizontal tic-beams supported in several places by brick pillars, from the
top of which struts should radiate to support the main ribs in as many
points as may be requisite.  These main ribs are to be preserved from
lateral movement by cross struts and braces, and the irregular polygon
formed by them must be brought to the form required for the arch, by
supplementary frame work of slighter construction, und® the lagging.

99, Striking Centres.—When the arch is finished, the temporary sup-
ports have to be removed and for this pur-
pose scveral methods are used, which have
to be provided for in the design and con-
struction of the centering. The most usual
way is by means of wedges placed under
the wall or pillar plates, by the striking of
which on their sharp ends, the wall plates
may be gradually lowered. These being
double it is evident that if their small
ends, ag, are struck inwards the linc b will be lowered, and with it the wall
or pillar plate c, and anything supported by it.

PG
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Woedges should be in sets of three; the middle one directl» ander the
weight supported, the other two at equal distances on each side of it; then
by striking the centre one first, the weight will be equally supported by the
two side wedges, the centre one being refixed loogely, the side wedges may
be struck till the weight is again borne by the middle wedge, and thus the
lowering may be safely and gradually cflected.

The wedges over cach pillar should all ve struck equally and simultane-
ously, but as this is difficult of accomplishment, it may be sufficiemy «f the
wedges are struck in succession, lowering slightly those in the centre line
first, then those in the two next lines, and so on to those at th' springing,
taking cdre that the Jowering is very gradual and eqnable.

In order to avoid the neeessity for sending men in under the arch tn
strike the centerings, the wedges may be conneeted together on beans so
as to pass outwards from the two centre frames or trusses to cither cud of
the arch ; striking cach beam inwards lowers every centre frame resting
upon it. In centerings entirely supported at the springings of the arches,
four such beams, or iwo on each side, only will be required. In centermgs
on pillars, two will be required on cach row of pillars, between the pillar
plates and the trusses. In small arches these beams may be driven inwards
with mallets, but in large arches the work may be done by a beam mount-
ed and worked as a battering ram.

The wedges should be made of hard wood, and the beam above should
also bo hard aud smooth ; if a rough timber is placed on the top of a badly
formed wedge, there will bo the greatest difficnlty in getting the latter to
move at all, they should be thoroughly cleared of dirt and rubbish, and be
well oiled before the process of lowering commences,

A still more gradual mcthod of lowering centerings was used in con-
structing the Lloorkee aqueduct, viz.,, by the introduction of jack screws
in the place of the wedges prior fo lowering; this was effected by the
use of triple wedges, the middle wedge being struck out without affecting
the centering ; its plzce being then supplied by the screw tightened up
to reccive the strain, the outer wedges were then struck away and the
pressure left on the screw. The screw being well oiled and fully up to
the work required of it, could be turned by means of a long iron lever so
as to lower the centering almost insensibly. A row of these screws might,
as in the caso of the beams with wedges cut upon them, be connected toge-
ther, so as to work cntirely from outside of the arch. With good center-
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ings, however, and well tnrned arches, little danger is to be apprehended in
standing under the largest and heaviest arch, whilst the centering is being
lowered ; it is rather cominon coarsely built arches or centerings, brought
to the form required by heavy masses of brick and mud, from which dan-
ger is to be apprehended, and in these cases, wedges connceted together so
as to be struck from the outside should always be used; or better still,
such arches should never be built at all.

The wedgez are also sometimes placed immediately under the lagging,
and teing thes more numerous, cach bears less weight, and ean therefore
be moved with more ease, and, consequently, with more certainty ; so much
80 that the «ut.vin, may be lowered in parts and accidental distortion of
the arch » {lal means sometimes rectified.

100, But by far the best mode of lowering the centres of bridges is
by means o, Sand-loxes or cylinders, which is thus described by Captain
Fowke, R.L, in Lis Report on the Paris Exhibition of 1855 :—

* One of *he mwst futeresting points in connection with the construction
of this bridg “Pont de 'Alina) is the method employed for striking the
centres by weans of cylinders filled with sand. The employment of this
method dovs not produce the slightest change in the construction of the
centering itself, as the eylinder is simply substituted for the wedges on
which the eentres are supported.  The apparatus consists of a cylinder of
wrought-iron, 12 inches in diwmeter and 12 inches high, which is placed
in a vertical position on a wooden platform, on which it is prevented
from slipping by a circular picce of wood, three-fourths of an inch thick,
nailed to the platform and fitting the interior diameter of the cylinder.
Near the base of the cylinder, at four equidistant points of its circum-
ference, are bored holes 1 inch diameter, which arc stopped by corks
introduced from the interior of the eylinder, which is then filled to within
2 inches of the top with sand previonsly dried and passed through a
fine sicve; and into the space thus left is fitted a solid piston or plunger
of wood, coinciding exactly with the interior diameter of the cylinder,
about 10 jnches high; the whole apparatus which is thus about 20 in-
ches in height, is then introduced under the centres in lieu of wedges;
and M. Bouziat, by whom this method has been invented and applied, gives
the following account of the process of striking the centres :—

¢ In striking centres, al a given signal the corks closing the orifices in
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the cylinders are withdrawn by an iron rod about & foot.long and 0-31 of
an inch in diameter, pointed at one of its extremitics and flattened and
turned up at the other.  The sand then issues slowly until it has formed a
little cone opposite each hole, and stops., When everything is ready the
Engineer gives the order to lower from 24 to 2 inches; then, by means of
the iron rods, the men remove the cones of sand, and help its escape with
the curved end in the event of its having got wet during the progress of
the work, until the piston shall have descended the distance required, which
will be noted hy a scale attached to cach piston. The workmen then al-
lows the little cone of sand to accumulate and waits for a fresh rignal, and
in this way the centre descends gradually, and detaches itself uniformly from
the arch without shakingit. It will be seen that being completely master
of the operation, leisure is given 1o make all necessary obscrvations, so as
to be assured that all goes on well, or to take measures should the contrary
be the case. At the Yont d'Austerlitz, commenced the 20th May, 1854,
and opened for {raffic on the 8th November, the centres were struck in two
hours, and it might have been performed in still less time by placing a man
to each of the cylinders, so as {o lower all the centres simultancously.
Each arch of the bridge was supported by 36 principals, and the enormous
weight of both the masonry of the arch, and the metal of the roadway,
bore on the centres, they not having been removed until after the opéning
of the bridge to the public.

101. This method has been lately much adopted in India, and the
following are examples of its application in particular instances (rofes-
sional Papers, Vol. I.) :—

v

¢ Many of the bridges on the Mirzapore district are built with ashlar arches of 60
fect span and of great weight, necessitatiug a very strong centering ; this consisted
generally of seven ribs of sal timber, carrying for lagging a lnyer of the sleepers,
afterwards used in the permanent way, The ribs were kept vertieal by being tied
together with cross braces, and were supported with four pairs of wedges under cach
rib in the usual way.

% The centering of onr first arch was strnck in the old way ; a man with a sledge-
hammer was placed over each pair of wedges and at a given word they all struck
together. From that moment the noise of the hammers rendered any further order
inaudible, and the wedges came out one after the other, in no particular order, accord-
ing to their tightuess or the strength of the hitting. The resnlt was most unfortanate;
the heavy ribs came down singly, and in so doing broke from the cross tics, aud
ultimately fcll over on their side and severely injured some of the hnmmermen.
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“ 1t was this accident which vaused the adoption of sand boxes, which were made in
the following way:—

— =.Tie BEAM - L/
- —~ or RiA :
e o------ <--WEDGCES-- --- -

The box ismadeof 2-inch sil plank, 18° X 9* x 9*inside dimension; the sides are
dove-tailed inte the ends and the joints all secured with 5-inch serews; the top is left
open  Over this box and resting on the sand is a rectangular block measuring
16" x 8" x 8% soas to give half an inch play at each side and one inch at the ends.
At cach side of the hottom of the box are a couple of 1-inch holes sloping upwards
and inwards, and closed for the time with wooden plugs loosely driven in and luted
round with a little moist ¢luy.

“When the arch is ready for striking, four of these boxes, (28 in all,) are placed
under each rib as near us possible to the supporting wedges, the box filled with dry
sand, the block laid carefully on the sand so as to be clear of the inner edges of the
hox, and a pair of greased wedges with only 1-inch taper are driven with a hand ham-
mer between the bloch and the tie-beann of the rih.  The old wedges are then easily
knocked out and the arch rests on the sand and is freed by drawing out the plugs.

* The same set of boxes was used for sixteen arches without recciving any material
damage.

“This construction of sand-boxes may perhaps appear too simple to be worth des-
cribing, and the only featnre to which 1 wish to draw attention is that the surfacc of
the sand is left uncovered for half an inch all round the edges and shows no tendeucy
to overflow, notwithstanding the enormous weight laid on it, it being the property of
sand nol. to transmit lateral pressure beyoud a certain angle.

“ The central surfuce of sand on which the block is laid forms such an unyielding
bed that in transferring the weight of the arch and centering from the old wedges to
the sand-boxcs, the greatest subsidence observed at the crown was never more than one
eighth of an inch.

“The play thus allowed to the block is essential to its steady descent, because as the
sand is let ont by the sides, its upper surface does not remain horizontal, and the block
being no longer on a level bed would, if made to fit tight, most inevitably get jammed
and stop or burst the box; any close fitting plug or piston will I think be found to
fail on this account.

N
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%1 wonld suggest the following modification of the above construction as applicable
to very large spans, or to any case where the
arch requires to he let down slowly or the
process of lowering to be stopped at any point.

“ Dispense with the plugs and let the hox
stand on o plank a foot wider than itself so as to
form a shelf 6 inches wide under the plag holes ;
thus the sand from the holes will stand on this
plank in small cones at about 30° to the horizon,
and will stop the holes as effectually as a plug.
By sweeping these cones away with the hand,
the sand will cscape and the centering may be
lowered with any degree of slowness ; by letting
the cones stand the process may be stopped. By
the same means one part of the arch may he lowered quicker than another, which is
gometimes advantageous when cracks occur in unexpected places.

< Mnrlou}l'B';;;zlyr, Bengal.—Six arches of 74 fcet span.  The centres were designed

with double longitudinal heams, the lower one carried on the posts and struts forming
the supports of the centre, and the upper one forming the tie to the series of triangles,
forming the upper portion of the centres (wide Plate XXIIIL, Vol. 1) This upper
beam rested on the lower at a distance of 12 feet through blocks 8 x 8 x 12 inches
of soft cnsily splitting wood (dhow). When the arch had heen keyed, a strong sack
mande of double coarsc country canvas (7at) made as n tube, filled with dry sand and
tied with string at both ends, was introduced between these two beams close to each
block, a plate of stout plank (12 % 15 X 2 inches) heing placed above and below to
distribute the pressure fairly over the bag ; and finely tapered wedges in pairs were
driven betwcen the upper plate and the upper longitndinal heams with heavy mallets,
until the weight of the centres in licu of resting on the blocks, was borne by the sand
bags, and the blocks were so far loosened that they could be easily driven ont of their
places with a few blows of the mallets. Any individual blocks which could not be
thas relieved, or were jammed, were split out by carpenters, but this was not found
necessary in more than two or three cases.  The blocks were then re-introduced into
their places, but laid on their sides instead of on end, thus leaving a space of 4
jnches between their upper surfaces and the lower side of the upper longitudinal.
The whole centres now rested on the bags, of which eight supported ecach truss, or
forty the complete centre. Kighty ordinary coolics were now brought up, two to
each bag, (one taking charge of each mouth,) and two or three Europeans posted
among them to sce, and report, cach order obeyed. The word was then successively
given—First, to untie the up-stream mouths of each bag but not to allow any sand to
eseape ; second, to untic the down-stream mouths ; ¢kird, to allow the sand to run out
of the bags, when the whole of the centre sank gradually and steadily until it again
rested on the blocks placed to receive it, leaving the arch unsupported.

It was really a very pretty sight to sce the large mass of complicated timber fra-
ming 74 X 24 X 16 feet, and weighing nearly 50 tons, besides the portion of the
weight of the arch of masonry resting on it, gradually subside, with a motion so slow
and smooth that it was perfectly unnoticeable even while standing on it, except by the
separation between the lagging and the arch, and the approximation between the long-
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itudinal beams ; so uniform was the motion, that not ¢ven a creak was heard from any
joint of the fraine, and the time occupied by the movement did not exceed one minute.
The amount of sinkage at the crown of the arch was accurately noted by means of
two heavy leaden plummets weighing 8 to 10 Ibs. cach, and having a small brass
scale attached, one of which was hung from either side of the crown by an iron wire,
and rested in a tub of water below to check any oscillation of the plumb-hob ; conse-
quently the depth to which the seale was immersed before and after striking, being
carcfully noted, the difference showed the exact amount the crown of the arch had
sunk ; this measurement was further checked in some arches, by observing a point on
the key of the arch from a distance, through the teleseope of u theodolite, >

102, Various periods have been laid down as proper to allow between
the keying and the uncentering of arches, though it has been geunerally
agreed that immediately after the completion of the arch, the centerings
should be slacked a little so that the bricks may close in and compress the
mortar. Aud certainly this should be done before the facing, spandrel, and
outside parapet walls are built upon the arches, because a trifling change of
form in the arch may vccur by its scttlement without impairing its strength,
but which might crack and disfigure the external face walls; but if they
are not built until the arch bas taken its final sct, there will be no danger
of their being afterwards deranged or disfigured.  Arches have been safely
uncentered immediately after keying and have changed their shape but
slightly ; centerings have also been left up one and two months, and even
six months, aud though on their removal, the arches have not sunk at all,
yet they have done so occasionally after the addition of the weight of the
superstructure. It is clear that any change of shape in the arch must be
less prejudicial to its strength, while the mortar is soft, than after it has
sot, for, should any settlement then tuke place, the work must become
crippled.

‘When, however, a large arch has been built on a solid centering, or one
that cannot be properly and equally lowered, it may be requisite to allow
the arch to set, at least partially, before proceeding to remove such a cen-
tering, which, moreover, has probably allowed by its compression, of some
degree of settlement in the arch.

103, In illustration of the foregoing paragraphs, a few cexamples of
Indian Masonry Bridges actually coustructed are appended; from Profes-
sional Papers, Vols. 1., IL., and 111,

Sohan Bridge—Lahore and Peshawur Road.—The area drained by the Sohan at

the site of the bridge is ubout 578 square miles, and is very compact in shape, The
greatest depth of the river in floods is 15 feet, and the mean velocity about  or 9 feet
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per sccond. The slope of the bed is at the rate of 14 feet per mile. The calculated
mean velocity is 13 feet per second, The discharge calculated from cross sections of
the stream s in extreme floods about 91,000 cubic feet per secoud, which is equivalent
to about one-fourth of an inch over the entire catchment bagin.  The bed of the river
exposed to view, consists of bonlders ; water flows all the year round, and is never less
than 1 foot in depth. The trne bed of the river is the hard red clay of the country,
over that a layer of blocks of conglomerate, and over that some 12 or more fect of
bonlders.

At the site selected for the bridge, the river is rather wide, being over 1000 fect,
while a few hundred feet higher up the width does not exceed 750 feet.  (See accom-
panying plan.) The clear waterway of the bridgoe is 945 running feet.

The design consists of 15 spans of 63 feet cach, entirely of masonry and the bridge
is floored throughout.

Specification.—The foundations to rest. throughout on the clay hattom of the river.
The masonry helow the flooring to be of coursed rubble, the faces not to be dressed.
"The floor to consist of large blocks of stone well fitted, and the end stones to be of the
largest size and cut to fit closely.

From the floor to the spring of the arches the masonry {o be of the best coursed
rubble in large blocks with dressed faces,  The imposts to be accurately cut.

The arches, spandrel walls, and superstructure of parapets to be of best brick-work.
The cornice to be of cut stone. The surface drainage of rondway to be discharged
throngh the crown of each arch, by an iron pipe just clear of the wheelguard.

The entire surface of the roadway to be metalled with broken stone.

The stone to be used is sandstone, from the guarry on the Leh Nallah, and none
but the very best quality of stone is to be pat into the work,

Estimated cost, Rs. 4,28,271,

Markunda Bridge, Menjab—During the floods of the rainy scason, the river has
a depth of 6 to 9 feet.  From observations and sarveys made in 1859, the following
discharge of the river during flood was obtained.  The observations were made shont
3 miles above the site of the bridge, where the banks of the river are well defined.

Width of channel, . . . 1,577 fect.

Area, . R . . . 6,938 ,,

Rate of fall, . . . . 3.72 feet pcr mile,
Mean velocity, . . . . 6515 ,, per sccond,
Discharge, . . 35,730 enbic feet.

In 1845, a flood rose 18 inches nho‘c tlu bank of the river, giving a discharge of
47,838 cubic feet ; nothing approaching to this has occnrred since.

The Government of Indin, gave the following specific instructions for the pre-
paration of the design.

The width of the roadway to be 26 fect, the depth of the pier foundations to be
limited to 15 fect, and that of the enrtains to 12 feet.

The bridge to be divided into five sections by abutment piers.

The waterway not to exeed 1,073 running feet.

The nature of the foundations of the bed of the river was cxamined, bat no-
thing but sand, or at best, a clayey silt, was met with, to a depth of 40 feet. :

The total length of the hridge is 1,400 feet, and the height of the roadway above, .
the bed of the river is 24 feet. !
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Specification.—The curbs for the wells to be made of keekur, tallee, jamun, or
other sound jungle wood ; they will be 9 inches in thickness, put together in threes,
and firmly secured together by wooden treenails of reasoned keckur wood, The
masonry walls of the wells are to be 9 inches in thickness, and are to be built of
radinted bricks, moulded or cut to the proper form, and Inid with mortar composed of
two parts of soorkhee, to one part of freshly sluked stone lime, burned on the works,
and well mixed together in a mortar mill in the usaal manner.

All bricks used in the work are to be soaked for at least six hours previous to their
being used, and the masonry is to he kept moist, to prevent the too rapid desiceation of
the mortar, until the mortar gives indications of setting. The walls of the wells are
to be carried up G fect, and allowed to dry for at least ten days, when the under-
sinking may he commenced.

The whole of the wells of one pier or abutment, are to be undersunk together ;
when the wells have been sunk 3 or 4 feet, then the walls may be raised 6 feet more;
when the wells have been sunk 8 feet, then the walls must be weighted with kucha
pucka masonry, to facilitate the ndersinking, as well as to prevent the walls parting
from the curbs.

When the wells for the cartain walls have been simk to their full depth, the exca-
vation for the conerete, which isto be Iaid between the wells of the piers, (as shown
-m the drawing) as well as for the conerete heneath the flooring is to be commeneed.

As soom as a well has been sumk {o the required depth, it s to be filled at once with
trohen brick to the required level.  In laying the conerete, 6 inches is to be laid and
consolidatedl at a time, water from the foundation having heen removed by pumping,

- In uuderdinking the welly, the old systern of jhams and divers will be dispensed
with a~ uneh as possible ; pumps will be used to keep down the water in the well, and
ardinary excmators will be employed, the material being brought up by meaus of a
bucket and windlass ; when the material at the hottom of the well is slush, the bucket
is to have a valve in its bottom so ax to fill itself.

In the picrgand abntments, the bricks will be laid in Euglish bond, with half-
inch joints, and gronted every course,

As the work advanees, the hardest and hest shaped bricks will be set aside for the
arches.  Each arch will be divided into severnl portions, by joinis ranning com-
pletely through from softit to hack, the bricks being Inid in these successive portions,
alternately in rings and Dlocks, with joints running entirely through the arch, from
soffit to the back. English bond will be used in the portion laid in rings, the thick-
ness of the arch being divided into two cqual rings ; the blocks in which the joints
run through, are not to exceed four bricks in thickness, measnred on the soffit. Great
care will be taken in laying the bricks which form the keyx of the arches ; thin tem-
pered mortar or grout being wsed, and the joints well wedged up with hard pieces of
brick ; in keying in the arch, the first course on the soffit. will be formed of a thick-
ness of three bricks 1aid on their ends, in very thin mortar ; the next course will he
formed of five bricks, 1aid also on end, and forming continuous joints with those be-
Jow them ; this comrse will be laid in gront. By dividing the length of the course
into several compartments, separated by a single row of bricks, laid in mortar, the
grout may be poured into these compartments, and the bricks be set in it, and the

joints then filled with pieces of brick.

The haunches of the arches will be carried up and allowed to set hefore bringing
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up the remainder of the urch, Care must be taken to load the crowns of the centres
to prevent springing,

The arches will be turned on regularly framed timber centres ; these will be sup-
ported by timber struts ; each point of support will be capped by a strong wooden
pillar plate ; on this will stand & cast-iron cylinder fitted with a wooden piston. The
cylinder will be 9 inches in diameter, of sheet iron, in thickness {&-inch and 12 inches
in length, open at both ends. It will have 4 hulf-inch holes ; at half an inch from the
lower end of the cylinder, these holes will be fitted with four wooden plugs so that
they may be pulled out and inserted by the hand ; each cylinder will have a solid
wooden piston fitting it freely, and of the same length as the cylinder ; the cylinders
will be filled to 3} inches of their length with clean sand, on which the wooden piston
will rest. ' When it is desired to strike the centering a man will be stationed at cach
cylinder ; at the order being given, they will simultaneously pull out every man his
four plugs ; the sand will be allowed to run out until it forms a sort of semicone on
the pillar plate opposite each hole, when the sand will stop running until the sand
outside be cleared away ; on which, it will run again from the cylinder, and 50 on;
care must be taken that no moisturc finds its way down the sides of the pistons at the
eylinder.

The centres will be slightly eased immnediately after keyiug the arch, but the cen-
tres arc not to be struck until six weeks at least have clapsed after the keyingin; a
longer time will be allowed if convenient.

The mortar to be used on the work is to consist of one part of freshly burnt stone
lime, and two parts soorkhee made from picces of pucka bricks, and ground in a
mortar mill in the usual manner ; that used for the face joints to be ground inea
hand mill.

The concrete will consist of the following proportions :—

1 part of stone lime.

3 parts of soorkhee from pucka bricks,

G purts of broken bricks, kunkur or stone, two-thirds of which got to be larger
than u hen’s ey,

The concrete to be mixed together in a little tank close to the work and thrown i in
from a height ; no plaster will be used on any portion of the work.

Estimated cost, Rs. 3,61,180.

Glunges Canal Bridges.—Some of the details of their construction, are only appli
ceble to Canal bridges, and there are no two of them cxactly alike, but a general
deseription will be useful, as the whole of the bridges on this Canal may be said to
be excellent specimens of brickwork.

The first~cluss bridges consist of three arches of 55 feet spun cach, with piers 7 feet
thick. Although exhibiting in the intrados an elliptical curve, the arches are all
perfect segments of circles of 60 degrees, with the voussoirs of the courses radia-
ting to one centre ; they arce built with bricks 12 x 6 % 2} inches, On some of the
smaller bridges, rubble boulder masonry, and block kunkur have been used, the arches
being of brick. The mortar used consisted of 1 part stone lime to 2 parts svorkhee,
or 1 part stone lime, 1 part soorkhee, and 1 part sand.

The foundations varied from 4 to 10 in depth, where the ground was hard and of a
tenacious quality. When the foundations werce laid in sand, extra depth was gi
and wells werc uscd, where necessary. All these bridges have floorings with curtun.
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nent bridges are provided over the water-courscs, and finally the surface is,
metalled to diminish friction and the loss of power of animals, and wear
and tear of vehicles, These improvements would however be preceded by
new straight lines being marked out to save labor, distance and cost, both
of construction and subsequent repair.

155, It would be out of place here to dilato on the importance of roads.
Suffice it to say, that that importance is now so well recognised in India, that
numnerous lines arc under construction in various parts of the country, and
are only the prelude to very many others.  All of these are not of equal
importance and we may begin with what arc called Fairweather Roads, |
which as their name denotes, are temporary expedients, and often the use-
ful and cconomical precursors of a system of permanent roads in a new
provinee; the latter requiring much time, labor, and skill to be bestowed
on them, while the former can often be opened out at a very cheap rate.
But this should always be done with an eye to fature improvement, so
that labor may not be thrown away, and that progress however slow may
be in the right direction,

Supposing such a roud to require making from one town or settlement to
another in a wild unmapped country, if a traverse were run by compass
and chain between the two places, and plotted on paper, the magnetic
benring of the one place from the other would be ascertained and a straight
line could be run between the two by means of the compass. If two flags
are set up in the proper direction at some distance apart, then, by means
of a third flag brought into line with the two fornier, a straight line could
be run for many miles with a very slight deviation from accuracy. Where
a compass is not availuble, a fire lighted at one place may by its smoke
enable its direction to be seen from the other.

This line so run, and marked by a trench cut in the ground will often
be a practicable line for the road in a new country; if not, it will, at any
rate, be a valuable guiding line towards which all deviations caused by
varions obstacles should return; the line so marked out will be cleared of
jungle for a width of 10, 20, or 80 fect; a ditch cut on either side to serve
as a drain, and the carth cxcavated thrown in tho centre of the road to
assist the rain water to run into the ditches. Incqualities of surface can
then be levelled as far as possible. Small strcams may be crossed by
temporary bridges, if wood is available, if not, their banks must be cut

fﬂéwn, if necessary, to-a gentle slope, so as to enable carts to pass when the
YOL. II Y
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stream is dry or nearly so, and such slopes as well as the bottom of the
stream may be paved if material is available.

Of course it is useless metalling such a road until it is raised clear of
inundation ; but after the rainy season, repairs may be made as far as pos-
sible, and, in a dry country like Upper India, such a road would be open
for wheeled traffic for nine months out of the twelve. There are many
such lines in India, and bad as they are, they are a great improvement on
the old native tracks, which were narrow, crooked, and scarcely ever re-
paired.

The cost of such a road will vary from 100 to 500 rapees a mile,
according to the scarcity of labor, the difficulty of the ground, or the
extent to which the road track is improved.

There are several temporary expedients which may be used as a sub-
stitute for metalling; thus, stable litter, when available, or even grass
strewed on the sandy or dusty surface, will greatly improve it. A road
passing through the deep sandy bed of a river may be much improved by
cutting down through the loose sand to the moist and firmer stratun; on
this should be laid a flooring of fascines, 6 inches in diameter, made of
Jhow, or of the strong grass which gencrally grows upon the banks of
rivers in this country, and over all, from 1 foot to 1 foot 6 inches of
carth well beaten downj such a road would hardly last more than one
season, but it would not cost much, and its advantage would be very great
in saving draught cattle, the toil of struggling through heavy sand, often
worse than an additional day’s journey. This plan has been pursued with
great success at several of the large rivers, such as the Sutlej. It is also
applicable to the crossing of a swamp or bog, of which more will be said
further on,

156, The following is a detail of a temporary road of this kind made
over the dry bed of the Chenab River in the I’unjab.

The total length for the roadway across the Chenab measures 10,600 running feet,
of which 1,850 feet consist of a metalled road laid down last year, and now in good
order ; 3,600 feet resting on firm soil, extending from the road embankment to with-
in 1,000 fect of south side of river, and the remaining 5,800 running feet extend
across entire sand.

Specification.—The roadway to consist of one layer of grass fascines, cach fascine
to be 24 feet long, 6 inches in diameter, and tightly bound with grass, to be packed
closely together and covered with 6 inches of clay. On the surface of the clay and

to prevent its cutting into grooves a very thin layer of loose grass will be constantly
maintained. Au iuch of clay will be first laid down on the sand, all hollows fo be
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filled in and low points to be somewhat raised, that the foundation may not suffer
from the lodgment of water.

In other places the finished road to be 1 or 2 inches above the sand.

The total cost was Rs. 1,901 ; being Rs. 1-4 per 100 superficial feet, or Rs. 83 per
100 lineal feet of roadway. The work has answered well, effecting a considerable
saving in the tractive force required through the heavy sand. Though such a road
will only last one scason, its utility and economy will always justify such a construc-
tion being employed in all lines of heavy truficc. 'Whercver the fascines can be
pegged down, the improvement will be great.

157. 'Whatcver improvements are made in such roads should be directed
towards the most formidable obstacles at first; this is, indeed, self-evident,
(the strength of a road, as of a beam being only that of its weakest part,)
but it is not always casy to determine what are the most formidable obsta~
cles, nor whether it will be more economical to lay out a given sum in
raising a portion of embankment, cutting down a hill, improving the sur-
face, or building a bridge. Much of course will depend on the peculiar
circumstances of each case, and some of the considerations by which the
judgment shonld be guided will be treated of further on.

A common mistake in India is to make kucha roads too wide. If the
traffic is only sufficient to demand a kucha road, it will be better to make
that only 20 feet wide, and to keep it in thorough repair, than to have a
width of 40 feet cut up by wheel ruts, or half covered with grass.

Again, it is not uncommon to find a kucha road good in other respects
with a short length of it perhaps almost impassable, either from having to go
through sandy or swampy soil, or over a steep hill at that part. In such
a case it is evident that much moncy may be justifiably expended in Lring-
ing the short difficult portion up to the samne standard as the rest.



CHAPTER XXXV.
GRADIENTS AND CROSS SECTION.

168, WE come now to the question of Permanent Roads, which we
shall consider under the following heads.  1st, Direction ; 2nd, Gradients;
3rd, Cross Section; 4th, Metalling; 5th, Survey, Design and Estimate;
6th, Construction ; 7th, Maintenance and Repairs.

Direction.— Other things being oqual, a road should be straight, as
being the shortest distance between the two points to be connected.  Any
unnecessary excess of length involving a constant three-fold waste ; 1st, of
the interest of the capital expended in making the unnecessary portion;
2nd, of the expense of repairing it; 3rd, of the time and labor employed in
travelling on it. On the other hand as the great object of a road is to
accomodate the traffic of the country, so its direction must primarily be
regulated with ‘a view to such traffic, 7. e., it should pass through or close
to as many towns and villages, as possible; while the object of the lin-
gineer must be to overcome by skilful means the various natural obstacles
interposed along its course.

But straightness is of less consequence than casy gradients, and must
always be sacrificed to them, and this is one of the most important priuci-
ples to be observed in designing a road.

A straight road over an uncven and hilly country may, at first view,
when merely seen upon the map, be pronounced to be a bad road : for the
straightness must have been obtained either by submitting to steep slopes
in ascending the hills and desfending into the valleys, or thes¢ natural
obstacles must have been overcome by incurring a great and unnccessary
expense in making deep cuttings and fillings. .

A good road should wind around these hills instead of running over
them, and this it may often do without at all increasing its length. TFor
if a hemisphere (such as half a bullet) be placed so as to rest upon its plane
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base, the halves of great circles which join two opposite points of this base
are all equal, whether they pass Lorizontally or vertically ; or let an egyg be
laid upon a table, and it will be seen that if a level line be traced upon it
from onc end to the other, it will be no longer than the line traced between
the same points, but passing over the top. Precisely so may the curving
road around a hill be often no longer than the straight one over it.

But even if the lovel and curved road were very much longer than the’
straight and steep one, it would almost always be better to adopt the
former; for on it a horse could safely and rapidly draw his full load, while
on ithe other he could carry only part of his Joad up the hill, and must
diminish his speed in descending it.  As a general rule, the horizontal

" length of a road may be advantageously increased, to avoid an ascent, by
at least twenty times the perpendicular height, which is to be thns saved ;
that is, to escape a hill a hundred feet high, it would be proper for the
1.’ ke such o cirenit as would increase its length two thousand

hieviations from the direct line should also he mz&é in order to carry the
roud over high well-drained ground, where few cmbankments and bridges
£, will be required—or to avoid heavy cuttings—or to have materials for the
road surface close at hand, by which money will be saved both in first cost
and periodical repairs. Minor deviations will have to be made in order to
cross rivers at the places best suited for the construction of bridges.

Too much pains cannot be taken in deciding on the line of a road.
Should the line be il chosen, great expense may be incarred in constructing
the road, and keeping it in repair; and it may eventually be found more
cconomical to lay out a new line altogether, although it will involve the
abandonment of the work already done on the old line. On the other
hand, if the road has been skilfully laid out, although it may not be expe-
dient at the time to go to any great expense in bridging the streams and
impro:ring the surface; still, whatever is done will be a siep in the right
direction, and nothing will afterwards have to be undone.

159, The following Memoranda, by an experienced Road Engincer, on
this important subject will be found valuable.

The average scction of our Imperial roads in Upper India may be taken at as fol-
lows :~

Breadth of top of embankment, 40 fect.
Height of cmbankment, 4 feet,
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Slopes, 5 horizontal to 1 perpendicular,

Brewdth of arches of bridges, 30 feet.

Breadth of metal, 16 fect by 9 inches thick,

Rute of carthwork, Rs. 2-8 per 1,000 cubic feet.

Rute of consolidated metal, per inch per mile, Rs. 750.

Cost of maintenance, per mile yearly, Rs. 750.

Cost of drain bridges, per running foot of water-way, from 75 to 100 Rs. up to 15
fect span.

Cost of large bridges, from 300 to 400 Rs. per foot.

The rates here given will be found a close approximation to the actual cost, only
that for enrthwork is rather over than under what the probable expenditure may be.

From the above data we obtain the following comparative cost of cmbankments,
bridges and metal.

Cost of one mile of embankment (40 4 20) X 4 = 240, @ Rs. 2-8 per 1,000 =
060 or Ra. 0-9-7 per {oot.
. One mile cost 5280 % 0'60 = Rs. 3,168.

756 + 100

2

Therefore, the cost of onc mile of emhankment cqnals only 36 feet of water-way for
drnin bridges, while only 10 running fect of water-way of such hridges as that over
the Markunda equal the cost of one mile of embankment.*

One mile of metal costs 760 X @ = Rs. 6750, or more than double the cmbankment;
and taking the muintenance of road, at Rs. T00 u year for metal, and Rs. 50 for carth-
work, at 20 years’ purchase, we have for metal 700 x 20 = Rs. 14,000 a mile ; there-
fore the cost of metal is Rs. 20,750 a mile, or more than six times the cost of the em-
bankment.

From the above, therefore, it i evident—Tirst, that all cross drainage should be
avoided where practicable, and thut the height of embankments should not be so much
taken into consideration as the length of voad, so as to save metal,

Sccondly, as the cost of motul is such an important item, and as this so much
depends on the distance from the querries in selecting a new line, the provimity to
kunkur beds should form o very greut reason for adopting one line in preference to
another.

Supposing the wear and tear of metal to be 7,500 cubic fect a year per mile, and
that 8 annus is saved for each mile the road is nearer the quarrics, the actoal saving
would be 7,600, @ Rs. 0-8 = Rs. 37-8 a mile, which at 20 years’ purchase cquals Rs.
750. Thus, if 4 miles could be saved in carrisge, it would equal the first cost of the

1 embankment uearly ; or the road may be lengthened one-sixth between two points
" without adding to its cost ; that is 16-6G per cent. longer, which would admit of a
diversion of about one-third of the total distance out of the straight line,

Lastly, where nothing is to be gained by deviating from the straight line, either in
avoiding drainage or being ncarer kunkur beds, the embankment may be raiscd as
follows, without adding to the cost of the road, with the following rates for earth-
work 1—

Height of embankment up to 5 feet, Rs. 2-8 per 1000,
" »” above 5 and up to 10, Rs. 3 per 1000,
» ”» 10 and up to 15, Rs. 3-8 per 1000,

The cost of drain bridges is = Rs. 878 per foot. )



GRADIENTS AND CROSS SECTION. 167

Saving in distance 1 mile in 2, or 4, embankment may he raised to 13'00 feet,

1y o 3 & . »
1, » 4y si ”» ﬂ 40 »
1, » 6,5, 3 »”» 745
1 5 5 64 & ”» 664
1 % » T b » 610 ,,
1 » » 81 ”» i) ”» 580 ”»
1 5 5 %y 1':; » 530
1, »10,, Tﬂ’ » a3,
1, »15, TT' 500

That is, if the road can he shortened g t0 % of its ]u:;,;th add one foot to llcu,ht
on an mvernge throughout the whole length of embankment; from 4 to §, add 1}
feet; {rom § to 3, ndd 2 feet 5 for § and §, udd 3 feet 5 if § is gained, add 4} feet ;
where }, mld G feet ; and where the distance is halved, add no less than 9 fect to the
height of ainbankment.  That is, supposing a valley to intervene, which is one mile
broad and requires an embankment averaging 13 feet high to cross it, but hy going a
cireuitous roald wliel would avoid this bad ground, but add one mile to the length of
the rond (all other circumstances remaining the same along the line), it is as cheap to
make the 13 feel gmbaukment as to o the more cirenitons ronte, while trayellers are
suved one mile,  In other words, it is very seldom a road should be made to deviate
from the -atmn;,hl line om account of carthwork only, except in a hilly couniry where
steep wrnll(‘uN wonld inferfere,

Considerable desiations ean however he made from the straight line without adding
tauch to the actual length of road, as will he seen by the following :— Let A and B
be (suy ) 40 miles apart, and hadf way, at the point C, lay off the perpendicular line
C. Buppose €1 is one-tenth of AB, the ling
ADB will only execed AB 2 per cent. The En- 4 20

c
gmeer, therdfore, at half the distanee between the i
two points to he connected, has a breadth of 8 ]
miles to seleet from, without adding more than 2 v

por cent. to the whole length of road. If §, or

16:66 per cent. be added, (the limits where the eost of embankment and maintenance
of metal cqual cach other,) the divergence may be upwards of 13 miles on cither side,
Such a deviation {rom the straight line is mucl too great; so, in practice, il cross
drainage can be saved to the extent of saving only 14.square miles in a distance of 40
miles, it comes to the snme thing as to cost, as adding 2 per cent. to the length,

'llms Rs. 3,168, cost of one mile,
(2 prer cent. on 40 miles = 0K) x 7 (cost of _earthwork and mclnl) = 2027, and

75 (cost of one foot of water-way)
by page 135, of Vol IL of Professional Papers, Colonel Dichens allows 42 {ect of

water-way for $ sqnare miles ; but, by adding 2 per cent,
to the length, we do not merely gain 14* square miles,

4 = 80 syuare miles, where the road runs at

e

? right m;glcs to the drainage. Therefore, there can ho
no doubt that where we bave u rond (say) crossing from
the Ganges to the Jumna (all other points heing the
same), that instead of it being a dircet line right across,

it should curve considerably upward, thas—

lg-o-?:Tx—s = 14 square miles.
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The extent of deviation in & distance of 40 miles, and the per centq"addcd to the
length of road is here given :—

Miles, Ter centage. Miles, Per centage,
1 in 40 = 015 11 in 40 = 1241
2 ” 40 = 050 12 » 40 = 1428
3 » 40 = 124 13 » 40 = 16°18
4 ”» 40 = 2200 14 ’ 40 = 1810
5 " 40 = 300 15 » 40 = 20000
6 s 40 = 427 16 ” 40 = 2212
7 » 40 = 562 17 » 10 = 2418
8 s 40 = 711 18 » 40 = 2560
9 o 40 = H'80 19 » 40 = 2751
10 » 40 = 11'00 20 » 40 = 2933

From which it appears, that o long as the deviation is kept within moderate dis-
tanees, the additiona) length is little ; for even up fo one-fourth of deviation of the
total distance, only 11 per cent. i3 added ; but wherg, this is exeeeded, the per ecutage
inereases [nst.

Suppose the bearing between the two points to be connected is 90°, or due cast and
west 3 80 long as the bearing of no part of the line does not execed 19(l° or less than
80° for all practical purposes the road will be nearly as short as the direct line, while
it grives the Engineer considerable scope for selecting his line, In doing which, he
shonld consider, first, the Drainage ; secondly, the supply of Metal ; and lastly, the
Tarthwork, which, though at first sight it appears the greatest, is in reality insigni-
ficunt in comparison to the other two items.

A straight line is undoubtedly the shortest distance between two points, but nothing
is more monotonous than to have to march along a straight road. Tn fact, one should
never he able to see more then three miles along any road ; and this can be casily
accomplirhed by passing vound a village or n clump of trees.  Curves, however, are
unsightly in an open plain, mless there be some natural feature in the conntry neces-
sitating n curve, such as to cross a stream at vight angles, or to avoid low, marshy
gronnd, or some high mound.  In the Iatter case the mound can he taken advantage
of in hiding the rohd.  'Where, howover all is one extensive plain as one often mncets
with in India, to put & curve in & rond und not to hide it, appears as if o mistake had
been male in lining it out, which is worse than a continuons long line,

Curves may however he given at every three miles, so that no portion of the road
can be seen for a greater distance, and the rond greatly improved, not only in appear-

39 MILCS

[l B
,"::—“__'_—AX‘__...:__-.‘/_??———-__M_;—_—_-' = o N =S =

et
v Rc bt l X L ’Q**QSOE!Q

w‘»‘wi-————‘—_’
—_ LA !*—!1.!_!?1@'_‘,_‘ e e e
17 !’!-t{—iitt# TEY

"OLICE CHOWKL! .
AR XILEL A

ance, but also in comfort to travellers.  Suppose the distance between the two points
it is necessary to conncet is 30 miles apart, and that the country is one open unifor m
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. plain, The shortest line would no doubt be one uniform straight, but it would be too
tedious, and would involve long marches of 15 miles each, with nothing to break the
monotony of the march. By introducing Ogee or S curves at every three miles, and
planting two clumps of trees near them on either side of the rond, with a well in the
centre of one of them, the road conld only be seen along three miles of its length, .
and wearied travellers would have comfortablo shade with water to drink, A Police
Chowkio could be placed in the other clump, so as to afford protection to property.

Supposing DE to be cqual to 1000 feet, and CD equal 50 feet, then me
= 100124 feot; or mine of theso curves may be introduced and only add to the
length of the road in a distance of 80 miles; some four yards.

160, Gradients—Every road should be theoretically perfectly level. If
it be not, a large portion of the strength of the horses which travel it will
be expended in raising the load up the ascent. When a weight is drawn ¥
up an inclined plane, the resistance of the force of gravity, or the weight to
be gvercome, is such a part of the whole weight as the height of the plane is
of its length. If then, a road rises one foot in every twenty of its length,
a horse drawing up it a load of one ton, is compelled to actually lift up one-
twenticth of the whole weight, 7. e., one hundred pounds, through the whole
length of the ascent, besides overcoming the friction of the entire load.

The following table is the result of experiments.

Calling the load which a horse can draw on a level 1:00, on a rise of—

1 in 100 a horse can draw only 00

1, 50 » » » 81
1, # ” » » 18
1, 40 » » » 712
1, 30 » » P
1, 26 ”» » » B4
l » 24 ”» » » .50
1, 20 » ”» n 40
1, .10 » » » 25

In round numbers, upon a slope of 1 in 44, or 120 feet to the mile, a-
horse can draw only three-quarters as much as he can upon a level; on a
slope of 1 in 24, or 220 feet {o the mile, he can draw only half as much;,
and on a slope of 1 in 10, or 528 feet to the mile, only one-quarter as
smuch. ‘

This ratio will, however, vary greatly with the nature and condition of
the road ; for, although the actual resistance of gravity is always absolutely
the samo upon-the same inclination, whether the road be rough or smooth,
yet it is relatively less upon a rough road, and does not form se large a
proportional part of the whole resistance.

voL. 1L z
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Thus, if the friction upon a road were such as to require, upon a level,*
a force of draught equal to one-fortieth of the load, the total force required
upon an ascent of 1 in 20, would be 5 + %5 = &%. Here, then, the
resistance of gravity is two-thirds of the whole.

If the road be less perfect in its surface, so that its friction = 3;, the
total force upon tlfe ascent will be 3y + %5 = +%; and here, then, the
resistance of gravity is onc-half of the whole.

If the friction increase to ;, the whole resistance is 5 + 35 = % ; and
here, gravity is only one-third of the whole.

We thus see that ou a rough road, with great friction, any inclination
forms a much smaller part of the resistance than does the same inclination
on a smooth road, on which it is much more severely felt, and proportion-
ally more injurious; hence we deduce that steeper gradients are allowable
on kucha than on pucka roads. '

The loss of power on inclinations, is indeed even greatcr than these
considerations show ; for beside the increase of draught cansed by gravity,
the power of the horse to overcome it is much diminished upon an ascent,
and in even a greater ratio than that of man; owing to ils anatomical
formation and its great weight. Though a horse, on a level, is as strong
as five men, yet on a stecp hill it is less strong than three: for three men
carrying each 100 hs., will ascend faster than a horse with 300 ths.

161, Inclinations being always thus injurious, are particularly so whero
a single steep slope occurs on a long line of road, which is comparatively
level. Itis, in that case especially important to avoid or to lessen this
slope, since the load carried over the whole road, even the level portions of
it, must be reduced to what can be carried up the ascent. Thus, if a long
slope of 1 in 24 occurs on a level road, as a horse can draw up it only
one-half of his full load, he can carry over the level parts of the road, only
half as much as he could and should draw thereon.

This evil is sometimes partially remedied by putting on a full load
and adding extra horses at the foot of the steep slope. Oxen are thus
employed to assist corriages up steep hills, in many countries. But
this is an inconvenieni, a8 well as an expensive system, and the truest
economy is, to cut down, or to go around such acclivities, whenever this is
possible.

* Seq page 174.
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162. The loss of power on inclinations being so great, as has beenst:
shown, it follows that it is very important never to allow 2 road to ascend -
or descend a single foot more than is absolutely unavoidable. If a hill is
to be ascended, the road up it should nowhere have even the smallest fall
or descent, for that wonid make two hills instead of one; but it should be
80 located and have such cultings and fillings, as will secure a gradual and
uninterrupted ascent the whole way.

In this point Kuginecring skill can make wonderful improvements.
Thus, an old road in Augi~s. a, laid out in violation of this rule, rose and
fell between its extremitii < 24 miles apart, a total perpendicular amount
of 3,040 feci wuile « vev, road laid out b); Telford between the same
points, rose sud fell wdy 2,257 feet; so the™1,283 feet of perpendicular
height is now doue uway with, which every horse passing over the road had
previously been obliged {o aseend and descend with its load. The new
road is, besides, more thau two miles shorter.

163, The importaiee of the question of gradients being thus established, ;
it may be safficient to say that the result of a large number of cases, seems:
to «how that a yradient of 1 in 80 is the maximum slope that is desirable
on any metalled road.

Whea melinations are reduced to this limit, there is little loss of power,
compareid with < perfect level in either direction of travel; for the increas-
ed labot of wseending is eompensated in a great degree by the increased
eaxc of deseending, while on a steeper slope this advantage is nullified by
the secessity of the animals holding back the vehicle to resist the excess of
the toree of gravity.

Auy steeper slope than the above, therefore, entails a waste of animal
power in ascending, and a certain amount of danger in descending, and should
only be justified on very strong grounds. Of course there are many cases
in which such grounds arise, principally in connexion with the question of
cxpense; as for example in Hill Roads. But all such cases should be
regarded by the Engincer as exceptional. And if on otherwise level lines
it may be nccessary to have steep gradients herc and there, he will make
them as short as possitle.

On a Kucka Road, for the reason stated above, steeper slopes may
allowed, even to 1 in 20.

164. It is nol desirable in practice that any road should be on a dead
level, as its surface could not be kept frce from water without giving it so
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great & rise in its middle as would expose vehicles to the danger of over-
turning. But when a road has a proper slope in the direction of its length,
not only do the side-ditches readily discharge the water which falls into
them, but every wheel-track that is made becomes also a channel to carry
off the water. This minimum slope, below which it is not desirable that
{ road should be levelled, may be fixed at 1 in 123, and in a perfectly level
fcountry the road should be artificially formed into gentle undulations ap-
proximating to the minimum limit.
The following tables of corresponding angles and inclinations will be
found useful.

Anglos, | Inclinations. ! Fﬁlgf' Tnclinations. Angles. F;«:;‘lgr
{° 1in 115 46 1in 10 5° 4% 528
§° 1in 76 69 1lin 13 4° 24’ 406
1° 1in b7 92 lin 15 3° 4y 852
13° 1lin 38 138 1in 20 2° 5 264
2° lin 29 184 lin 25 92° 1R 211
2)° 1in 23 231 lin 30 1° 5 176
8° 1in 19 277 lin 35 1° 3% 151
4° lin 14 369 1in 40 1° 26 132

I lin 11 462 1in 45 1° 1¢’ n7

1in 50 1° Y 106
1 in 100 0° 35’ 53
1in 123 Q° 2¢ 42

165, Cross Section.—The proper width must depend on the amount
of traffic; the least width being 16 feet, to enable two vehicles to pass
with eage; but in practice, roads are rarely made of a less width than 2¢
feet. In this country it is customary and advantagcous to have a central

‘width metalled (usually 16 feet) and two side widths* of 12 fect, which
ave left kucha for hackeries and horsemen. This makes a total width of 40
feet for tho surface, which is sufficient for any first class road. Beyond
:the slope of the cutting or embankment on each side, a space of some 50
fect in breadth is usually taken, on which material can be stacked for the
repairs of the road, and beyond this space again are the ditches which serve
a8 & bonndary and for drainage.

On inferior roads, however, or where land is valuable, the breadth of the
kucha portion on each side of the metalling may be reduced to 7 feet, and

* Theso side widtha shonld be kept clear of all matcrinl—as cart-men, especially on long jour-

neys, prefer them to the metalled part, being much casier for the feet of the eattle. The metal muy
be 20 feet wido where the traffic is very great.
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the extra space beyond the side slopes may be dispensed with altogether.
The ditches on each side should be triangular in section, or nearly so, and
may bo 3 to 5 feet wide at top, and 1 to 3 feet deep, according to the
amount of drainage water they are likely to receive. Cross drains should
be made from them, wherever feasible, leading to the natural water-courses
of the country, and they should be periodically cleared out to let the water
run freely. The slope of their bottom should not be more than 1} to 3
feet per mile, otherwise they are apt to be cut up by the water and to
become worse than wuseless. On this account, indeed, many engineers ob-
ject to side ditches at all, but there seems no reason for this if they are
properly made and cared for.

166, Trees whether in rows or fopes should be outside the ditches, and
always planted well back from the road, otherwise the droppings fromr the
leaves will injure the surface,* and their shade will keep it from drying
properly.  On this account, as well as from the difficulty of properly at-
tending to long lines of {irees, it is hetter to plant them generally in topes
or clumps, here and there, which are also perhaps more useful to travellers
encamping, while avenues may be reserved for the neighbourhood of stations
or towns where they can be better attended to. In all cases they must be
defended by a cireular wall of mud or (what is better) of wicker work, for
the first three years of their growth. The Mango, Sissoo, Siris, Pecpul,
Banian, Tamarind, Nim, and other varietics, mnay be enumerated as proper
for roadside trees in Upper India.

162, The Side Slupes of cutlings and embankments vary with the na-
ture of the soil, but the made carth of the latter requires a more gentle
slope than the former. Rock cuttings may be left vertical ; stiff clay will
stand at 1 to 1 or 45°. Wherever turfing is practicable at a moderate
cost it should be carried out, especially for embankments, which otherwise
will recjuire a slope of 2 or 3 to 1; cuttings will in general adjust their own
slopes and should be allowed to do so where there is room, before the road
is open for traffic.

The formation and calculation of embankments and cuttings will be
described hereafter. If their height or depth is great, it may be necessary
to reduce the breadth of road surface below what has been given above, in
order to save txpense, and as the metalled portion should not be less than

® This applics more especially to Macadamizod ronds. 1In kunkur roads it seems doubtful whether
the trecs do not do more good than harm, in such & climate as that of Upper India, by protecting the
surface from the extreme dry heat.
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16 feet, the surface width may vary between that and 40 feet according to
the cost. )

The shape of the road bed should bo two inclined planes meeting at the
centre and rounded off, the fall from the centre towurds the sides should
not exceed 4 an inch to a foot, or 1 in 24,

In a road round a hill, the cross section should be a single slope inclining
inwards with a ditch on the inside, this is to prevent the road being washed
away at its edge (which oflen has to be built up) and 1o avoid the danger,
especially in turning a corner, of the passengers falling over the Lhud.
The drainage water, flowing from the Lill above, is also intercepted by the
ditch on the inside, which has cross drains at intervals Jeading under the
roadway to the face of the cliff.

6 A8, Metulling.—The primary object of hardening the road surface, is
to diminish friction. 'The power of draught nceessary to overcome the fric-
tion of the wheels of a vehicle under certuin circumstances, is called the
Jorce_of traction, and its amount in fractional parts of the weight moved,
“has been determined by experiment for different road surfaces, and varies
from -7 on a kucha road to 3% on a good macadamized road. And it may
be concluded that taking the greatest load that can be drawn by an animal
on a level kucha road as the standard, the same animal would draw on a
good macadamized road three limes as much ; on a kunkur road in perfect
repair, four times ; on a Railway, eighteen times.

Besides dimiuishing the labor of draught and saving the wear and tear
of vehicles, the metalling should also act as a water-tight covering to the
road itself, and thus preserve it from injury by rain. Perfect metalling
should combine the advantages of being smooth, hard, tough and binding,
and should be laid on an unyielding surface. The last condition will in
general. be fulfilled by laying the material in sufficient thickness on firm
earth that is properly drained, and has had time to consolidate. The other

" three conditions are more or less met by the various substances used as
metalling—such as stone, kunkur, and bricks, besides wood, asphalle, and
one or two others which are not employed in India. In general the
proximity of the material practically determines the particular kind that
shall be adopted.

Stone—~The hardest kinds arc the best, such as granite, trap, and the
hard limestones and sandstones. Stone may be used either in large blocks
orin small pieces rammed together; the former is more suilable for a town ;
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the latter known as macadamizing, is suitable for all first class roads, and
will stand heavy traffic well when properly laid down.

Laterite, which is a species of indurated clay or soft rock, is used very
much on the Madras roads, but will not stand much traffic, being too soft.

Gravel is also used in Madras, and makes a tolerable metalling for a
second or third class road ; it is in general not procurable in Upper India;
if mixed with chalk or lime into concrete its quality as a road material
is very much improved.

Kunlkur, which is the material chiefly used in Hindoostan, is a peculiar .
formation of oolitic limestone—found generslly in nodules, sometimes in
masses & little below the carth’s surface; it makes an excellent road, but -
requires constant repair if the traffic is at all heavy, The best is found in *
the neighbourhood of Allyghur, where it is dug out in large blocks and .,
even used as building stone.  The breaking of this block kunkur entails a
good deal of expense, and if not broken at once when quarried, it becomes
very tough and difficult to break afterwards.

Roads metalled with this kind of knnkur are very apt to be lumpy
unless great care he tuken to have the metal properly broken. It wears
exceedingly well, however, when properly sized and laid.

Brick makes a tolerable metalling when no other is available, but only
the very hardest kinds should be vsed.

In the Bombay Presidency, the chicf material used in Road making is
Moorum ; as it is generally obtained close at hand at small cost, and affords
the best sort of materials with which to commence a new road.

The term moorum, is applied to almost all descriptions of sub-soils
which are suited for the surface of a road, by being at all harder than the
common earth, and the surface of a moorumed road may contain in it
different portions of sand, laterite, broken bricks, kunkur, yellow earth, or
any hard strata, which may be met with below the surface.

The real moorum is probably rock in course of disintegration. It is met;
with at a dépth of 2 or 3 feet in regular strata, and is nearly homogene-'
ous in the same locality. 1t varies, however, in different localities, at
almost every mile, both with respect to its hardness and durability, as
well as the size of the pieces into which it breaks. It is got with the
pickaxe, and the very hardest moorum therefore that can be obtained must
fall considerably short of metal. The usnal form in which this material
bresks is into flakes or clinkers, with sharp well defined edges; this sort
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is a favorable description for binding under pressure and moistme. There
is another very good description of moorum which comes out in small
blocks or nodules, nearly the size of a man’s fist; this kind is very difficult
to bind, but when once well consolidated, it makes a strong and good road-
way. A third description of moorum, differing from either of the above
is of a gravelly nature. It breaks up into small pieces, and forms a very
smooth pleasant road in the fair scason, well adapted for carrying light
traffic, and does for cantonment roads. It is, however, not sufficiently
strong to stand heavy traffic well, and in the raing it is not much better
than an earthern road.

The method of applying the above materials will be treated of further on.

168, Subjoined are specifications for the new roads now constructing
in the Province of Rajpootana, drawn up by Major Pollard, Superintending
Enginecr.

Gencral Doseription.—Roads will be divided into four classes, Classes 1 and 2
will he mectalled and bridged up to a certain fixed water-way, and will differ merely
in widih, both being adapted for quick traffic in all weathers,

A 3rd class road will likewise be available for traffic in all weathers ; but the
metalling of the road-surface will be inferior, and the larger bridges suited for a
single line of traffic only.

A 4th class road will be unmetalled and unbridged; in fact, merely u fair-weuther
rond on which the ground has been cleaced, and the vullahs made passable, It may
be regurded as a commencement of a 3w class roud.

Width of land to be taken up fin randz—Lhe surrender of land for communication
is alwayr distasteful to the people of a conuntry, but doubly so when the ground re-
quired is capable of producing valuable erops,—such as opinm, sugw¥-cang, tobuceo,—
for which special qualities of soil are required. When such Iand is é€ necessity
absorbed within the road limits, it is advisable to reduce the width to a minimum,
without prejudice to the ubsolute requirements of the highway. This is simply
managed by diminishing the side gutter, and giving up its exterior slope altogether.
In the specifications, therefore, two breadths are shown,—the narrower of which
should ¢ adopted where the land is of more than ordinary value.

Speoification of a Vst cluss road (Sce Figures 1,2,3). For a st class road, in
ordinary land, the width required is 108 feet, divided as follows :—

Roadway, .. o . - . 30 feet.
Side slopes, 2 x 4, .. . . .. 8
Berm or cess, 2 x 15, .. .. . 30 ,,
Side trenches, 2 X 20, . . . 40

Total, .. 108 feet.

This has been calenlated from the requirements of a two-foot embankment, with
side slopes of 2 to 1. If the embankment exceeds two fect, the extra width for the
hase of the slopes must be taken from the cess.
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In valuable land the width may be reduced to 78 feet as follows : —

Roadway, R, .- . v« & 80 feet.
Side slopes, 2 x 4, . . . 8 ,
Berm or cess, 2 x 15, . . e 80
Sides trenches, 2 % 5, .. .. .. 10

Total, .. 78 feet.

The gencral specification of a 1st class road is:—

Embankment roadnay to be 30 feet wide, with side slopes of 2 base to 1 height.

Gradients not to exceed 1 in 25,

Drains und Culrerts, up to 10 feet water-way, to he 20 feet between parapets,

Brolyes and Culrerts, above 10 feet water-way, to be 20 feet in the clear between
parupers,

Mitulling in hlack soil, or where moorum is procarable, to consist: of a foundation
of 12 i hes of moorum, 18 fect wide, well consoliduted with a top layer of 6 inches of
Brahes stone or kunkwr, Where moorum is not obtainable, and the soil hard and
foan e etalling <1 be 9 inches of broken stone or kunkur, 12 feet wide.

Phe estevade] for o bse elass road should include all bridges ap to 150 feet water-
nay. vud this, they should be taken up as independent works, and form the
wnbject o eparate Estimates,

Speeshivalon of @ 2nd Class roud (See Figures 4, 5, 6).—For a “nd class road,
10 oydinarse ol the width to be taken up is 80 feet, divided as follows :—

toatnay, .. . . . . 24 feet.
Sate sopes, 2 x 4, .. .. . . 8
egn, 2o 12, .o .. .. .. 24,
Sude gutters, 2 x 12, .. . . .. 24
Total, .. 80 fect.
1n 1) 2ble Tand the detail will be as follows :—
Roadway, .. . . . - 214 feet.
Side slopes, 2 x 4, .. . . . 8,
Cess, 2 % 12, . . . . 24
Side gutters, 2 x 3, .. .. . . G
Total, .. G2 feet.
The “eation of a 2nd class road is :—Roadway to be 21 feet wide, and in

smbunkwe.  to have side slopes of 2 base to 1 height.

Gradien.s not to exceed 1 in 20,

Draing ane Culverts,below 10 feet water-way, to be 20 feet wide hetween parapets.

4 dyes and Culreerts exceeding 10 feet, to be 18 feet between parapets.

Mecalling in black soil to have a moorum foundation 12 inches thick, 15 fect wide,
and a top layer of broken stone or hunkur 9 feet wide and 6 inches thick, In firm
soil, where broken stone or kunkur is used, the width will be 9 feet, and thickness 9
inches, The cstimatgs of a 2nd class road should include all bridges up to 100 feet
water-way.

Specification of a 3rd class roud—{ See Figures 7,8,9). The land to taken np
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for 3rd class ronds under ordinary circumstances, is 72 feet, reducible in valuable
land to 54 feet.
The detail of the varions parts are :—

Roadway, . . . v 20 feet.
Side slopes, 2 x 4, . . . 8 ,
Cess, 2 x 10, .. . .. . 20 ,,
Side gutters, 2 x 12, . . . 24

Total, . 72 fect.

And the decrease, when necessary, can be made by reducing the width of the side
gutters to 3 feet, as has been shown in the specification of a 2nd class road.

The gencral specification is, roadray to be 20 feet wide, with side slopes of 2 to 1.

Gradients not to exceed 1 in 20.

Drains and Culverts, up to 10 feet water-way to be 18 feet between parapets.

Bridges and (‘wlverts, above 10 fect water-way, to be 14 fect between parapets.

Metalling, where moormn is obtainable, to be of that material cxclusively, 14 feet
wide and 9 inches thick. Where broken stone or kunkur is used, to be 9 feet wide
and 6 inches thick.

The estimate for a 3rd class rond should embrace all bridges up to 75 feet water-
way.

Specification of a 4th elass road.—For a 4th class road, land should be taken up
54 feet wide, and the boundary marked by a small trench. It will not be embank-
¢d, but should necessity demand it, it can hereafter be completed as a 3rd class road,
of which it is only the commencement.

Its specification is :—

All ground between the boundary trenches to be levelled and cleared : nullahs to
be rumped, and made passable for wheeled traffic.  All hills or ghats to be reduced to
& gradient not cxceeding 1 in 18.

Probable cost per mile.—The cost of these roads will naturally vary according to
localitics, but it may be sct down roughly as follows : —

1st class road, per mile, o . Ra. 14,000
2nd class road, ditto, . . » 10,000
8rd class road, ditto, . . » 6,000
4th class road, ditto, e .. » 1,000

A 1st class road being expensive, is only adapted for an artery, conmecting tho
principle Military Depots ; for a main Postal line ; or the chief Commercial outlet
of the country, where the traffic is such as to warrant the outlay.

A 2nd class rond may be adapted to connect the smaller Military Stations with their
Reserves, and with each other. 1t is also suitable for connecting Commercial Marts
with the main line, or the chief outlet for their exports, whether this be a 1st class
road or railway ; whilst

A 8rd class rond will be found to suffice for the internal communiecation of the
country between the more populous towns. It will also be found a useful style for
short railway feeders ; and where a road is required as an outlet for an isolated dis-
trict.

A 4th class road must be looked on merely as & prepnrttiorffor a 3rd class line,
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Unless greatly favored by nature, it will be impassible in the rains ; but for eight
months of the year, it will be found a useful adjunct in many ways, not the least of
which will be its habituating the pcople of the country to the necessity of sctting
apart a portion of their land for communications.

COMPARATIVE STATEMENT, showing the dimensions or the various classes of
Ltoads proposed for Rajpootana and Central India.

Width of Dridges

Width of land to] &, s . . <
5 and Culverte he- |Width of Mctalling.

be taken up. E ween Parapets. .g
o g - f - - @

Class of Roads. E' =2 E &2 & 2 g5 g [Z]

Eg | S| 5 | =5 | =B} 8 | E g

EE | g5 | £ | & | 22| 58 | & 8

{ &8 8 B |88 | 3¢ £ | &% 2

1st Class road, .. [108 ft.| 78 ft.| 30 £t.| 30 ft.| 20 ft. [18° x127[12'% 6" |1 in 25

D ond Class road, ...| 80 ft.| 62 ft.| 24 ft.| 20 ft.| 18 ft.[15' x12*| 9'x67!1 in 20
urd Class road, ...| 72 ft.| 64 ft.} 20 ft.| 18 ft.| 14 ft. |14’ %X 9* .- 11in 20

)
|
iM:'h Class road, ...| 54 [t.| 54 ft.| .. .. . . . 1in 18




CHAPTER XXXVI.

SURVEY, DESIGN AND ESTIMATE.

169, 1In laying out a road in an old country which has been long in-
habited, and in which the posilion of the various towns is already deter-
mined, we are left less at liberty in the choice and sclection of the line of
road, and must be guided in that choice by different considerations, to those
which would determine the route if made through a new country, where our
only object was to establish the casiest and best road between two distant

. stations. In the first case we should take into consideration the position
of the various towns, &c., situated necar the intended road, and its course
would be to a certain extent, controlled thereby; while in the second
case, we should simply examine the physical character of the country, and
base all our proceedings on the result. Whichever of these two cases how-
ever may have to be dealt with in the ultimate selection and adoption of
the line of road, between these points which are fixed by other circum-
stances the same carefnl examination of the physical character of the
country should be made, and the same principles should conirol the
choice.

The first step to this is the reconnoissance or survey. From an inspec-
tion of the best maps, the gencral line of a road may in most cases be
determmed. And on this general line particular points will be found
through which the road must pass; these obligatory or guiding points
would be for instance a low gap, ghit, or pass in a range of hills that has
to be crossed; a narrow part of a river suitable for a bridge, a favorable
place for crossing a jheel, &c. Between these points, one or more trial
lines will be chosen, deviating from the straight where local impediments
intervene, or according to the judgment of the Engineer, who should
walk over them backwards and forwards and examine them carefully map
in hand.

‘Where the maps are not in sufficient detail, it would be necessary to select
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points to the right end left of the imaginary line of road, to connect them
by a careful theodolite triangulation, and to fill in details by planc table and
compass, 50 as to have an accurate survey of the belt of country, more or
less wide, through some part of which the line would cvidently have to
pass. Or, a separato survey must be made of each trial line by a Theo-
dolite traverse, the villages and other important points being laid in by
cross-bearings with the compass. With the severdl trial lines all plotted
on paper to the same scale, 2 good map will be obtained from which the
exact line of road can then be selected.

This will be now carefully traversed and levelled—the levels being taken
nt regular intervals (from 100 to 500 fect apart according to the nature
of the ground) and cross levels at all important points, such as where the
ground slopes sideways, where a hill or stream or swamp is passed, where
in fuct. any peculiarity renders a deviation probable or that extra expense
will be necessary. The number and nature of his bridges will then be
de- ided from a due consideration of points which have already Leen des-
cribed in the Section on Briners ; the nature and description of culverts
and drains; of metalling; of turfing for side slopes; of irce-planting;
mile-stones; &e., will all have to be considered and provided for in the
estimate, which, with the accompanying plans and scctions, can now be
prepared.

170, Having thus gone over the necessary steps from the survey of the
country to the finished estimate, we may consider one or two of the steps
in detail.

It will of course, often occur that no trial lines are necessary; the route
to be taken by the road being apparent.  In few cases will more than two
be needful; and the final line sclected may be one or the other, or a modi-
fication of either, according to circumstances.

In passing from one guiding point to another, our line of road may rum,
—1st, Across a valley to connect two points in two chains of hills; or 2nd,
Across a chain of hills to connect two points in two valleys; or 8rd, To
connect two points in the same chain of hills; or 4th, To connect two
points in the same valley.

In the first case it will in gcneral be found less expensive to make a
considerable detour, so as to cross the valley and its drainage water to-
wards the narrow head, instead of running the road straight across with

heavy embankments and expensive bridges.
VOL. 11 2
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In the second case, also, the line of road will in general deviate much
from the straight by having to ascend and descend the hills on each side
of the pass, by such zig-zags as may meet the requirements of the ruling
gradients,

The third case will comprise roads entirely through hills; and the fourth
case, those running entirely through pleins, being the simplest, and also
in India, most general‘cases of all. In the third case, so long as the two
points to be connected lic on the same side of the ridge, (which is the
most common case,) the road would run at the foot of the hills, so as to
cross all the water-courses where they issued from the hills; to save heavy
and difficult work ; and to accommodate the inhabitants who would be at
the foot of, rather than on, the hills.

171, Longitudinal sections.—These will be prepared from the levels
taken on the final, and if necessary, the trial, lines. For the latter they
need only be in sufficient detail to enable a fair approximation to be arrived
at, as to the comparative cost of the earthwork, and as to the gradienis
that will be required on each. The method of determining these points
will be the same in both cases, and will be discussed further on.

For the final line, the working section should be made on a horizontal

scale, of not less than 500 feet to the inch, and a vertical scale of 20 feet
to the inch, 'The level of the surface of the ground ahove the datum, at
every point where the levels have been taken, 7. ., at every 100 feet, should
be figured in on the section ; and the depth of cutting or height of cmbank-
ment, at the same points, should be given in another column. This is ob-
tained by taking the difference between the levels of the surface of the
ground and the level of the road. Tho latter, known as the formation sur-
face, is fixed on the secticn by a due consideration, 1st, Of the gradients
necessary; 2nd, Of the importance of keeping the road surface clear of
inundation ; and 3rd, Of reducing the quantity of cutting and filling to a
minimum,. Its determination, therefore, especially if the profile of the
ground be very irregular, is a matter requiring much care and thought on
the part of the Engineer.

The principles for determining the question of gradients have already
been given.

In order to keep the road surface above the level of inundation, it will in
general be sufficient to fix it a little above the level of the highedt flood
marks on the ground : these may generally be determined by careful obser-
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vation of the marks on neighbouring trees and houses, aided by enquiry
from the inhabitants of the district. In crossing a large tract of low land,
however, it must always be remembered that the road embankment will
intercept the surface drainage; and though due provision. may be made for
passing this drainage through the road by Bridges and Culverts, (see below,)
yet in case of heavy rain, the drainage water will be dammed against the
embankment Before it can pass through, and rise much higher than it did
before the road was made. In such a case, a clear height of 3 feet should
be allowed above the noted flood levels.

But, in districts where the rain-fall is heavy and the country subject to
inundation, it will be necessary to make a calculation of the maximum
quantity of water that will have to be passed through such embankment,
by estimating the rain-fall over iho catchment basin (see para. 85) and for -
which provision must be made in designing the bridges and culverts. This ~
is ofien a vory difficult task, arising chiefly from the impossibility of ascer-
tainiry at wa ace wately the area of the basin, and also from the shifting
eourge of most Tndian rivers, by which the spill waters of one river may
uften eseape from their own valley and try to pass down the adjoining one.
Fixtear .ary falls of rain foo occasionally produce floods which baffle all
previous calenlations, and bridges are carried away and embankments heavi-
ly breached in consequence.

o guard against such accidents it is recommended to make some por-.
tions of a l-ng embankment lower than the rest, so as to provide a safety
valve for exiraordinary floods, and in very dry countries wherc the annual
rain-fall is scanty and floods uncommon, the whole roadway may sometimes
be kept level with the surface of the ground, so that no risk is run or ex-
pense incurred from damming up the rain water; and the only inconveni-
encc is perhaps a temporary stoppage of the traflic for a few hours during
the year. This plan has been pursued on the Umballah and Kalka road
and on t. indh Railway.

A working plan should also be constructed on the same horizontal scale
as the scction, upon which the position of the various levelling stations
should be noted, and numbered to correspond with those in the section.
On this plan, the road should be drawn in of its correct width on its upper
surface, and another linc on each side showing the foot of the side slopes.

172, The depth or height of cutting or embankment being obtained, .as
above, at each point on the section, and the cross section of the road being
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determined by the considerations before noted under that heading, the
quantity of earthwork is ascertained in the manner explained, under tho
Section EARTHWORK.

Where a large number of calculations have to be made, the help of
Tables saves much time and trouble, and it is often useful to draw out,
and prepare one's own Tables for the particplar work under computation.
Thus, in drawing up the estimate for a road with a uniform breadth of
30 feet, and uniform side-slopes of 2 to 1, it would save much time to cal-
culate all possible values of the trapezoidal section for every half-foot or
quarter-foot of height or depth, up to the highest likely to be used. The
proper formule can then be used with great facility, as shown in the
cxample given further on.

The contents of each cutting or embankment shonld be written upon
the section, The gradients should also be noted on the linc representing
the formation surface.

‘Where land is expensive and it is essential that no more ground should
be taken up than that occupied by the breadth of the road, it is important,
that the amounts of excavation and embankment should be made to balance
cach other in the estimate. If the former is in too great excess, the extra
quantity of carth has to be disposed of in spoil-banks heaped up at the
sides of the road. If the cxcavation is deficient, earth has to be dug from
the sides (‘called side-cuttings) to supply the deficiency. In either case,
thero is waste and cxpense which should be avoided if possible by raising or
lowering the gradient lines of road as shown on the longitudinal section.
This equalization must, however, be within certain limits, for it should
evidently be abandoned when in order to fetch the carth from excavation to
embankment, it would be necessary to go to such a distance, that it would
be cheaper to buy extra ground close at hand for the side cuttings (techni-
cally, when the lead of earth exceeds a certain distance depending on the
comparative cost of carriage and land).

If the cuttings and embankments are to be paid for at the same rates,
and a cutting and embankment be sufficiently close to cach other to admit
of the earth from the cutting being used for the construction of the em-
bankment, doth would not be paid for. For instance, if the embankment
received the wkole of the-earth excavated from the cutting, in addition to
whatever more might be in the embankment, it would be sufficient to pay
for the embankment. On the other hand, if the carth from the cutting be
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greater than the embankment can receive, the surplus being deposited in a
a spoil bank, or otherwise; it will be sufficient to pay for the cutting
only. .

If the cuttings and embankments are to be paid for at different rates, they
maust, of course, be taken out under separats headings in the estimate. In
this case, if the rate for the embankment be higher than that for the cut-
ting, and an embankment receive the whole of the earth from an adjacent
portion of cutting ; it will be sufficient to pay for the embankment.

But if the earth from the cutting be greater than the embankment can
reccive, the surplus being deposited in a spoil bank ; then in this case the
work to be paid for will be the whole of the embankment at the embank-
ment rate, and only the portion deposited in the spoil bank, at the rate for
cutting. That is, the excess of the cntting over the embankment will be
psud for as catting.

Should the rate for cutting be the higher, a similar but inverse arrange-
mient would be followed.

In cither case, the proper quantities to be paid for at each ratc should be
vhown in the estimate,

In calenlating the quantities of earthwork in excavation and embank-
ment, due allowance must be made for the shrinkage of the latter, which
will vary from one-eighth in light sandy soil, to one-twtlfth in gravelly
earth, of the quantity excavaied and thrown up into embankment; in other
words, that additional quantity must be provided for in calculating what
cutting is vequired for the finished crubankments. Rock, on the contrary,
occupies more space when broken, its bulk increasing by about one-half,
In practice, therefore, cxcavations should in general excced embankments
by 10 per cent.

173, Culverts, arc openings left in the embankment to pass the surface
drainage of the country. They are usually built of masonry, and may be flat-
topped, or arched, as is found most economical. Their size depends on the
amount of water to be passed, but the necessary space should be gifen by a
number of small arches, instead of onc or two large ones, to prevent the'
embankment being unduly raised, 'Where the amount of water to be passed
is considerable and runs in a regular water-course, 8 Bridge is necessary.

Scctions and plans of culverts are given in the annexed Plate.  They
should be provided with floorings if there is any rush:of water, and if the
soil is bad; or if there is a great weight of embankment above, they may
have inverts below the flooring, or the section may be egg-shaped.
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174, In preparing the Estimate, the cost of the various items must be
carefully worked out for the several localities. The items will, in general, be
Surveying expenses, which would probably be given in a lump sum, or
would be included under the head of superintendence; Lining out at so
much a mile; Earthwork, at so much per 1,000 cubic feet;* Metalling, at
8o much per 100 cubic or superficial fect ; Drains and Calverts, at so much
per 100 cubic feet of masenry ; Bridges (by themselves, as separate detail-
cd estimates); Mile-stones, at so much each; Trec-planting and fencing,
at so much per 100 trees; Superintendence, at so much per cent.

The cost of Earthwork depends, on considerations which have been al-
ready explained in Vol. I, para. 354. (See also ante, p. 160.)

Cost of Metalling.—For a 16 fect road, the quantity of broken stone
will be 16 X ‘75 x 5,280, per mile, for a metalling 9 inches thick =
68,360 cubic feet. For a kunkur road, it will be 52,800 cubic feet,} the
thickness being at centre 9 inches beaten to 6 inches; and at sides, 6 inches
beaten fo 41 inches. Cost of each including labor, on which more will be
said presently, will vary from 2403 ,000 Rs. per mile. One man can break
about 20 cubic feet of hard stone in a day, which would be about 160
cubic feet for the rupee, or Rs. 396 per mile; besides the first cost and
carriage of material and laying it on the road.

From former Grand Trunk Road rates it appears that kunkur was stack-
ed by contract at the side of the road at about Rs. 1-4 per 100 maunds
when brought from a distance of 1,000 to 2,000 feet. This is at the rate
of nearly 500 Rs. per mile, but does not appear to have included any price
paid for the material itself. The following has been supplied to me by an
experienced Road Engincer, but the figures are too low for present prices.

Excavation will range from . .. . . 015 0tol 8 O
Carting, (within 3 miles,) per mlle, .« 2+ .+« .0 8 0tc0O 9 O
Stacking at road side, . . . . .01 0to0 1 6
. ® 18 0t02 29
Consolidation, . . . . . e . 010 0to0 14 O

gc‘“’““lz 2 0t08 0 6

Total per 100 cubie fect of kunkur metallin
one mile,

Ratcs of Work on_the Lucknow and Fyzabad Road, which is still under

@ And in hill roads, Blasting at so much per 100 or 1000 cubic fect.
' 1 Or about 41,000, & cubic foot of kuukur weighs about 65,



SURVEY, DESIGN AND ESTIMATR. 183

construciion, may usefully be quoted; they have it is believed been found
sufficient.
Earthwork (ordinary},. . . . . . . . . at Rs.2per1000c. f.
Do. in high embankment and carried 150
vards, . . . « + + + 2 2+ o+ . . 8t R 4
Turfing slopes, . . . . . . . ot As, 4-6.
Metalling, kunkur, carried an a\emgc dls-
tance of —2 laycrs cach 4} inches

thick, . . . . e ¢« « « « « +« « atRebperld0ecf,
Pucka hru.k masom'y HLt in lime, for culverts, at Rs. 17 per 100 c. f.

Milestones, . <+« + « .+« . a8t Ra.16 cach.
The following werce the Rates of Work actually executed on the Lahore

and Peshawur Roud up to 1st May, 1853, calculated on an average of all
the divisions :—

Earthwork, . . . . . . . . . . . . ot Rs.3-5 per1,000e.1.
Musonry, . e . « « « « o « .+ « at Rs 12-11 per 100 c. f.

The following were rates, at that time estinmated to complete the above
road :—

Kupkur metalling, carried for a considerable

distanee, . . e . . . . at Rs. 3,830 per mile.
Stone mictalling umml from six tn nine

miles, . « e« + « . o at Rs 8,000 per mile.
Tunuel exeavation, . .« .« at Rs. 20 per 1,000 c. f.
Tuannel masonry, . . e« . .oat Reo 25 per 100 e 1.
Dry masonry for n-tammg “nlls « « « o« . at Rs, 6per100ec. 1.
Milestones, . . at Rs. 60 each.

As to the cost of Brldges and Culvcrta 1t is evident that it must vary
almost indefinitely, but on the Grand Trunk Road it has been estimated at
from Rs. 75 to 100 per running foot ofs water-way for small bridges, and
from Rs. 3 to 400 for large ones.

The following is the average cost of Macadamized Roads in the Madras
Presidency.

Width of road, . . . . . . . 30 feet.

Width of metalling, . . . . . . 24,
L s d.

Cost of earthwork, . . . . . . 166 14 @

Do. of metalling, . . . . . . 163 16 0
Bridges und Culverts, . . . . . . 302 14 0
Sundries, . . . . . . . . 40 00

. £673 4 0

If an addition be made to this sum for the cost of superintendence, &c., bringing it
up to £750 per mile run, this will bo an ample allowance for any contingency. £55
per mile has been estimated as the annual cosj of maintenance,
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. 175, Weshall next treat of the Comparison of Cost with Returne.
This is a question that the Engineer may or may not have to consider. In
general he receives his orders to construct a 1st or 2nd class road, from such
a place to such a place. Often the importance of the road cannot be mea-
sured by the money returns. It may be a military road, important in a stra-
ge"ﬁcal point of view, but of no great consequence to trade. Or even where
made for commercial purposes, it may be difficult to show the actnal gain to
the makers, who in India are generally the Government; and who derive no
direct advantage from it, except perhaps from tolls, which barely suffice to
keep it in repair.  But, as it is to be hoped that the time is not far distant,
when private individuals or companies may expend part of their own re-
sources in making roads, as a good commercial speculation, giving adequate
returns, either directly in the shape of tolls, or indirectly in the saving of
carriage and cost of transport of productions, it is right that the rising
generation of Engineers should understand the principles of the question.
First, then :—That road, whichis truly cheapest, is not the one that has
cost the least morey, but the one which makes the most profitable returns
in proportion to the amount expended on it. In its construction it should
of course, while violating none of the principles that have been above laid
down, be so laid out as to require the least amount of cxpensive works, and
with an eye to the proximity of the materials used in its construction.
‘When, however, the cost of construction has been properly estimated,
the returns to Le expected from it are next to be ascertained ; and though
these will of necessity be approximations only, yet experience has shown
that the right application of principles will enable a very fair result to be
arrived at. This result will be in the shape of the annual saving of labor
in the carriage of goods and passengers, which the construction of the road
will produce. If this annual saving exceed the annual interest of the
money to be expended, (at whatever per centage the money can be obtain-
ed,) then whatever bo the amount of that excess will be clear gain* 1o the
proprictors of the road, to be teken by them in the shape of tolls; or in
cheapening the carriage of their own goods. #And the result so worked ont
from traffic previously existing, may always safely bo assumed to be below
the mark, as experience invariably proves that good roads are not merely
a convenience to the old traffic, but will also create a very large additional
tiaffic.
* After paying for Road maintenance and repairs.
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176, Say that it is proposed to substitute a good metalled road in
place of a kucha road actually cxisting in any district, the road being
already raised and bridged.

As a first step, returns of actuul traffic must be made. These will be
taken by obsevvers stationed at different points with printed forms in their
hands showing the number and description of carriages, carts and animals,
whether laden or unladen, passing to and fro. They should be taken for
several successive days, care being taken to ascertain whether it is average
traftic or duc to any special and temporary cause, such as the holding of a
fair or the like.

The cost of this traffic is next to be considered. Let us ncglecet the
question of specd and consider only the weight. Assume that the road is
30 miles long and that 500,000 maunds (of passengers, cattle, grain, &c.,
u very moderate amount) are annually carricd.  The average friction of a
kucha road may be taken at %5 of the weight.  The annual force of dranght
rwixiired will therefore be 25,000 mannds = 2,000,000 Ihs. If the average
power of draught of a bullock at 1'5 miles an hour for 10-hours a day be
taken at H0 s, there wonld be required 40,000 bullocks to transport the
above in two days, or 80,000 in onc day. And taking the daily hire of a
bullock at 4 annas, the annual cost of transport of the above traflic would
be 20,000 Rs.

177, Let the road now be supposed to be metalled—so that the ani-
mals would draw three times as much as before.

Then the saving would evidently be 13,333 Rs. per annum, which the
carriers could afford to pay either in tolls or in paying for the metalling
themsclves.  If the money were borrowed at 10 per cent. this would re-
present a capital of 13 Jakhs, and as the cost of the metalling would not
exceed 90,000 Rs. at 3,000 Rs. a mile—there would be a clear gain of
40,000 Re.* besides the saving in time, and in wear and tear of animals
and vehicles, and the profit on extra traffic which would be attracted to the
good road, which might be set against the annual cost of repairs,

Next suppose the old road is only to be improved by being shortened a
mile By o new alignment of part of it.  Then J;th of the original distance,
and therefore labor = 667 Rs. would be saved, representing a capital of
6,670 Rs., and if the proposed diversion can be made for this sum, it

» Or if the money raised were their own, they would get & handsome return of 30 per cent. for
thelr moncy.

VOL. 1L 2 s
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should be made at once. It is clear there will be a further saving in
having a mile of road less to repair.

Next, suppose that the original road has a heavy gradient, 1 mile long,
at a slope of 10 to 1 to the top of a hill, which it descends by a similar gra-
dient on the other side; and that by making a detour of a mile, the gradient
can be reduced to 30 to 1. It appears from the table, p. 1G9, that an animal
can draw 2} times as much in the latter case as in the former, so that to
draw the above the traffic would cost ﬂilif_flpﬂ_(}_ Rs, = 3,333 Rs. more
annually than with the lighter gradient; so that if the exira mile could be
made for Rs. 30,000, it would be worth making.

These calculations will show the principles on which similar ones in
like cases should be conducted. Some such calculations should, whenever
practicable, accompany cvery design for a new Road. It is truc, as remark-
ed above, that the pecuniary return would be nominal, rather than real, so
far as the Government was concerned, but it would at least serve to show
the absolute benefit to the community that would arise from constructing
or improving the road ; and indirectly, no doubt a good Road is as profit-
able to Government as a good Canal.

178, 'The following Memo. will be found to bear directly on the above
question,

Eztract of aletter from the Post Master General, Novih Western Provinces,
dated 30th September, 1850.—A calenlation based on the returns of the Bullock
Train, goes far to prove that without any reference to the general interests of the
country, the want of a road to Lahvre annually causes Government to incur an ex-
pense greater than would keep in repair, and pay intercst om, the original cost of

construction of a metalled road.
The following statement shows the actual number and weight of packages conveyed

Gross Weight, Cost: of

Miles. Conveyancee,

'Numbor of
Packages

Mds. Srs. C.| BS. A. P,
From Allghabad to Cawnpore, ... { 125 | 3,594} 600220 9| 1,748 0 0

From Mecrut to Umballah, ... .. | 128 1,992 | 2929 1 0] 263210 8

from Allababad to Cawnpore, and from Meernt to Umballah, jn the month of Mey,
1850, together with the cost of establishment on each road. I have selected May ns

® One-fifteenth of the whole distance,
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a month in which the estublishment was fully employed, and one during which there
are no difficultics arising from rain.

The distances are nearly equal to cach other, and to the distance between Kurnanl
and Loodiana ; so that the comparison can be at once applied to the latter line,

The result is that the actual cost of conveying and guarding one ton of goods on
the metalled rond is Rs, 8-2-1,* while on the unmetalled road the cost for the same
distance is Ry, 25-2-6.+ Xrom these data it is cagy to estimate the cost of leaving the
road in its present state. The sums mentioned, merely show the actnal charge of
hanlage in dry weather, and do not inelude the cost, and wear and tear of carts and
wagons, or any estimate of the loss oceasioned by the ummnctalled road by delay caused
by rain.

If the whole were completed by the British Government, the cost could hardly
execed Rs. 5,000 a mile. At thisrate, the total cost would be about six and a half lakhs
of rupces.  The annuul cost of heeping a metalled rond in repair is I believe, about
Rs. 500 a mile 5 all estublishments inelnded.  The total annual charge on the road in
question may therefore he reckoned at Rs. 70,900,

Interest on 650,000, nt Sperceent, . . . o . . ., 32,500 0 ©
Annual vepairs of 128 miles, at Rs. 300 permile, . . . 93400 0 0
Total, . . 70,900 0 0

The difference in the cost of the conveyance of cach ton of goods would be as

ubove, Rs. 17-0-5,

Charge {or conveving one ton on unmetalled vond, . . . 25 2 6

-
Charge for conveyanee of oue ton on metailed voad, . . 8 2 1
Difference, . 17 0 5

1{ gherefore the weight of goods, for the cost of conveving which Government. is
charged, amonnts in the year to 4,164 tons, the whole cost of making and keeping the
road 1 repair wonld b covered.

I lwve no means of knowing the weight which actually passes bhetween the Pro-
vinees and Loodiana, en ronte to the Punjab, the Jullandur Doab and Ferozepore ; but
il Ordnance and Connissariat stores, haggage of troops, and miscellaneous articles for
civil establishments, are taken into account, I conecive that on the average of years,
the amount would not fall short of that indicated above.

To this must be added many advantages, money value of which cannot he shown ;
snel as incrensed speed and regularity of the mails ; the absence of all obstructions
to the movewent of troops ; and the avoidance of the thousand annoyances, delays,
and injuries which are now caused by a shower of rain.

1t is needless to dwell on the injury to the traffic and general interests of the coun-
try, by a state of things which triples the cost of carriage, and for four months in each
year practivally closes all communication above Kurnaul and Scharunpore.

On the Trunk Road, a pair of bullocks can with case drag a ton of goods. Even
if therefore, n toll of 5 rupecs was imposed on each cart druwn by two bullocks, the
merchant and public would gain 12 rupees in ench ton of goods passing between
Kurnaul and Loodiana.

% Per ion per mile, R&, 0-0-04.  t Per ton per mile, Rs. 0-5-04.



188 SURVEY, DESIGN AND ESTIMATE.

170, The following shows cost of transport of (100 maunds weight of)
goods one mile, by different conveyances.

Rate. Probnble

Mode of transport. nT~ ‘ —T ;r‘“s‘:{]';g REMARKS,
| A - daily.
Miles. 1 md. = 80 Ibs.
QOcean long voyages, ... ... ... | O 0] 2200 150 3
Amwmceriean lakes, ... we e o [ 0] 0] 476 e
Hudson riveryee.  see eoe wee wen | 0O 0] 400 Ohtained from
Frie canals, ... oo wor we | O 0] 635 report of State
Ordinary canals, ... .. . .| 0O 0 800 Engincerof New
Coal Railways, ... ... . .| 0] O]1T111 80 York for 1853,
Favorable passenger lm(-< vee e | O T L E000 150
Parsenger liues, steep gnulu-nts,... 01 218235 150
Lnst Todia Railway, lowest vate,... | 0 [ 2} 1000} 150
Jountry carts, over metalled road, 0 4 0 12 Tndian rafes
5 vountry 0] 5400 12 of transport for
Indian (.All‘l'\ ing Company over the grains and  the
Grand Trank Road, ... ... 01 6 (1100 33} chieapest deserip-
Probable rate by l\.uVJg.thL (J'umlq tion of gooidls,
in Upper Indin, cee e wee wen | O] 1 0 12

NoTE~—The probable rate of interest to be charged on goods would be one anna
per 300 mmpees daily, or 22} per cent. nearly (228 per cent.)  Therefore the cost of
transport of 100 maunds of grain, worth 100 rupees al prime cost, conveyed by Canals
a distance of 300 miles, would be— R. A, P,

300
Cost of carringe of 100 maunds 6 e ... = 1812 0

Time of transport, 25 days,at Rs. 0-10, .. .. = 1 9 0
Total, .. 20 5 0
or nearly 20 per cent. on prime cost.
Shonld the rate be reduced to 8 pic & mile
300 x 8

The cost of earriage of 100 mds. = = = 12 8 0
12 x 16

Time of transport, 25 days, at Rs. 0-1-0, .. .. =

|

—
<
=4

Total, .. 4 10
or only 14 per cent. on prime cost,
By the lowest rate of Railway charges,

The cost wonld be 300, at R=. 0-2-1, .. .. .. = 39 1 0
Add time of transport, 2days, .. .. .. .= 0 2 0

Total, .. 39 3 0

or 89 per cent. on prime cost.
By country Carts on Metalled Roads,

The cost would be 300, at Rs. 0-4-0, .. .. .. = 75 0 0
Add time of transport, 25 days, .. .. .. .. =% 1 9 0

Total, .. 7% 9 0

or 76'72 per cent. on prime cost.
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By country Carts on Unmetalled Roads, RS. A. P.
The cost would be 300, at Rs. 0-5-4, e =100 0 O
Add time of transport, 25 days, e o= 190

Total, .. 101 9 0
or over cent. per cent. on prime cost, with no allowance made for back hire,
By Ballock Train over the Grand Trunk Road,
The cost would be 300, at Rs. 0-G-11, o =114 3 ¢
Add time for transport, 9 days, at Rs. 0-1-0, = 09 0

Total, .. = 114 12 6
or nearly 115 per cent. over prime cost for the cheapest class of goods, and 100 per
cent, over the lowest rate by canals,

Comparing the cost by Railway and by Canal, if the canal rate is onc anna a mile,
it is only one-half the railway rate nearly, and about one-third the railway rate if the
charge be only ¥ pie.  Therefore, #ill the interest on the eapitul of prime cost makes
np the difference owing to the los of time by the canal, water transport would be
g deeeed to railway cwrringe. That is, no goods would he sent by railway under
ordinary ciremustanves that cost less than 4 rupees a maund, for

R. A, P,

100 maunds trangported 300 miles, ¢ Rs. 0-1-0 .. .. = 1812 0
Interest on 100 mawnds, o Rs. 14 for 25 days, @@ Rs.

0-1-0 per eent., .. . . . . o= 2114 0

40 10 0

And 100 maunds for 300 miles, ¢ Rs. 0-2-1 ., . o= 3 1 0

Interest on 10 maunds, ¢¢ Rs, T for 2 days, @ Rs. 0-1-0

per cent., .. .. . . . . o= 112 0

hd 4013 0

—_——

Again, suppose one Furopean Soldier costs the state £100 a-year, or Rs. 2-11-10 daily,
aud that he can be conveyed by rail 1,000 miles for Rs.

16 in three days, the cost to
Governmeul would be—

R AT,
Re. 2-11-10 ¢ 3 .. .. = 8 3 6
Add railway charge, .. 16 0 0

Total, .. 24 3 6
To march 1,000 miles at the rate of 12 miles a day, withont halts, would occupy 83
days, and Rs. 2-11-10 x &3 = Rs. 227-6-4 5 or, by a quick milway, he can be carried
at nearly one-tenth the cost. to Government than if he had to march, and his services
are availuble 80 days sooner. The natural conclusion to be arrived at therefore is

that both quick Railways and slow navigable Canals, are required for the protection
and development of India.

180, Anncxed are Plan, Longitudinal Section, and Estimate of an
actual Road, which will serve as a guide to the student, and will Lelp to
explain the preceding paragrapbs.

Tmecknow and Fyzabad Road.—First Section from Lucknow to Namabgunge
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distance 16} miles~The new road proceeds in a direct line from the iron bridge,
Lucknow, for a*distance of 500 fcet, and then curves slightly throngh the half rain-
ous bnzars of Mosahibgunge and Chawguuge, and thence in o direct line till within
2,000 fect of the Kookrail bridge, where it joins the old road by a gentle curve, thus
saving the formation of any new embankment on the low ground near the river. In
this piece of the road, nine drain bridges are required, to pass off the drainage of the
country into the Goomtee, and its branch, the Kookrail,

From the Kookrail nuddee, the old road is followed up to the outskirts of the town
of Chinhnt, a distance of nbout four miles. In these four miles a good deal of em-
bankment was raised before the mutinics of 1857, and two small drain Lridges were
built, some of the gradients, however, were very steep, and required alteration, In
this distance, the two old bridges, and four small drain bridges, are requisite.

The road formerly went through the town of Chinhut, (as shown in the annexed
plan by a dotted line,) making a large circuit for the purpose. Tt hias heen shortened
by going out-side of the town. In the new picce of embankment outside the town are
three drain bridges.

At a little more than a mile beyond Chinhut, is the Thakoordwara Nullah which
I propose crossing by a bridge of 30 feet waterway, the foundations being on blochs.
The soil is sandy to a depth of 12 fect, ut which depth there is a hed of kunkur, into
which the blocks will be sunk. During severe floods, the vwater now covers the road
to some distance on each side of the bridge. A good deal of heavy embankment is
therefore required here, which will extend from this nullah to another, (the Imlee
bund,) one mile further on. The Tmlee bund nullah is to have a bridge of 40 fcet
water-way. Drawings of these two bridges are given.

For the next five miles there is now no embankment, and it is requisite to raise the
rond in thix distance to a slight extent, the height of cmbanhinent varying from 1 to
3 feet.

The next object of, any importance is the Reyt nullah ; across this there is an old
native bailt pucka bridge, hefore alluded to, of seven archies, having a total water-nay
of 50 feet.

Between this uullah aud the station of Nawalgunge, some cmbankmeut is required.
Two bridges of 18 and 10 feel water-way rexpectively, will have to be constrneted over
small drainage channels close to the station.

Detween the present eivil station and the town of Nawnbgunge, is the other native
bridge referred to in the commencement of the Report.

It Las three arches, with an aggregate water-way of 26} fect.

Speaifisation.—~The road to be everywhere 30 feel wide at formation level, with a
centre width of metalling of 16 {eet 5 side slopes, 2 to 1, whether in cutting or em-
bankment ; ditches as shown in cross seetion given,

The carth to be taken from side cuttings outside the ditches, nowhere to exceed 2
Teet in depth.

Side slopes to be turfed with dhoob grass.

Motalling to be of kunkur in two layers, cach 4] fuchex thick at the centre, and 3]
at the sides, to be scparately consolidated. The lower layer to consist of the larger
Ppicces not exceeding 2} inches in diameter ; the small kunkur will be kept for the
upper layer, and will e washed and screened.  The bed for the kunkur to be horizon-
tal, and sunk 6 inches helow the formation surface, so that the metalling, when con-
solidated, will be flush with the earthern sides.
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A higher rate has been assumed for the embanked approaches to the iron bridge
and Kookrail nuddee, whers the embankment runs np to 25 feet in height, and the
earth has to be brought from a disiance of 100 to 300 yards.

Drain Bridges—The foundation of piers and abutments to be carried down to
good firm soil, and those of the wing walls to the same depth thronghout their length.

Curtain walls .. feei deep to be provided, as shown in the drawings, and a flooring
to consist of one brick-on-edge, over two courses of flat bricks. N

All the masonry to be of the best kiln burnt brick 12° % 6° % 3%, in England bond,
set 1n mortar, consisting ot cqual parts of choor, lime and socorkhce.

All cxposed surfaces to be rubbed and pointed with fine mortar between the pointa.

The filling in of the earthwork behind the wing walls 1o be done in layers not ex-
cecding G inches at a time, and to be well rammed.

The otuer details as in the drawings.
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BSTIMATE of EarTu-womk in a portion of the 1st Secriox of the
Luckxow and Fyzasap Roap, vide Plan and Specification.

Specification.—The road to be 80 feet wide at the formation surface, with side slepes
of 2 to 1, in both cuttings and embankinents.
The heights of the several sections are taken to the nearest quarter of a foot,
according to the Table below, which is first calculated. '

tli'fe'm sec- Cubic contents.
onal aren
No. of Height calcuiated Length | -- ——
chain o Arcas of soctions. from for- of
stump. | section. mulie, 20 or | prismoid. Embank-
21inVol. 1., Cutting. | “pent.
para. 340.
30 170 5860 .e .
31 4:00 .. 15200 .
32 442 . 175°50 .
33 048 1550 . v
2)74'10 . ..
3705 | 32750 . 364'55 100 86,455
33 566 | 23862 . .
34 4-£8 .e 175650 .
35 363 . . 14062
36 500 .o 20000 .
37 537 . . 212-62
38 4-23 .. 163'62 .
39 332 . . 11856
40 8-49 . 129-50 .
41 000 000 o .
66862 | 47180
4 2
238'62 | 267448 , 943:60 | 3856'70 100 ve 1,28,657
8
41 1-G8 5860 . .
42 221 .. 7768 .
43 874 v 140'62 .
Coztind for- }| oseo| 2820 | .. . .. | 86455 |1,28,657
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. Mean sec- Cubic contents.
tional arca
No of | Helght calculated Len,
chain of Axreas of sections. from for- [
wump. |eection. mulse, 20 or | prismoid, Embank-
21in Vol. I., (Cutting. | “pant,
para. 340.
3rought f , .
rouERL o } 580 | 21820 | .. .. | 86455 1,286,667
44 1-08 . 6800 .
45 166 . 5860 e
46 000 000
2)6860 | ..
2930 | 344-80 . 87410 100 | 37410
44 000 000 . .
47 393 . 1562-:00 .
44 444 . .e 175-50
49 174 . 58'G0 .
50 1-10 3200 .e
21060 | 17550
1 2
3200 | 84240 , 351°00 1225-40 100 .e 40,847
— 3
50 0-00 000 .. .
b1 211 6800 .o
52 2:70 . 9757
53 | 034 .. 762 .
b4 2:57 . 8750
b5 1-03 . 32:00
56 000 000 .
10762 | 18507
4 2
000 | 43048 | 37014 80062 100 26,687
3
56 147 4950 e .
87 145 . 4950 .
b8 164 . e 49:50
59 222 . 7758 .o
60 2:20 e’ .e 7758
61 1'88 . 68-00 .
Carried for- ! :
s | 4960 | 10508 | 12108 | .. e (100552 [1,69.408
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Mean aoo- ¢ Cubic contenta.
tional area
No. of He'loghh cnlcumt.e:i La‘ggth
.‘éﬁ: section. Areasat sections. mf;on:’, f% or| prismoid. Embank-
‘{211n Vol 1. Cutting. ‘ment.
para. 340. °
3:’“"!{1"‘“".": } 4950 | 19508 | 12708 .. |1,00,852 |1,69,404
62 327 .o .o 118566
63 217 . 77-68 .e
64 660 .. .o 27950
65 237 .e 7768 .
66 |. 357 .o .- 12950
67 402 .. 152:00 ve
68 | 611 . .. 25200
69 405 .o 15200 .o
70 362 .s .. 129-50
71 4-34 .o 16362 .
72 267 . .o 9767
78 217 .. 77'58 .
74 210 . .e 68-00
76 2-47 ve 8750 .e
76 1-28 .o e 40 60
77 007 “ .e ..
78 000 0-00 .. .e
982:04 | 124231
4 2
49°50 (8,931-76 | 248162 06465°88 100 . 2,15,529
3
Total, .. 1,00,562 |3,8- 038




SURVEY, DESIGN AND ESTIMATE.

195

"029.L

Sypywonh 3} pus “UBRY uMo §3] UO13009 438] OY1 JO BaT® oy} 0} Surppe Lq punoy aq fvm ‘Surno[0] UOIINAT 1XIU 31 JO BAXY 3] ‘3[BT, 9A0q¥ o) U WO}
~008 AUE JO YOIV ON} POUTWIRIAP 2ATY 34 7] 383} ‘UAY] sxeadde 9 °¢z9.L + ¥ = (9g.c[ + ¥ ) § somo0aq ‘a3rd Jenonaed iy Jog uossaadxa ayy ‘f = p assoddng
*S$3NIURUD WNOW 318 ‘y puv 'q *p o1ous ‘(P + ¢ -+ 43) 7 = § = Iy wary,
L *3q31ay g3 Jo esvazowy a3 Supq ¢ ‘» + ¥ = Ry soys wops o B = P+ Y+ (Pt z = Ig

DUB 'y = 10310y 03074 UOII038 JO vaI = (¥ Q) ¥z = § W
*2A0q8 WAALS worenbd oy WO PAUTUILINAP WA VY NATE JSIP S} I03J8 *SIOUWIIDINP 23 WLy WP Wy L[1puar aq Sema seare ag} 3o s[ogAa 9aq3
Pue ‘usouy st 93981y oY) UIDMIBQ ADUAISPTP Y} UIY A “PUNOF a0 LU $6ITY [DUOIPO0S 0.3 £UB UIDMNIN| OUILPID A3 MOY AOYS [[14 uoryeAnsaauy Surno[oy aq.y,
X *ayday
JO 2E82I0UY 100 § YOTA 10 339] 0g S14vou 03 dn SUIOD SIWIWAIOTT VAIE oY) ‘SIGLL 3YI JO PUA 133 Y3 Ul 3nq “iqAY oMy 30 9007 § 70 asvordmT Yovs Ioy 1991 g 10
8 JUOQE ISIP I8 I3VAIOUL BAIY Y3 ‘D0UVISUT IO “SUSIIUY £3G3[9Y A4 FV JIJBaLH JWVIN] SUIIB 33 JO SIUIMLIWL oW Aq ¢ qonb fipiban aun spay ay) asayn “yqBag
UY 2RBAIDUI JUBISWOD OUD JOF JUTIU0D L[IWaU Bujaq vaIw [oua O} JudmaIdu] Iy : L[Ipeals 330ad 2SBILIUL UMY TUUOLIIS IACQY O V) PAOIIOU aq SBW 3]

00879 0021 0058F 006 0023 009 00801 | oog
¢9-8¢9 qllit ¢0-C1¥ i L8 69866 cLe 1516 1.3
0¢-609 0¢.T1 0S-668 ' 0¢-8 (G 0¢c.¢ 08-23 09-3
@9-069 So-11 29-68¢ €é-8 69616 [t 8¢.11 €G3
00-619 00.11 00-89¢ 00-8 00-003 00-¢ 00-89 00-3
G9-6¢¢ €101 . 69-c¢8 ¢l G9-18[ [ 4 09-82 erT
0¢.cag 0¢.01T 0¢-L88 0%-2 0e-Clt (1185 2 0¢-6¥ 0S-1
é9-11¢ €301 60-¢68 Ce-t ¢9-691 Ll 09-0¥% <61
00-00¢ 00.01 00-R08 002 00-691 V0¥ 00-68 00-1
89-63F L6 . 89-608 ey 29031 elLg 19-€6 cL.0
0¢-29¥% 026 0¢.4Ll6 0<-9 0¢-6eT 0¢.¢ 0¢.¢I[ 0¢-0
GO-BFY €66 ¢9-29% €60 9¢.811 98 9L i <20
*)f JO sanfes 10 *199] Uy ‘y Jo *yf JO saN[rA 20 | “3201 WL i JO i J0 5anjuA 10 “ 1393 0L ‘Y Jo ‘¥ JO sauges I0 1331 Ut ‘y Jo
‘NqSay Teeaas a1 | son(es Jo ‘suoyd J‘sayBioy (812495 02 | SAM{UA 20 0w} [ SIYBRY (U0 AYG | Saupea do ‘nony §q31a o o3| - upwa Jo ‘suon
d03 £UOJ}0eE J0 BTV ~09% 10 mun—wmwm 0T =UULI093 JO Seady = 3O m«u-.ﬂ._.u:” (U] STWUII9S Jo fuaay =293 JU uua—.ﬂmwhh I0J Suot3es Jo swary w39 JO wuﬂ.mqﬁ.m

‘(y + ©1) ¥ g = °S ‘oswd avmapued s1y) Ul 210j219Y T “30BLINS WOTJvULIOY Ju
MPUaIq = ¢ § Pus WY = ¥ ‘uopang Jo BaL = § a0 ‘(y + ¢) g = § ‘B[uuLioy Jurmofe] g1 Aq POIV[UI[E) LSEIIR [eao11098 a3 pus
“[9A9] £[quI2[01 3q 0} Paseddus SOOHVIS [VIIAIS IYI FO MMM WIRFANS MY,  SJUICYULGWD PUl SHUNIUI (Rog UL “T 03 g Jo sadofs apts It
.ooﬁtﬁw UOIJBULIOF T} 3B IPLM 193] (g 3 0 PVOL N ] —"PUI] 1 vOL JuIMYUPGUTT Lo &.t.:mz. I IR TR s8047) o L1l kv E7L A

TLLVILIST dA GV AL NI 380 T19VL



CHAPTER XXXVIL

LINING OUT AND CONSTRUCTION.

181. . The work on a Road may be executed by contract or by daily labor.
The former method is the most economical, but the contractors should be
well watched to sce that inferior work is not substituted.  Otherwise, bad
lime and bricks and badly built masonry will be given in the bridges and
culverts, and the defects, concealed by plaster ; the foundations will not be
dug to the proper depth, and the embankments will not be put togetter
properly, so that uncqual settling and bulging and extensive ships will be
conlinually occurring.

If daily labor be cmployed, task-woil should be exacted from the
various gangs, which should have leave to go and be paid up as soon as
1heir task is completed.

‘Whatever arrangement are made for the execution of the work, the
Engincer has, however, first to mark it out.

The straight portions should be laid out by the theodohte—a serics of
flags being ranged in tho proper line by the observer. These arc to mark
the centro line of the roadway, and thercfore the centie line of all the
Bridges, Culverts, Embankments and Cuttings. This line should be
chained and the sites of the levelling stations in  the working plan maiked
at every 100 feet by wooden pegs  The tops of these pegs should be level
with the ground, and the levelling staves for the working levels should be
put upon them. Thus they beconie bench-arks, but in case of their wilful
or accidental removal, permanent bench-marks should be established when-
ever a pucka building or well is passed, or if there are none, solid cubes
of masonry, 1 foot each way, can be let into the ground at every 1,000
feet.

182, When there is a change of direction and therefore an angle, the
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angular point must be rounded off. The curve used is generally a segment
of a circle, and as to sweep the curve with a sufficiently longer radius would
be Envenikent in practice, various methods are used by which an approxi-
mation to the curve is laid down sufficiently accurate for all practical
purposes.

Curves may be laid out in several ways, a few only of the most useful
methods for ordinary practice are given here, including those applicable to
Railways and Canals where greater accuracy is required than in the casc of
Roads.

The length of radius to be given to a curve is manifestly inde-
terminate; for if ADB, BC be two portions

B of a line of a road meeting in B, and it

, — be required to unite them by a circular
DAIE/P f" \E . D]‘ﬂ ]'] 2 l ] .

s ’ . arc DIy, we have by plane trigenometry,

A R ¢ DB = DO tan DOB, and since DOB

N

is constant, DB varics as DO; we may
thercefore either fix the point I and its
corresponding point E in the other lines, and find the radius DO by the
above equation; or we may assume the length of the radius DO, and thus
determine the length of the tangent DB, that is, the distance of D from
the intersection I of the two lines.

In praclice, the first method will gencrally be necessary; for if any
obstruction I?, as a well or louse, be situated near the line, the com-
mencement of the arc must he tuken so that P may be entircly within or
without the curve. Again, if there be no features of the ground to deter-
mine the question, as often happens in India, fromn the open nature of the

(-]

.

couniry, a good mecthod will be to fix the point D at some convenient dis-
tance from A the commencement of the road, with reference to the division
of the road into miles, furlongs, &c., remembering however that the radius
thus determined should never be less than 1 mile, and that ceteris paribus,
the greater the radins the better the road.

The number of chords must depend on the amount of curvature; the
fewer chords there are, the less trouble there will be in laying out the
curve, while on the other hand they must not be so long as to have any
sensible inclination to one another. The versed sine of half the angle sub-
tended by the chord at the centre, gives the greatest deviation of the chord
from the arc; and by finding this versed sine for different numbers of chords,
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the Engineer will, generally, after two or three trials, be enabled to fix
their number.

183, Methods of laying out the curve—1st method.—Centre invisible,

no angular instrumént required.—X¥ind the

" length of the the sinc of 1° to the given ra-

L_?'*;i\e dius, and lay off this distance in continua-
; ’,’ /" R tion on the strait line as from B to C, and
A from the point thus obtained, lay off at right
e angles the versed sine to the same angle and

- | radius. The first point 1) in the curve is
thus fixed and by producing the chord BD
(= 2 sin 30’ x radius) to o distance DE (= BD cos 1°) and from
the point E setting off at right angles EF = BD sin 1°, a second point
is thus obtained. By continuing to produce the last chord in a similar
manger and setting off the off-set, the remaining points are established.
9nd Method—Same conditions as 1st.—Sometimes the ground wit}tout
the curve, only, is adapted for chain '
measurements. In which case, when
the curveis not a long one, 7. e., does
not cxceed say one-quarter of its ra-
dius, the following method may be
found useful. Lay off equal distances
Apyy Py po D2 Py . &c., from A along N
AQC, and perpendicular off-sets p, m,, p, N
m,, &c., the points m, m,, &e., fixing N
the curve.

To find these off-sets.

p,m, = Ap, tan CAm,

pymy =2 X p,m,

Potta = n* X p, m,

g For draw m; n,, m, n,, &c., perpendicular to AQ
Then m, n? = Ap? = An, (2r — An)
= An, X 2r nearly, since Ay, is very small
compared with »
=p m X 2r
mn!= Ap? = 2' Ap? = An, X 2r nearly
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=p.m, X 2r
Sopymy opym 112 APT D Ap]
orp,m,=2'p m
similarly, p“ m, = 3 p, m,
. = &e.

Case IT.—By the same method to lay out the curve when it i3 a long one.
—In a long curve, the tu.ngeuts, if prolonged to their point of meeting,
would neccssarily fall at a great distance from the curve, thus giving an
inconvenient length to
theoff-sets which in prac-
tice should never exceed
two chains.  To remedy
ihi: inconveuience, the
curve must be divided in~

w Lwo or more parts, by
mtroducing one or more

additional tangents, and
thus the off-sets may be Sge
confined within  their
proper limits. 1In the annexed figure the curve AC is divided into two
unequal parts at B ; at which point the tangent DBE is introduced to meet
the tangents AD, CE & D and K. The tangent AD must first be measured
10 an extent not exceeding one-cighth of the radius AO. Then, in the
right-angled triangle ADO; AO, DO are given, from which the*angle ADO
can be fonnd; this angle, being doubled, gives the angle ADB which de-
termines the direction of the tangent DBE. If no angular instrument be
ot hand to lay off this angle, the length of CE can be calculated, and by
measuring ofl the distance CL, the point E will be obtained, and by joining
D and E, the tangent DBE. 'This done, the off-sets to the curve may be
laid off’ as in the last case, the order of off-sets being inverted in DB and
again in BE.

Srd Method—Same conditions as first—Sometimes it may be most
convenient to lay out the curve by off-sets from its chord or chords, where
obstructions, on its convex side, prevent the use of the preceding method."
Let ACB, be a portion, or the whole, of a railway curve; HA, a tangent
at its commencement ; TC, a tangent to its middle point C. Take if possi-
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ble the chord AB, an even number of chains; find the successive off-sets to
the radius AO and the tangent TC (= AD = one-half AB) the last off-set
TA will be = CD; from CD s
subtract the successive off-sots,
and the remainders will be the
off-sets p, ¢, &c., which mustbe |
set off in an inverted order from
A’to D, and their order must
be again inverted in setting
them of from D to B. If the
curve be not yet completed, the
operation may be continued by taking other chords, as BE.*

4th Method.—Centre visible and accessible, no angular instrument re-
quired.—This method may sometimes be used with advantage especially for
curves of large radii.  Find the centre of the curve by the intersections of the
perpendiculars {o the tangents at the points of contact; place a signal-stafl
at that intersection, and also at the interscction of the straight lines pro-
duced. Divide these lines into any c8nvenient number of equal parts, and

sct off at each, in the dircction of the centre, a distance == A -i:d’-—r,
r being the radius of the curve, and d the distance from the point of contact
to the point on the straight line.

_ 184, Oth Method.—Centre visible and accessible, angular instrument ne-
éessary.-—\thcre the curve is quick and the ground over which it passes is
hilly, but at the same time is commanded from the points of contact and
centre, this*method is attended with great advantages, inasmuch as ihe
points are established independently of cach other, and arc free from all
error which may arise (and which in the previous method must be allowed
for) from the sloping of the ground. This and the succeeding two are the
simplest methods of all, as they require no calenlation or measurement of
off-sets. They depend on the well known properties of the circle, that the
angle contained by a tangent and a chord is equal to the angle in the alter-
nate segment, and the angle at the centre is double of that at the circum-
ference. The appropriate radius having been selccted, the angle which a
chord, of about the length which it is required to have the points apart,
would subtend at the circumference (i ¢., the angle in the alternate reg-

& It will be seen that the tangent TC, 18 not nged in the operation further than to explain the ne--
ture of the motholl of obtalning the off-sets.
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Tl s e oy
O d ad of tables
ment) is computed from the formuls, sine of the angie = ——’-‘-—%—,—.,D—T.'

where d = length of chord, and » = radius of curve: thus supposing r =

20 chains, the angle which a chord of 100 feet would subtend would be

2° 10’ 15”; with an ordinary theodolite this angle could only be laid off

approximately ; an angle of 2° would therefore be adopted, the points due to

it being 9213 feet apart. This being chosen then as the angle, two theo-

dolites would be set up, one at B the other at O, that at B having its teles-

D " cope directed on D, and that at

< " O on B, and having clamped

TP - their lower plates, the points in

AT ~.. the curve will be obtained by

\ the intersoction of the arcs

formed by moving them through

2° and 4° respectively; for the

sngle DB p = angle in alter-

nate segment of the circle = one

R half the angle at the centre

BOp. An assistant must of course move by signal a flag-staff until it is

intersected by both theodolites, when he will put down a picket to finally
mark the spot.

6th Methed.—Centre invisible, angular instrument required.—The points

in the curve in this method are fixed by intersections from the points of
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contact of the tangents; first find the angle ACB, suppose it to be 2q,
voL. 1L 2o
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then AOC = 90°—q, and if the required curve is to be composed of n
chords, and Ap, is the first of these, p, p, the second, &c.

90°~a
Then £ CAP; ==
n—1
and £ CBp, = (90°—a) —-
if therefore a flag-staff be moved wuntil it comes into the intersection p, of
Az, and By,, p, will be a point in the curve.
90—a

N

Similarly 2 CA p. = 2

n—2
n

£ CBp,= (90— a)

and so on.

185. Tth Method.—Same conditions as Gth.—1It will often happen that
the services of a second person capable of using the theodolite are not avail-
able, in which case the above method cannot be applied ; the curve must
then be laid out by theodolite and chain. Calculate the lengths of the chord
Ap, Ap,, Ap, AF, (see last fig.,) lay off banderoles along the lines Ax,,
Az, &c., (the angles CAz, UAz, &c., being successively g, 2 f3, 3 3, &c.,
and 3 being found as already explained,) and measnre the chords along
them. Proceed similarly from the point B. The point F the centre of the
curve should of course coincide with the same point as measured from A ;
if any small difference exist, the mean of the two puints should Le taken.
To find the lengths of chords
A0,

2

Ap, = 2 sin AO p,
&e. = &e.

This method has the disadvantage of requiring a separate calculation
for each chord, but this will not be of consequence when the number is
small. It possesses also the further disadvantage that an error made
in measuring the length of any chord will not be detected; on the other
hand, any error in one chord will not affect the accuracy of the rest, as
would be the case in many of the methods ordinarily employed.

186, The Compound Curve, consists of two, three or more portions of
arcs of different radii, and is adopted where the line is required to pass
through given points to aveid obstructions, or where & principal station or
torminus is required.

3

Ap, = 2 sin
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182, Case I.—To find the radius of the compound curve, the starting
. point and one radius being given.—
From the given point B in the tan-
gent AB, draw the given radius BO
perpendicular to AB ; and draw the
curve to some point C, where it
is found convenient to change the
radins ; draw the radius OC, and
perpendicular thereto draw CT,
meeting the tangent DT in T’
malke 1'C’ = T'C, and from C'
draw C'O’ at right angles to TC’,
meeting CO, prolonged, if neces-
sary, in O’; then O’ is the centre
of the arc CC' of the curve, con-

formable to the nature of tangents.

Cuse [I.—One of the two radii of the compound curve, and its starting
and closing points being given, to find the other rudius.

Let AB, (D be the tangents, B and C’ the starting and closing poifits
of the curve. Draw the perpendiculars BO = C’H = given radius,
to the tangents ; join OII, and bisect it in I'; draw KO’ perpendicular to
OH, meeting C'H prolonged in O’; join OO0’ and proleng it till OC =
C’H: then the points O, U, are the centres of the ares BC, CC’, which
constitute the curve, O'C = 0’C’ being the radius required.

188, The Serpentine Curve is used in railways when obstructions or
gome other cause render its adoption preferable; it consists of twe circular
ares of different or the same radii, having their convex sides turned in op-
posite directions, like the letter 8, whenee it is sometimes called the §
curve; the two portions of the curve have a common normal at their point
of junction, and therefore a common tangent at the same point. This
curve affords the most ensy means of joining two parallel, or nearly parallel,
portious of a line of railway.

Case 1.—One radius and its tangential point being given, to find the otlm-
radius and tangential powst of the Serpentine Curve.

From the given tangential point C, draw the radius CO perpendicular to
the tangent CD, and draw the curve CG to some point G where it is found
convenient that it should have its point of contrary.flexure; through OG
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draw the normal OGO’; from G draw GT at right angles to OGO’ to
meet the tangent AT; make TB =,TG; and draw BO’ perpendicular to

H F ]
KN [

|

f
T
N

\,
N /,\

AT, meeting OGO’ in 0’; then O’ is the centre, and O'B = OG is the
radius of the curve BG, as is evident from the nature of tangents.

Case II.—When the tangential points and one of the radii are given, to
Jind the other radius.

From the given tangential points C and B draw CO, BH respectively,
perpendicular to the tangents CD and BA, and equal to the given radius;
join OH and biscct it in F; draw FO' at right angles to OH, mecting HB
pfolonged in O'; and join O0’, meeting O'G = O'B; then O is the centre,
and O'B == O'G is the radius of the portion BG of the curve, as required.

Case III.—When the two portions have the same radius, to determine that
radius, the tangential points and their distance being given.

Let AB, CD be the tangents, B and C the given tangential points, and
BC the given distance, draw Bo = Co’ respectively, perpendicular to AB

o7

.."“""l:;,t:;~: .- e -
\\ ‘7 .
\\\ »
Q

CD and of any convenient length ; through o, parallel to BC draw o ¢ in-
definitely ; with the compasses apply 0'o” = 2Co’ = 2Bo; through C, o”
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draw Co”0, meeting BO prolonged in O; and through O, parallel to o%0",
draw O, O', meeting Co’ prolonged in O’; then O, O’ are the centres, and OB
and O’C are the equal radii of the serpentine curve BGC, the common nor-
mal of the portions BG, GC of the curve, being OGO’ = 2BO = 2CO'.
189, Curve of Deviation.—In some cases it may be necessary to make a
given deviation from a straight line of railway, so that the works may avoid
2 building or other obstruction situated on or near it; this is donqby means
of three curves as follows :—Let ABCD be a straight portion of the railway,
k a building or other obstruction on the line. Take HQ of a sufficient
length for a deviation, that the linc may avoid the object at % ; and through
Q draw a curve GQG’ of radius QO equal to, or greater than one mile.
Draw also two curves BG, G'C, of like radius, to the first curve at (¢ and
G, and the line at B and C; then the lines OO’ and Q'O joining the

o o centres of the curves, will pass
. o o through their contrary points
PN Y ‘\ . of flexure at G and G'. Put

AN 5 = common radius OB = (' Q

A B N wWTTTTTTe D 1 .

Y = O0C, and d = required

deviation = HQ; then BH =
H C = A/d(4r—d); and the four equal chords BG, CG, &c., are each
equal to A/d 7.

Having given these various methods of determining the radii and common
normals, indicating the positions of the tangent points of the parts of Com-
pound, Serpentine and Deviation curves; the manner of laying out the curves
themselves by the previous methods, gccording to circumstances, will be
readily seen, recollecling that when junction point of curves of different
radii occur to commence the operation afresh, by using the radii and tan-
gent of the respective portions of the curve.

190, Coxstruction.—The construction of the Earthwork has already
becn treated of in the section of that name.

In crossing a swamp or bog, the great object is to drain it thoroughly.
An open drain should be cut on each side of the proposed Roadway and
parallel to it, the two being connected by cross drains, and from these other
drains must be taken to the natural water-courses. If attempts at drain-
ing fail, the road may be boldly carried across the bog, but peculiar mater-
ials must be used. It is of no use throwing down bricks, stones, clay,
and other heavy material, under the idea that an embankment will be raised
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up somehow, for they will sink in and disappear. Drainage must be car-
ried as far as possible, the bearing surface distribnted as widely and evenly
as possible, by means of fascines and hurdles, and the lightest materials
used for the embankment itself, so that in fact it may float on the surface
of the bog instead of sinking into it. It was in this way that George
Stephenson carried the Liverpool and Manchester Railway over Chat Moss,
after thagontractor had given it up in despair.

191. Metalling.—Wooden block paving, plank roads, asphalte paving,
stone block paving, are rarcly if ever used in this conntry. In general we
have to deel with the following sorts—Droken stone or Macadamized
Roads, Kunkur, Brick, or Moorum metalling.

Whatever be the metalling used, the great requisite is that it should rest
on an unyielding foundation; the cmbankment must therefore be well con-
solidated before the metal be laid on, and a thickness of not less than 6
inches of consolidated metalling allowed to distribute th~ pressure cvenly,
as well ag to stand wear and tear.

TFor the first, the proper kinds of stone have already been pointed out.
The stones should be broken by a hammer into rough cubes that wi'' pass
through a 2} inch ring; the surface of the led should be prepued to its
proper form and the stone laid down in layers of 4 inches thick, which
should be successively thrown open to traffic until cach layer is consolidated
before another is laid down. Not less than two layers will be required, and
three should be used where the traffic is heavy. A little gravel or such like
material may be used to bind the upper surface more effectually, but it is
not essential,  Heavy rollers may also be used for the same purpose simi-
lar to those described further on. very good one may be made of sheet
iron packed with brick, and drawn by several pairs of bullocks.

For kunkur roads the material should also be laid down in layers 44
inches thick. Two layers will generally be sufficient for an Indian Road,
(except on first class roads, where three will be necessary), forming a total
thickness of 9 inches of consolidated metalling, and they may be consolida-
ted in two successive seasons. The lower layer should consist of the block
kunkur, (where procurable,) and may be made of pieces 4% inches in dia-
meter; this will form a rough surface, and will act as a foundation to the
upper layer, which should consist of small kunkur washcd and screened.
Each layer must be consolidated with heavy wooden rammers while drenched
with water. On this work being properly done depends the goodness of the
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road. It is generally done thus: three rows of men with rammers standing
close together follow each other at an interval of some 6 feet apart from row
to row. The kunkur should have three rammings. 1st, when dry; 2nd,.
when wet; 3rd, when drenched with water. The men should be splashed
from head to foot, or the supply of water bas been delicient and the work
will be spoilt.  If there are 44 inches of kunkur at the centre, they shonld
be beaten to 8 inches; 3 inclies at sides should be beaten to 2 inches.
This is when the road bed is made horizontal. Sowmctimes, however, the
road bed receives its proper shape, and the kunkur is spread of en uniform
thickness as in the case of stone metalling. The kunkur should, when
finished, be as smooth and uniform as o xtone pavement, and must then be
left to dry hefore any traflic is allowed on it.

Where kunkur is scarce and dear, the lower luyer of metalling may be
formed of picces of hard brick.

Brick Roan's —When the Lricks are made from nearly pure clay they
form a good metal; but if sand predominates, the bricks are friable and
quirkly pulverize.  The eontents of the whole kiln should be brought into
use; the jhama, or vitritied portions, being used for the foundation, and
the peela, or underburntymixed with the other brick will cause it to bind.

192, The fullewing notes on Road Metalling in the Bombay I’residency
refer to Moorwm Rowds.

Whenever our funds will »low, the moorum is spread in a layer of 12 inches, with
arubble Lone bottoming over the sab-soil, and forms a roadway perfectly eapable
of aecomnuxdating the tratlic for the first few years, As the traffic increascs, the rond
erust or surface loges its spongy and porous nature and becomes move tough and con~
solidated with cach saeceeding yoar ; but we #so hecome aware, as our road gets into
use, of a great difference in strength in the several portions of the line, owing to
the varying character of the moorum.  Our attention must now be turned to the eli-
mination of all such weak and bad portions of the line. New moornm pits must be
searched for, and failing their discovery, the lead from the good pits must be extend-
ed from cither ~ide of these places, so as to shut them out, and bring the strength of
the lme up to nearly an uniform level throughout.

In many places where the moorum spread has been of a superior quality, and the
crust of the road is sufficiently strong to carry with safety a thin coating of metal, it
would be advisable to substitute hroken stone for moornm, in the annual repmirs, as at
the samc cxpenditure, stone is more durable than moornm. A strip of metal, 12 feet
broud by about 2 inches decp, lnid in the centre of the roadway during the monsoon,
would find a bed for itself on the moorum surface, This would give about 2 cubic
{feet of metal to the running foot of roud, instead of 4} cubic feet of moornm, that
wonld be required for repairing the roadway, 18 feet wide and 8 inches deep with
this latier. But as 2 cubic feet of metal are fully equal in wear to 5 cobic feet of
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moorum, there is a saving in using stone, besides providing a road properly passable
during the rains. The cubic foot of second-class metal would cost Rs, 6, and an outlay
of Rs. 12 on metal would give results equal to Rs. 15 on moorum of the average
-quality.

193, The following notes upon the Rollers used for consolidating road

metalling will also be found very useful :—

The rollers msually employed on moorum roads are made of stone, such as hard
trap; they are in length about 4 feet, and 2 feet diameter, weighing say 1 ton each,
or 47 Ibs. to the inch of bearing surface. To ascertain whether the cffect of these
rollers is sufficient to giye vs a surface hard cnough to carry the traffic without injury,
we must compare the compression exercised by them with that of the wheels of a laden
cart, which catry in all probability the greatest weight per inch of bearing surface of
any traffic using a road. Our rolling operations will evidently be of little efficacy
unless they provide a stratum sufficiently tough to resist the action of the cart-wheels,
or in other words the weight of the rollers should be, inch for inch of bearing surface,
at least equal to that on the cart-wheels. We may assume that each laden cart has o
total weight of at least half a ton, including the cart itself ; this gives 5 cwts. on cach
wheel, and taking the tire at 2 inches broad, & pressure is produced of 280 Iba. per
bearing inch. This is six times the pressure of our stone rollers, and leuds to the
belief that there is little efficacy in rolling with such light weights. It is evident that
if it he possible to procure rollers with a bearing weight of 280 Ihs. per inch or up-
wards, our labors would he much lightened. These views are confirmed by experi-
ence, as we find that with light stone rollers, the upper crust or surface is only made
smooth, and below this is material in an @nconsolidateg state ; the roudway being
conscquently soon cut through and broken up by the traftic. With metal, these rollers
are cntircly uscless ; wherever they are now in use, they should be got rid of as soon
as possible and others substituted, which permit of being weighted np with stone
boxes and in other ways.

Before however procecding to describe the superior kinds of rollers, it will he as
well to show what can be done with the present stone rollers, so as to make them in
some degree efficacious, at least for the consolidation of moorum and similar mnaterials,
it heing always borne in mind that s near an approach as possible should he made
with these machines to the weight on a cart-wheel.  Instead of being made cylin-
drical, they should be either barrcl-shaped or bevelled. The effect of this shape is
ihat the bearing surface is reduced to ubout one-third of its former extent and the
weight per inch is trebled, being now 141 Ibs,, or half that on a cart-wheel. These
rollers can be made at the sume price as the usual cylindrical ones, and are casier to
turn and lighter in draught than these latter. They should more especially be made
of the hardest stone procurable. There is one point about the barrcl-shaped roller
which appears to give it an advantage over all other shapes, It is evident that with
each successive rolling as the road becomes harder, the bearing surface of the roller
decreases and the compressive effect is increased at the time it is most wanted. Iron
rollers should be cast in this form as being probably a more scientific shape than any
other. Any slight inverts or cusps caused by this roller would disappear under re-
peated rollings, and by the wear of the traffic.

‘We now come to the consideration of those Rollers which permit of being weighted
up, and for this purpose a stout iron axle running through the body of the roller ia
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nccessary. We are limited, consequently, by this consideration fo the common
English jron roller, and a country roller made up picce-meal with stone wheels simi-
lar to those used in grinding chunam. Drawings of these two are given, and a frame
work with counterpoise stone boxes shown with the iron roller ; the same frame-work
does for the stone rollcr and is not therefore shown with it. These stone wheel rollers
cost about Re. 60 per cent. more than those cylindrically shaped, say Rs. 40 and 25,
respectively.  Their weight is 3,780 Ihs. or 105 s, to the inch bearing. One ton can
be added to this by meuns of the framework and stone boxes, which gives 167 Ths.
per inch hearing. We are still however fur off the weight necessary for rolling metal,
for which the iron rollers arc most effective. The compressive effect of these stone
wheel rollers might be greatly increased by making them barrel-shaped or bevelled,
but their construction would not permit of this.

"The width of the English rallers is 3 feet, and dinmeter 4 fect, and the weight abont
2 tons,  The stone boxes and framework would give another ton ; and if the interior
be boxed up and filled with serap-iron, such as unserviceable picknxe heads, &c., of
whi-h every Exceutive Engineer must possess a guantity, we should have a total
weizht of say 5 tons, or 311 Ihs. per inch bearing. These rollers may therefore be
deper: Ll on for consolidating hoth moorum and metal, They might be nade much
heavier by filling the interior with lead, but it seems doubtful whether any corres-
I ading advantage would be gained to counterbulance the increased difficulty of
wtinghe.

The stone hoxes are useful as counterpoises, which is effceted by removing a few
stones fiom one box to the other ; as for instance, on an nscent a certain weight
removed from the rear to the front box would much facilitate the draught of the
bullacks, according to a well known law.

In all the foregoing calenlutions, it hns been assamed that all the rollers insist or
stand on an aren proportional to their length only ; thir is not strictly true, and is
only the case where the surfuce of the roadway is perfectly hard, and in practice the
aren is proportional to the direacter of the roller.  This is an important. fact, s there-
by the effect of the larger rollers is considerably reduced.  To recapitulate then, and
to exnibit the effective power of each kind of roller after taking all the above into
consideration, we have the following results :—

No. l Ttem, Welght perincl,| Proportion.
1} Cartwheel, say 4 feet diameter on the average, 280 1002
2 | Tron rollers, weighted up, 4 feet diameter, — .. 311 1117
3 | Stone wheel rollers, weighted up, 3 feet diamr., 223 0796
4 | Bevelled or barrel-shuped rollers, 2 feet diamr., 282 1007
| 5 | Cylindrical stone rollers, £ fect diameter, . 94 0-336 |

194. Maintenance and Repairs—~—Unless arrangements are made for the
proper maintenance of a road when finished, it will be better not to waste
money in making it. A pucka road in bad repair is almost as bad as no
road at all, but with proper supervision and a small but regular expendi-
ture, no extensive repairs ought ever to be required, and the road at all
seasons of the year will afford the means of safe and rapid transit.

VOL. 1L 2z
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To keep up a road, an establishment will be required, consisting of gangs
of laborers under proper overseers, who should have so many miles of road
to look after; and supplies of material for petty repairs to the metalling
should be collected and stacked by the road side; not on the space allotted
for travellers but on the berm beyond. A consolidated stratum of 3 inches

‘of metal laid as above described on a prefectly hard foundation'will bear
'any work, and last three.years under such traffic as that of the Grand
"Trunk Road. The upper stratum of metal will therefore require renewal
every four years; but meanwhile holes and ruts will occur in places which
should be carefully repaired as they occur, by filling them in with fresh
small kunkur, and ramming them prefectly flush with the rest of the work.

The best time for the annual repairs of a road is at the close of the rainy
season, but petty repairs should go on all the year round, and every endea-
vor made that whatcver repairs are required, should not seriously interfere
with the traffic, as is too often the case. The side-slopes, turfing, &ec.,
should be attended to as well as the metalling, but they will generally fall
under the head of annual repairs.

195, The following Specifications for this kind of work as used in the
Allahabad Circle of Public Works, will be found useful :—

Maintenance of road.—The surface of metal, whatever its width, to be always
kept free from holes, ruts, and worn-patches, and to be maintained as much as
possible with its due central rise of 1 inch per 3 feet transversely, and to its full
original width.

Immediately on the appearance of any failure of the surface such petty repair shall
be executed as shall restore the portion to its original condition,

The repair shall be commenced always within 36 hours of the first appearance of
failure.

In exceuting such petty repair of metal, the hole, or rut, or patch, shall be cut out
to the full depth of the coul of metal in a rectangular formn, enclosing the whole of
the patch and parallel with the centre of the roud ; the sides of the excavation shall
be sloped off.

Metal of the quality and description specified for annual repairs shall be laid into
the hole and properly consolidated ; the surface of the new patch when completed,
lying perfectly even with the remainder of the road.

The metal for these petty repairs shall be supplied by the Contractor, and he shall
be bound to keep up a constant supply of 1,000 cubic feet in each mile of road, to be
stored separately from the annual repair metal in such convenient depdts as he may
choose for each mile,

The carthen sides and slopes of the road shall be kept cven, free from ruts and

. holes, and generally ranging in height with the surface of the metal.

The side drains and water channels shall be kept open and free for the discharge of

water,
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The surface of the rond generally shall be kept free from accumulations of water,

The road side trees are to be tended and cared for, the lower branches of large trees
to be lopped carefully during the months of December and January to the requisite
height to admit a free head way for the traffic and no more, but without injuring the
trees. All limbs of trees are to be sawn off. Young trees to be protected from
injury by traffic or cattle in the usual manner with thorns or mud walls, where
necessary.

Collection of metal for repairs.—The kunkur to be hard, clean, and fit for road
metal in cvery respect, broken to 2-inch gauge, to be sicved and cleaned, so as to be
perfectly free from earth and other matters before it is brought to the road side.

The moorum to be hard and firm, so as not to be easily crushed under the foot, to
be of a sharp grnvclly nature, and free of soil ; to be sicved at the quarry ; meshes of
sieve not less than <% of an inch square.

The stone to he hm(l ol close texture (not friable sandstone,) to be broken to a
size to pass through a 3§-inch ring every way for the lower layer, and 14-inch ring
for the upper layer ; no round or pebble-shaped stones to be allowed amongst the
metal. The stones to be broken clear of the road and slopes, and must be perfectly
free of emih or other matters,

The metal to be stacked on the berm, free from the sides and slopes and side drains,,
No p o tal to be measured until it has been so stucked.

Iu maasuring the metal collection, the product of the length, breadth, and of 4 of
e lceht, will alway s be held to be the net enbic eontents of the stack.

The metal collection for annual repairs is all to be effected between the 1st Novem-
ber and the 30th April next ensuing,.

Consolidation of metal for repairs.—The surface of the old metal is to be scored
up with the pick in parallel dingonal lines at G inches intervals,

Two parallel mud walls 8 x 6 inches to be formed along the outer edges of the
metalling, leaving an interval between them of the full width of the metal, to confine
the metal and prevent its spreading under the action of the rammer.

The new metal to he spread upon the old surface closely packed with the hand, the
larger pieces below and the smaller above.

The surface of the new metal to be laid with the usnal central rise of 1 inch per 3
feet transversely. As a guide to the workmen 5}-inch cubes of wood will be laid at
intervals of 16 feet along the centre, and 3-inch cubes along the side of the metalling,
the upper surface of which after consolidution must coincide with the tops of the
cubes.  Care must be taken to hed all the cubes on one horizontal plane.

The metal to be saturated with water and rammed with rammers until thoroughly
consolidated, that is, until the wheels of ordinary light vehicles passing over it cease
to leave any impression. The surface to be watered for three days after this consoli-
dation has been effected,

Earthwork for repairs of sides and slopes—Tho earthen sides and slopes receive
periodicul repairs simnltancously with the renewal of the coat of metal. All other
repairs to them will fall under the head of maintenance.

The repairs consist of making up the sides to a width of 8 feet from the edges of
the metal coat and to the full height thereof, with a slight fall to the outside to
throw off water; and in filling in all holes and channcls in the slopes, and dreumg
thom off evenly.

The earthen sides and slopes are to be repaired immediately after the adjacent
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portion of metal has been opened for traffic. The clods will be broken down, the
surface rammed and smoothly dressed.

Excavations for supply of the neccssary carth will in no case be opened within 36
feet of the centre of the road. The Executive Engincer will give special directions
in this matter where necessary.

Earthwork—~To include all embankments raised and excavations cut—tanks,
hollows, or channels filled, or excavated in any gravel or clay soils, but to exclude
excavation for foundations aml wells.

. One foot vertical lift to be taken as equal to 10 feet horizontal lead. In the case of
| an embankment, this proportion for lift to be added to the horizontal lead.

In filling an excavation or hollow, the horizontal lead only to be allowed.

The lead to be measured in the case of a road, from the centre of the excavation to
the centre of the bank.

In filling a hollow or excavation, from the centre of the cutting to centre of hollow,

In case of tank cutting, &c., from its centre to centre of spoil bank,

If the soil has to be carted, the excavation will be paid for under that head without
lead, and the cartage separately at the Schedule rate for that work.

Earthwork shall be measured from scctions of the bank to be raised, or hollow or
excavation to be filled, or bunk or channel to be cut. In the first and third cases,
cross sections be shall taken at no greater intervals than 330 feet, and each portion
between two sections shall be calenlated scparately as a pyramidal frustum or from
published tables.

In the second case, the hollow or excavation shall be measured before the work is
commenced, and the Kxecutive Engineer and Contractor shull agrec in writing as to
the quantity of work to be done.

If the Contractor commence the work, it shall be cvidence that he is satisfied with
the measurement proposed by the Executive Engineer.

All embankments shall be raised in successive layers of 1 foot depth, slightly con-
cave at the centre and consolidated.

The side cuttivgs shall never be made ncarer than 10 fect clear from the toe of the
slope of the bank, and they shall nol be continuous, but shall be broken at intervals
of not more than 300 feet, by a block of earth not less than 10 feet wide.

The sides of all side cuttings shall be sloped at the natural slope of the soil.

No kunkur shall be guarried in the side cuttings.

In cuttings for hollow roads the cutting shall always be taken out square to the
width of the travelling surface down to the formation levcl, and the slopes be cut
afterwards.

Turfing, grassing, and sodding.—Turfing and grassing slopes and surface with
dhoobd or other grass, or cutting and placing sods,

In turfing and grassing the grass seed may be sown or the roots of dhoob, khus
khus, or other grass planted according to ordors, and watered until they vegetate,
On slopes the seed should be drilled in horizontal lines.

Sodding will only be executed in situations where good strong turf sods can be cut
within & mile. The sods are to be cut nearly of a size, and arranged so as entirely to
cover the sarface.

Sods may be used built as retaining walls to steep slopes ; in this case their length,
breadth, and thickness must be in the proportion of 6, 3,.and 1 inches; they will
never bo less than 3 inches in thickness, and must be laid in courses alternately header
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and stretcher; the beds at right angles to the batter; and the successive courses
breaking joint with the one below. Each course when laid must be beaten down with
large flat rammers so as to pack the sods closely ; but without breaking them. The
backing of soil must be built up cvenly with the retaining wall, conrse for course.

The rates for sodding will be based on the assumption, that sods can be cut within
300 yards of the work, a charge for extra lead will be allowed, if they be carried more
than that distance.

No grassing or sodding will be executed to embankments, or other made earthwork
until they have stood onc rainy season.



CHAPTER XXXVIII.
HILL ROADS.

196. Zracing IIill Roads.—Before commencing the trace of a moun-
tain pass or ghaut, the best attainable map of the country should be con-
sulted, and a preliminary and careful inspection of the slopes of the range
to be crossed will be necessary, with a view Lo ascertain the direction and
extent of the ravines and water-courses, and the¢ nature of the ground,
whether it admits of being cut, or if it is too rocky and precipitous.

If the hills are extrewmely wooded, the operation becomes more difficult,
but native footpaths may often be found, and an inspection of these will
show in some measure the nature of the ground, though not altogether, for
they generally follow some spur of ground, and so fall into the lower part
of the valley soon, and are very steep. They afford, however, useful hints,
and after having fixed upon the valley, through which the proposed road
should be led, it is advisable always to survey any old road or path which
may be found in it: this laid down on paper, will be & good beginning for
a rough map of the country, and prove a guide to the direction of the new
pass.

The slope at which the road is to be constructed must now be decided
upon; this will depend on the purpose for which the road is required, and
something on safe halting places. It is not expedient that these should be
far apart, but almost all hill ranges in India are feverish within certain
limits, and except at particular seasons, people can scldom sleep within four
miles of their base without danger. For quick traffic, the slope should in
no part be steeper than 1 in 20, and if possible, should be less steep than
that. Supposing the general minimum slope is 1 in 30, a great expense
might be saved by making portions here and there, at a slope of 1 in 20,
for a pair of bullocks could draw a full load for a few yards up a steep
slops, though they could not do so for a greater distance. Having ascer-
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taiued the height to be crossed, and assigned the maximuin general rate of
slope, multiply one by the other, and the minimum length is the result.
Next, try to get a maximum length of hill, in the general direction of the
proposed line, and the casiest possible ascent will be obtained.

A valley or ravine cxtending fur into the country to be ascended, or
range to beerossed, affords a better hope of a good line of road, than fol-
lowing a spur and attempting to work it out by zig-zags, and moreover
has the advantage of cvery mile being so much in the ultimate direction,
while a zig-zag is an expedient for gaining length with reference 1o the
slope only, and without reference to the ultimate progress, and should be
avoided whenever the nature of the country affords the advantage above
pointed out,

It is difficult to write generally on the other points to be attended to in
tracing—viz., fixing the head and foot of a ghaut, the places to cross rivers
and stremns, and when to change from one valley to another: some of tl:ese
become fixed points, to which the road must be brought, and it requires
cons.Jderable care to determine them to the best advantage, and no slight
practiee to work the slopes into them, withont expedients or loss of
growad.

Experience in executing a road will be found necessary, to cnable the
tracer to avoid a great many inconvenient errors, into which he will other-
wise generally fall.

An aneroid barometer will be found a great assistance to the tracer, in
determining eomparative beights, and its portability renders it much supe-
rior to the mountain baronieter.

197, The following Notes on Hill Road Tracing in Madras, will be
found useful :—

Of the two, the labor of tracing a monntain road, is greater than that expended in
the actual luying out of the sheer descent of the ghaut itself, but it requires not a
little scientific experience to pitch upon a general line for the latter, that will give
scope for running a trace at a fixed gradient of 1 in 20, without having recourse to
the clumsy expedient of zig-zags. FKither a deep ravine or valley should be sought,
up whose flank the road may be carried ; or a long spur or series of spurs, round and
ahont which it may wind, shonld be chosen; and where such a formation can be
found, a combination of both features is best. Much deliberation and care has to be
exercised at the ontset, in judging by the eye of the practicability of the site chosen
for the descent.  Where the jungle is very close a trial trace cannot well be run with-
out great loss of time and fiscless cxpenditure of labor ; all which is saved by having
the ground reconnoitred by an experienced Engineer, who, with the help of the
aneroid barometer, can pretty accurately settle the question.
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The head of the ghaut is usually a fixed point ; and if it is not left open to doubs
that it must be adopted in any case, the tracer, may commence his line, working down-
wards, wherever his levelling stafl carries him ; recollecting he must case off his slope
a little when turning corners, and must cross all streams at a dead level. Once he has
started, it is impossible to lay down fixed rules for his gnidance, and there is frequent-
ly an ample field for the display of ingenuity and talent before he reaches the level
ground beneath ; in trnth to pilot his instrument through dense forests, calls for the
involuntary application of not a few principles of the induetive philosophy.

For such work, in such a country; it may be imagined the common Spirit Level is emi-
nently unsuited. Weighty to carry, and cumbrous to sct up in position, where the ope-
rator can barcly find room to stand ; and where a clear prospect of even a dozen yards
in front of him, is not to he obtained without felling the serub which hinders advance
and obstructs the views ; its use has been wisely discarded in such ground.

The instrument employed is, what is known as the Gunner’s Quadrant, or level for

! setting mortars at their proper angle, modified a little. The long bar is fitted with

sights at cither end, and has a universal joint serewed on at its centre.

The quadrant is reversed from the position it occupies in the mortar quadrant;
having the arc turned inwards, and the radius outwards towards the tracer.  An arm-
ature, bearing & small spirit level at its side, and a vernier to rcad minutes at one
end, works on the arc, which to enable the level to he nsed for tracing either up or
down hill without reversion, has an excess are of some 5° on the upper side of its zero
point. Sceing that an angle of 3° corresponds to a slope of 1 in 20, an arc of 90° is
considerably in cxcess of the angular accommodation necessary in tracing roads, and
Messrs Elliott, Brothers, might with advantage cmrtail this over-balancing appendage :
they might also put the spirit level in permanent adjustment.

The tracing quadrant is fixed to a light stick, shod with iron, of a length suflicient
to bring the pinhole of the sight within casy distance of the eye. The stick should
not terminate in a point, or the levels will be vitiated, Tts base ought to be abont one
and a half inches in diameter.

The forward staff is rather longer than the foregoing, but has a fixed vane, painted
white, whose centre is exactly the same height from the ground as the pinhole of the
quadrant sight. The centre is denoted by a dot in the middle of a black horizontal line.

The traccr holds the instrument in his hand, having adjusted the armature by the
scale and vernier, to the angle of inclination suited to the lay of the gronnd. A slope
of 1 in 20, corresponding to 2° 52', or to within a few minuies of 3°, should be the
maximum, except for temporary descent into water-conrses, which may be 1 in 12, or
4° 45". Tho holder of the forward staff gocs on o few yards and is signalled up or
down, till the foot of it is resting on the linc of the required slope. The tracer has
no difficulty in catching the bubble of the level with his eye, at the same moment as
he watches the vane of the staff throngh the pin-hele sight and cross hairs and as soon
as properly placed, he orders a peg to be driven at its foot. e then moves np to the
peg, and sends the staff bearer forward to take up a fresh position ; and so on till the
trace is pegged in. A party follows to open out to one ‘yard, and when the line has
been inspected by the Executive Enginecr and approved of, to 12 feet : next scason
the road is finished to the full width, with a side drain.

This simple method of tracing is admirably suited to rough undulating couniry
covered with forest, where an ordinary spirit level cannot be easily carried about or
sct up ; and where extreme accuracy is not imperative as in the case of common roads.
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Even a practised eye cannot lay out a road on the hill side that would not be found to
depart widely from the uniform slope proposed, unless the instrument has been in
hand all the time ; eye traces as they are termed, should therefore be proscribed, ex-
cept on flattish ground, where the slavish following of the instrument is apt to lead
to the marking of a tortuous line. If a cutting through a saddle or spur has to be
made, it is usual to dcuote its commencement and end, by inscrting two pegs instead
of one ; and at descents into streams, the sume course must be observed. Great care
shounld bo exerciscd that the latter are formed with due regard to facility of passage,
for many an excellent road trace is marred by insurmountable difficulties at the steep
banks of rivers, or headlong rumps.

The pegs thus laid down are on the centre line of the future road, and when open
ing the gunge path, the laborers are careful to stretch a strong line from peg to peg ;
by means of which the gradient is rigidly worked to. Before excavating, an upper
row of temporary pegs, 8 fect higher up the hill side than the centro pegs, is inserted
to denote the edge of the cutting in a like manner with the aid of string. If all these
precautions are attended to, an even path upwards of a yard wide is speedily formed,
and the slopes are preserved for ever. 1f nothing further is done to it, this path
itself is often an immiense accommodation to both men and animals ; while it enables
the Engincer to see his way much more clearly than if he had to grope through the
jungle withont so safe a guide.  Any improvement in direction which suggests itsclf,
is staked out after o thorongh exmmination of the trace, and it is not scldom that the
adopnion of a deviation here and there is advisable.

A rond, it has been mentioned before, through a hilly district, is more trouble-
some to trace than the incline of a Ghant. This is duc to the difficulty of deter-
mining by the eye alone, how particular features had best be dealt with, and it
requires a great, deal of care und practice to escupe coumitting mistakes in the choica
of gradients, and therehy losing both time and temper from being obliged to do work
twice over.  As a gencral rule, the saddies, over which the road must go, are first
inspected 5 and it often happens that a small depth of cutting at the top will cnable
them to be erossed without exceeding the limit of 1 in 20 ; then the most suitable
sites for bridges are roughly fixed ; and after these observations are taken, the bridle
path is Ievelled in to the best of the tracer’s ability and judgment.  Onmoderately flat
gronnd, when it is certain all the slopes arc within 1 in 20, the instrument nced not
be used, but the line is ranged as straight as possible, the ground to a sufficient width
on cither side is cleared, and the side ditches are stahed out, and excavated at once,
enclosing the full width of the road between them.

It has been customary in Madras to widen the 3-feet trace to a width of 12 feet the
first season, as doing so permits pack bullocks or even a single cart to pass along.
The surface of the road inclines outwards slightly, to let the water run off, and no
drain is allowed to be put on the inner side. There is, however, a check or inter-
cepting channel, 18 inches broad and deep, cut some 80 feet above the road, discharg-
ing across it at convenient spots.

Experience has shown that a 12 feet road is little in Jll'l‘ﬁd by the rains.

The objcctionable expedient of giving the road surface an inward instead of an
outward slope, is, by unskilled persons sometimes resorted to, a method that resnlts in
the road being soon cut up and becoming a mere water-course,

During the second season, the building of bridges and culverts used to be began,
and the road was widened to its full dimensions of 18 feet for a district, and 21 to 24
feet for a trank road. )

Everywhere, in sido cutting, an inner drain was added to a road wider than 12

VOL. IL 2r
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feet; but the tranaverse section of the road surface was as nearly horizontal as pos-
sible, half of the drainage falling ontwards.

108, Tunneling—When the excavation exceeds a certain depth, it
will be cheaper to make a tunnel as a substitute. The amount of excava-
tion will be much less, but the cost of cach yard of it will be much greater.
Calculation in each case can alone decide at what depth it would be eco-
nomical to abandon the open excavation, and to commence the tunnel.
Sixty feet is an approximate limit in ordinary earth. The necessity for
tunnels seldom occurs, however, in the construction of common roads, and
they will be more appropriately treated of under the Section Ram.wavs.

199, Blasting~—~Not only rock, but frozen earth and sometimes very

compact clay, are removed by blasting with powder. The holes are drilled
by a long steel bar, called a jumper, which is raised and lct fall on the de-
sired point, and at each stroke turned partially round, so that the cuts
cross each other like the rays of a star. The holes are made from 1 to 3
inches in diameter, and from 1 to 4 fect deep. One man cau drill in a day
18 inches of a hole, 8 inches in diameter, in rock of average hardness.
“When water percolates into the hole, it must be dried with oakum and
quicklime, and the powder enclosed in a water-proof cartridge. The proper
proportion of powder being introduced by a funncl and copper tube (so that
none may adhere to the side), a wadding of hay, moss, or dry turf, is
placed upon it, and the remainder of the hole is filled with some tamping
material. The best, for safety and efficiency, is dried clay. The next best
material is the chippings and dust of broken brick moistened slightly while
being rammed. An inch or two of the wadding being simply pressed down
upon the powder, the filling material is rammed, or ¢ tamped,” with a
copper rod till it becomes very compact. Through it, passes from the
powder to the surface, some means of ignition. A reed filled with priming
powder, and ignited by a slow match, is generally used by native workmen.
‘Where it can be obtuined, however, the safety fuse should be employed.
This has the appearance of a common tarred rope, and is so prepared that
the length of it, which will burn any given time, can be exactly known, so
that no premature explosion need be feared.

The proper charge of powder, and the direction of the holes, are very
important, both for efficiency and economy. The proper regulator of the
charge is the length of * the line of least resistance,” i. e., the shortest dis-
tance from the bulk of the powder to the outside of the rock, which should
not be in the direction of the hole bored. To produce similar proportional



HILL ROADS. 219

results in different blasts, the charge must be as the cubes of the respec-
tive lines of least resistance. Thus, if four ounces of powder will just
suffice to blast a mass of rock when the L. L. R. is 2 feet, the charge for
another in which it was 8 feet, would be given by the proportion 22: 4:: 8:
13} ounces. The absolute amount of powder required depends on the
strength of the powder and the tenacity of the rock, and should be deter-
mined in every case by direct experiment.

On a high face of rock a system of undermining may be usefully em-
ployed, by blowing out a mass below, and rcmoving the remaining over-
hanging portion by crowbars, wedges, &c.

No loud report should be heard, nor stones be thrown out. The best
effect is produced when the report is trifling, but when the mass is lifted,
and thoroughly fractured, without the projection of fragments. If the rock
be only shaken by a blast, and not moved outwardly, a second charge in
the same hole will be very effective.

The safcty of blasting operations may be greatly increased by applying
galvanism to the ignition of the powder, which can then be cffected at any
distance. By its aid a row of blusts can be exploded simultaneously, by
which their effective power is greally increased.

200. The following account of Blasting operations on the Lahore and
Peshawur Road will be found interesting : —

The old road from Attock to Peshawur, after crossing the Indus, runs for above
three miles throngh a range of low but rocky and precipitous hills. This part of it is
cxceedinLgly narrow in mauy places, little over 10 feet, and some of the principal
ascents are as stecp as 1 in 8, It is known as the Gidar Galli pass.

The right bank of the Cabul river was selected for the new line. The only great
obstruction on it was a cliff of limestone rock, near the village of Khoond, that jutted
abruptly into the river. The height of this cliff above the cold weather level of the
Cabul river is 145 feet. Its total length on the river face is 1,033 feet. Of this
length only 285 fect presented any extraordinary difficulty ; the slope of the remain-
der of the hill, taken ut right angles to the river face, was comparatively gentle, being
in some places ncarly 1} of base to 1 of height,

The following account refers mercly to the plan adopted for removing the precipi-
tous cliff of limestone rock, 285 feet in length.

Two sets of scctions are given in the accompanying sheet of drawing, The first
set show the section of the hill when work was commenced, and the present section ;
the second set show the section of the hill before and aficr the explosion.

On the 3rd June, 1850, the level of the road having been approximately fixed, the
first and second Companies.of Sappers commenced work by opening a path round the
hill on the intended level ; when the path being finished, the Officer Commanding the
Sapper Companies, in the absence of a liberal supply of blasting powder, applied his
men at the top of the hill to cut it down by manual labor, assisted by small blasts of
powder when the rock would not yield to ordinary tools,
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Under this arrangement the execution of the work would have required an extra-
vagant length of line, and the economy of the measure] was doubtful ; it was conse-
guently determined to break up the cliff by four large charges of powder, placed as
shown in the drawing. It was expected that these mines would throw a considerable
portion of the npper edge of the cliff into the river, and that what remained would be so
broken up as to be easily wheeled over the edge of the road without further use of
powder.

By the beginning of November, 1850, the two horizontal galleries into the face of
the cliff were fairly commenced. No. 2, measuring with returns, 100°5 feet in length,
. wag completed on the 25th of January, 1851. No. 1, 97-0 feet in length, was com-
pleted on 15th March, 1851,

The loading of the mines was commenced on the 218t March, 1851, at one o’clock,
P. M., the tamping was completed by cight o’clock, A. M., on the 22nd, and all four
mines were exploded gimultaneonsly during the course of the day.

The cffect of the explosion was, to precipitate into the river the outer edpe of the
hill, (sec shaded part, Fig. 3,) and to break up the whole of the rock included between
thoe dotted lines in Fig, 8. After the mincs were fired, working partics were
employed in wheeling tho debriz into the river, and little powder was used except
on the base of the hill, at the level of the road, which was not much affected by the
large quantity of powder exploded immediately above it.

The following detail may be of usc in future works of this nature,

To avoid any chance that might exist of injuring, by the explosion, that part of
the rock on which the road was to he carried, it was considercd advisgble to lodge
the powder some few feet above the proposed level of the road; one gallery was
accordingly commeénced about 4 feet above the foot-path, and carried in horizontally ;
the other was commenced at the level of the path and was carried in with a slight rise.

This care appears to have been unnecessary, as in removing the debris, the rock
immediately below the charges was found comparatively strong and uninjured.

The gallerics were tuunels into the solid rock; titnber framing to support the roof
was not found necessary.

The main galleries were 4} feet high and 4 feet broad. The branches were smaller
4 feet by 33 feet. The tunncling was cffected entirely by blasting with a small jum-
per of 1} inches diamcter and from 3 to 4 fect in length, worked by two sepoys sitting.
The casiest way of working is no doubt to make the first blast at the top of the gallery,
and to remove all stono that may be loosened by it. ‘The subsequent blasts should then
be arranged as to blow through into this opening. In driving these galleries the Sap-
pers were told off into four reliefs, and the work procecded without check, day and night.

In December, during which month the works were in full progress, each gallery
was advauced 325 feet, being at the rate of a little more than 1 foot per working day
of 24 hours. The total number of feet of gallery driven was 130; 8568 s, of powder
were expended in 176 blasts, varying in depth from 1 to 8 feet. The cost of driving a
gallery may be estimated therefore per foot, as follows, including the cost of tools:—

16 sappers in four reliefs of 4 men each, equivalent to about,

10 coolies, @ Rs. 0-2-6, .. . . Rs. 1 9 0
2:6 Ths. powder, .. . . ve s 0 311
Repairs of tools, &c., . . . s 081

Total per foot of gallery, . s 200

Speaking generally, it was found that a verticaleshaft could be driven twice as fast
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as a horizontal gallery, the area of the section of excavation being the same in each.
Two of the chambers were wrrked exactly to contain the charges. The other two
were formed #0 as to leave a spaco rour | the powder, but it is not possible to say
which is the better construction.

Loading, Tamping, and Firing.—The powder was stored in the magazine in camp
in bags, made of a cotton stuff, heldi. , cach 10 Iis. These were counted as they
entered the mine. The hose was 1 inch in diameter filled with course native powder.
It was prepared in the magazine in lengths of 50 feet, an arrangement which facili-
tated the measuring out of the hoscs fo the different chambers, It was protected in
the gallerics by a thin wooden casing, about one-third of an inch in thickness. The
powder having been carcfully lodged in the chamber, the end ¢f the hose was intro-
duced into the centre of the pile, conducted down to the flour of the chamber, thence
placed in its wooden case, and laid along one side of the gallery ; a thin wall of bags
filled wit™ clay and debris of rock was built at the end of the gallery to isolate the
powder, and the floor of +he gallery was then covered with G to 9 inches of debris to
protect the hose.  Till this was done, work went on in the dark, afterwards lanterns
were frecly used. A common candle in a lantern in No. 1 gallery, not more than 40
feet from the mouth would not burn. It was verv warm in the gallery, but the men
working in it experienced no ~ther mncouvenience, As the want of light delayed the
work considerably, & common thermantidote was applied to the mouth of the gallery,
It had the desired effect, and while it continued to be worked the lantern burnt freely.

In No. 2 gallery, the eandle burnt without the assistance of a thermantidote, which
was probably owing to this gallery being somewhat more roomy thau No. 1. The
lodging o, the powder was commenced at 1. P. M. on the 21st, and the tamping was
completed a* 7 A. M. ou the 22nd, total 18 hours, being at the rate of 54 feet per hour
in each gallery.  The working party was 36 sepoys, relieved three times in parties of
18, aided by 100 coolies, who worked from first to Jast.

The tamping huving been completed, and the h ses all made of the same length,
their ends weve colleeted, nttache o a ¥ ceof port fire, and covered to a depth of
some inchus with ~arth. The result w .. perfectly satisfactory. The hoses, about 135
feet cacl in length, burned so cvenly, that all foar mines exploded together, there
being scarcely ay ~reptible “nte  al between ™ i,

Before firib - *he Jarge mines, a number of smaller ones were exploded with Lines
of Least Resistance of from 20 feet dov.mw,rd The charges of some had been cal-

culated al — (L. LO R me at ~ —-:—{ ; generally we found the charges calculated
at (I.‘:.L P

. (L.L.R.

W unnccessarily violent in their effect, while ( 15-—-2
3

somewhat too weak, L—L—I;OR—) was adopted for the large mines whose Lines of

Least Resistance were, respectivcly, commencing at No. 1, 80 feet, 40 feet, 30 feet
40 feet ; and the'r charges 6,409 hs. 2,800 lbs., 6,400 Ibs., 2,800 1bs., total 98,400 Iha.

Powder—The gre test part of the powder used was made by the officer in charge
of the work, the materials having being procured in the ncighbourhood of Attock,
its average cost was Rs. 7-8 per maund of 80 Ihs.

The Khoond Spur is of hard closcly packed limestone. The total number of cubic
feet of rock removed in the cutting is about 2,000,000 of which 1,840,000 cubic feet
w re effectual'y reduced to debris by the large mines, being at the rate of 100 cubic
feet of rock per pound of powder.

gave chm cs
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201, Stde-hill Roads.—When a road runs along the side of a hill, it
will be most cheaply formed, by making it half in excavation and half in
embankment. But as the embankment would be liable to slip, if simply
deposited on the natural surface of the ground, the latter should be notch-
ed into steps, or off-sets, in order to rctain the earth. In adjusting the
height of the made ground, an allowance should be made for its subsequent
settling.

If the surface be very much inclined, both the cuttings and fillings will
need to be supported by *retaining walls,” which may be laid dry if com-
posed of large stones, or in mortar. The proper thickness which should be
given to them ought to be the subject of Mathematical investigation, but the
mean thickness of the wall may be said to vary from one-fifth to onc-half
the height according to the varying values of the tenacity of the earth
and the strength of the masonry. For further information the reader is
referred to the Section on MasoNry.

If “the side hill be of rock, the steep slope at which that material may
with safety be cut, will enable the upper wall to be dispensed with.

‘When the road is required to pass along the face of a nearly perpendi-
cular precipice, at a considerable height (a case which sometimes occurs in
passing a projecting point of the rocky bank of a river in a mountainous
district), it may rest on a frame-work formed of horizontal beams, deeply
let into the face of the precipice, and supported at their outer end by
oblique timbers, the lower ends of which rest in notches formed in the rock.



SECTION IX.—RAILWAYS.

CHAPTER XXXIX.

INTRODUCTORY—ALIGNMENT AND DIRECTION—CURVES
—GRADIENTS.

202, Tur employment of a roadway with fixed Rails on which on.rr.iages
or wagons were drawn by anéimal power dates from a very early period, hav-

ing, as is well known, been largely employed on the collieries in England, -

but the first railroad on which Locomotives were fairly employed was the
Killingworth colliery line, constructed by Gceorge Stephenson, in 1814.
The Stockton and Darlington line which was next constructed, was at first
only a colliery line, though it subsequently carried passengers, and the
first line regularly constructed for the express purposc of carrying passen-
gers and goods by steam power, was the Liverpool and Manchester Railway,
opened in 1829,  Since that time, with many improvements and altera-
tions of dctail, they have been constructed all over the world, and in 1851,
the first smalil length of railway was opened in India. The great lines
now under construction are most of them rapidly approaching completion,
and will doubtless be the parents of many more branch and subsidiary
lines.

203. The Railways hitherto constructed in India have been made under
the guarantee system, the capital having been raised by the various Railway
companies under a Government guarantee of a minimum dividend of & per
cent. annually, on all sums duly passed to capital account by the Consulting
Engincers. Tho result has been, that Government has exercised a complete
control over the execution of the work, which has, perhaps, to some extent,
retarded their execution, from the necessity of constant reference and cor-
respondence, but which has at the same time been beneficial in many ways.

.
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The first era of Indian Railways in which private enterprise has thus
been dependent on a State gnarantce, may now be considered to have come
to a termination. Its fruits will consist, when all the lines in hand and
projected are complete,—which may be expected to be the case about
1869,—of about 5,000 miles of politico-commercial first class trunk lines,
which will have been constructed at an outlay of not less than seventy
millions sterling. Of this sum, somewhat less than four millions, or about

+¢b} per cent. of the whole cost, will have beeu actually contributed by the

~State (loss by exchange), whilst, under the very favorable supposition

Athat the average profits on the lines all round will, in the same year
(¥869), come up to the amount of the guaranteed interest, the aggregate
debt of the various Railway Companies to the State will probably amount
to about nineteen millions sterling, of which fourteen millions will represent
the net sums advanced by the State in payment of guaranteed interest dur-
ing the construction of the lines, and five millions the simple interest that
will Rave accrued on those advances. The assistance that has been render-
ed by the State in the construction of these lines may be estimated {from
these figures, and it must be admitted that the magnitude of its stake in
the economical construction, maintenance, and working of Indian Guaran-
teed Raeilways was, and is, sufficient to justify the most careful and the
most intelligent supervision and control, on its part, of the operalions of
the ditferent Companies.

Whatever may be the ultimate position of the State in reference to
these Guaranteed Companics, whether it recover its advances or not, there
can be no question as to the immense advantages that the State will have
derived directly in the administration of the country, <. e., politically, and
indirectly, in the prosperity induced by these lines of communications, ¢. e.,
commercially. And, allowing that the State is fully reimbursed its ad-
vances, its absolute contribution will have averaged about £800* per mile
of Railway, equivalent, at 5 per cent. as the market valne of money, to an
annual subsidy of £100 for 10 years, or of £64 for 20 years on each
mile of Railway. DBut this is the least possible contribution of the State
under the guarantee, and the failure of even one or two of the several lines
to work at & profit sufficient to reimburse the State its advances, will aug-
ment, this average contribution very materially; every million sterling that

£4,000,000 ___ .
R £800 per mile,
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is not repaid adding £200 to it. The introduction of a system, free from
the trammels and irresponsibilitics of the guarantee, and more favorable
to the State, under which the construction of standard and other gauge
Railways in approved directions might be continued, has thus been a great
and obvious desideratum.

Such a system has now been introduced in connection with light branch
Railways, and the following are the terms offered by Government, and
which have been accepted in the case of two lines now under construc-
tion. *

1st.—Eighteen fcet surface width of a completed roadway to lay down
its rails on.

2nd.—Land for extensions, diversions, sidings or stations, previous to
date of completion of line, free of cost.

3rd.—The payment, on the completion of the line, of a sum eqmvalent

i

to the Import duty paid on the permanent way material. ’ SR

~

-

4th.—A subvention of Rs. 125 per mile open per annum as s contribu- -

tion towards the cost of maintaining the road from date of opening the
line for public traffic ; to cease, however, as soon as the net profits, exclu-
sive of the subvention, shall for two years or for four half-years consecu-~
{ively, amount to 5 per cent. on the capital.

On the other hand, the line is open to Government inspection; the
tariff of charges is subject to restrictions; one train, at an average speed
of not less than twelve miles an hour, including stoppages, must be run
cach way every day; special fures for troops, police and their prisoners, are
provided ; the muails are to be conveyed free of charge; and all persons or
Companies shall be entitled to run properly constructed engines and car-
riages on the Railway, on the payment of proper fares and tolls, and under
suitable regulations to be approved by the Government.

The concession of the roadway is for a term of 99 years, with right of
purchase by the Government after 20 years from commencement of term ;
of withdrawal on the part of the Company within 5 years from that date ;
and of entry with possession free of cost by Government, in case of default
on the part of the Company at any time.

From these and the general conditions laid down for similar undertak-
ings, the debatable points of the guarantee system have been eliminated ;
and the period has now arrived when experience of their suitability may be

reaped. It is evident that the minimum of State interference, so long as
YOL. II . 2a
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the undertakings are, in any way, aided by the State, has been arrived at
for it has been made so entirely the interest of the projectors to complete
their works rapidly that the only interference necessary, on the part of the
Btate, is such as may be requisite to ensure the safety of the public, and
it is chiefly in respect of the constructive peculiarities introduced that the
experiment has to be watched.

204. Railways may be conveniently treated of under the following
beads:—Burvey and Choice of the Lme—Roadwa.y—Permanent way—
Rolling stock—-Locomotives—Stations—Traffic.

As regards the first heading, it is evident that the general direction of
the line from town to town is a question of traffic with which the Engi-
neer will probably have little or nothing to.do. Iis labors commence
when it is a question of constructing the best and cheapest line between
the towns which it is desired on commercial or other grounds to connect.

The cost of a Railway being so much greater than that of an ordinary
road, and that cost in many items (such as Workshops, Terminal Stations,
&c.), being not in any direct ratio to its actual length, it is often difficult
to judge @ priort as to whether the amount of traffic that will follow the
construction of a given line, will be sufficient to pay a fair per centage on
the heavy cost—or whether the returns per mile will increase in the same
proportion as the constructing or working expenses. On the first intro-
duction of Railways into India it was gencrally laid down as a principle,
that the great lines should be carried from point to point by the shortest

“and ensiest routes, and that it was the through traffic which was to be
Tooked to to pay, rather than the local traffic. The results hitherto as far -
as they can be judged from, tend to reverse this conclusion and to show
that it is the short local traffic which pays best, and that it is worth mak- -
ing & considerable detour to pick up such traffic, rather than leaving it
to seek the line for itself.

Both in England and India the Passenger traffic was expected to form
an inconsiderable item compared with that of Goods. Yet experience has
amply proved what indeed might have been expected, that a fon of pas-
sengers while only requiring the same hanlage power as ton of goods, can
afford to pay a very much larger sum for the haulage, while the cheap-
ness of water carriage almost prevents.a railway carrying heavy goods at
a sufficiently remumerative tariff, to pay for the cost of haulage and wear
and tear of the line,
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The questions therefore to be gone into by the projectors of a line be-
fore the Engineer is called in, are the amount of Passenger and Goods
traffic that may be fairly expected, and whether there is a competing line
of water carriage which will force the Railway to adopt minimum tariffs.
The Engincer will then be asked to estimate the cost ; 1st, of Construc-
tion; 2ndly, Working expenses, including deterioration, when some idea
may be formed as to whether the project will pay.

205, The general principles involved in the Survey and direction of
the line, are the saue as those already explained in the section on Roabs;
but there are certain differences of detail which require to be noticed.

From the great cost of the superstructure of a railroad, and the con-
tinually increasing expense of keeping it in repair, it is highly desirable
(part from the question of traffic) that it should be as straight, and con-
sequently as short, as possible.

As the earthwork of a railroad costs almost nothing for repairs, while
those of its perishable superstructure are very great, and proportioned to
its length, as is also the cost (in fuel, wages, and wear and tear of the
engines) of running the road, it will often be advantageous to make large
cxpenditures for the former clement of cost, in order to lessen the
length of the road, and consequently the annual expenditure for the
Iatter.

On these grounds, a short route, which has the faults of steep gradients
ang curves of small radius, may profitably receive an outlay of capital upon
it, for the purpose of lessening these defects, equivalent to the cost of the
dillerenco of distance between it and a longer line, which has better grades
and curves.

206. Gradients.—In the section on Roads it was explained how a
steeper gradient could be allowed on a kucha than on a pucka road, the
resistance of gravity to be overcome being the same in each case, and
therefore bearing a much larger proportion to the frictional resistance in
the latter case than in the former. For the same rcason, the gradients on
a Railway should be very much less steep than on a metalled road, the
friction being so much less and therefore the loss of power due to the
increased gradient being proportionally so much greater. On a good
metalled road a horse can only draw, on a gradient of 1 in 24, half the
weight which he can draw on a dead level, and as a rule the maximum
ruling gradient should not exceed 1 in 80. A locomotive may be said to
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loss half its power at a gradient of 1 in 220 ;eand the ruling gradient.-

should if possible not exceed 1 in 275.

It is bowever, & more complicated question than that of a road. In

both, of course, loss of power means loss of money, but in the case of a

. reilway it also means wear and tear of permanent way and carriages in

(:ascending, and increased danger in descending; on the other hand, it

" equally resolves itself into a case of comparative cost in the one case as in
the other, and in forming a decision the pros and cons must be well
weighed. '

¢t The cost of draught on a railroad is nearly as the power employed, so

that it will cost nearly twice as much to carry a load on & railroad with an
ascending grade of 24 feet to the mile, as to carry it on a level route.
This consideration will therefore justify large expenditures upon the exca-
vations, embankments, &c., of a railroad, with a view of reducing its
grades. The propriety of such expenditures is to be determined by com-
paring the annual interest of the amount with the annual saving of power
ever after, in drawing the expected loads over the flattened road. It will
therefore be useful to investigate the resistance to be overcome on a level
road, so as to determine the absolute increase produced by a gradient.

207. The resistance to be overcome has three principal elements;
! Frriction, Atmosphere, and Concussion.

The first resistance is that of the Friction proper of the wheels and
 axles. It is constant at all velocities, and amounts in the best constructed
carriages, to 6 Ts. per ton weight of train.

The second resistance is that of the Air. 1t is considered to be pro-
portional to the surfuce of the front of the train, and to the square of the
velocity. It equals the weight of a column of air, whose base is the front-
age of the train, and whose length is the height due to the velocity. This
weight for each square foot of frontage, and for a velocity of one mile per
hour,.equals 0:0027 Ibs., or 35 Ib. For the usual frontage of 80 square
feet, it is therefore one-fifth of a pound at one mile per hour.

The third, or residual resistance, is probably due to the unavoidable
concussions, oscillations, flexures, imbedding of wheels in rail, friction of
air against sides, &c. It may be hereafter decomposed into various ele-
ments, but is now taken as _proportional to the weight of the train and the
velocity, and as being equal to 4 1. for each ton of train, at one mile
per hour ; whence the following formula is derived :—

L
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Let T, denote the weight of the train, in tons.
V, its velocity, in miles an hour.
A, its arca of frontage, in square feet.
B, its volume, in cabic feet ; then .

resistance in s, = [6+-- T 4 —— ‘im;&,or

'[6+VJT+500«)0 ‘

The above formula has been tested by Mr. Scott Russcll and Mr.
Wyndham Harding, chiefly for passenger trains of from 20 to 64 tons,
and at speeds from 80 to 60 miles per hour. At lower velocities, its
results somewhat exceed those of the experiments.

The following table shows the Resistances to trains of different weights,
and at different velocities, as given both by actual experiments and by the
above formula: the frontage being 60 square fect.

Veloity. | Welght. | e imnee | feonlbY | Velooity. | Weight. | pogmance | Booet by
]
l mlh per hr tons 1he pnrum ' Ibs perton | mis per hi. tons 1bs perton | Ibe perton
14 26 1 139 34 303 250 291
| 16 20} 8 3 132 34 18 234 272
I 19 404 12:9 3o 214 22:5 261
| 21 18 12 ‘ 6 167 39 24 300 310
% 403 124 16-6 47 313 337 331
27 403 12:6 177 50 30 329 35:3
81 153 234 254 23 25 417 421
32 144 22°0 272 61 214 526 548

The above being the resistance to be overcome on a level, the resistance
on a gradient is equal to that on the level + that of gravity due to the
ascent, which is such a part of the whole load, as the height of the ascent
is of its length.

Let then, f = resistance (in s. per ton) on a lcvel.

h = ascent in feet per mile; and = "80 = inclination,
A 144
o Bamo X 2240 = —53— resistance per ton of gravity.

I+ {g” total resistance on the inclination.

The power required to'overcome this resistance will be discnssed further
on.

208, In the early days of railway making greater importance was at-
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tached to the question of gradients than is now the case ; and in France,
even as late as in 1846, Mr. Locke had great difficulty in persuading the
suthorities to tolerate inclines of a rise of 1 in 126; but upon the Birming-
ham and Gloucester line, the Lickey incline, with a gradient of 1 in 37,
has been for years in successful work ; and in the passage of the Scemering,
on the Vienna and Tricste railway, the inclines are sometimes carried for
great distances, at the rate of 1 in 40, and the radii admitted in the
curves upon the level parts are often not morc than 623 feet, whilst upon
the inclintes of 1 in 40 they are still occasionally of ouly 934 fcet; the
length of the arcs in the latter cases does not exceed 1,300 feet in round
o.numbers. Of course the speed over lines with inclines of so severe &
" 4anture cannot be great, but the introduction of the expansion gear into
. the locomotive has so much increased what may be called the elusticity
Yof its powers, that at the present day an incline of 1 in 100 would not be
regarded as unfavorable, and the former limit of 1 in 200 would not be a
matter of a moment’s hesitation.

The gradients on Indian lines are generally very light, the greater part
of the country being very flat. On the Punjab railway the maximum
ruling gradient was defined fo be 1 in 1,000, the only exception being at
the approaches of two of the Lridges. As a contrast there is a gradient
of 1in 37 on the Bhore Ghét Incline (Ureat Indian Peninsular Rail
way). :

209, Curves—The importance of curves in the casc of a Railway is
much greater than in that of a road, as will be explained further on in the
chapter on Permaneni Way. In laying them out, one or other of the
methods may be adopted which have already been explained in the Section
on Roads. Curves of 800 fect radius are often resorted to when on ac-
count of the approach to a station, the speed of a train must be slackened;
but it is hardly safe to admit them of & less radius than about 3 mile on
the ordinary paris of the line.

As curvature of the lino increase the resistance of trains and the danger
of jumping off the line at high speeds, it is advisable to avoid very sharp
curves on steep gradients, and on parts of the line where the speed is to
be very high.

Where sharp curves necessarily occur in the course of a steep ascent
it is advisable, instead of adopting an uniform gradient, to make it slightly
steeper on the straight parts of the line, and slightly flatter on the curved
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parts, in order that the resistance of an ascending train may be as nearly
as possible uniform.

Both engines and carriages are adapted on American lines to sharp
curves by means of the ¢ bogey,” a small four-wheel-truck, with its wheels
as close together as possible, capable of turning about a pivot into various
positions relatively to the carriage or engine which it supports, and having
a platform on which the carriage is supported by rollers. A long passen-
ger carriage is supported on two bogeys, one near each end; a locomotive
engine has one bogey under the leading end, the after end being supported
on one or two pairs of driving wheels. By the aid of these contrivances
engines and carriages are enabled to pass round curves of radii as small as
8% chains (231 feet).

On the Bhore Ghit Incline, mentioned above, the sharpest curve has a
radius of 15 chains on an incline of 1 in 75.



CHAPTER XL

FORMATION OF ROADWAY—-TUNNELS—CROSSINGS—
FENCING.

210. Tur Excavations on railways are often of much greater depths
than are ever necessary on common roads, the extra expense being amply
repaid by the advantages of the easier grades and straighter lines thereby
attained. The thorough drainage of these excavations by ditches, crosse
drains, &c., is of the highest importance. Their sides often nced to be
supported by retaining walls, in order to make steeper slopes possible, and
thus to lessen their top width, when they pass through valuable ground.
Sometimes these retaining walls are supported by iron beams, or flat
arches, extending across the railway at a sufficient height to clear the
engines.

The Embankments of railways demand the use of every possible precan-
tion to ensure their solidity ; not only on account of their size, but because
the vibrations imparted to them by the passing trains, greatly increase their
tendency to slip. The expense and time required to form them in layers,
often forbid the adoption of that method. They are usually constructed
by raising them to their full height at one end, and so earrying them on-
ward. Temporary rails are laid along the bank and extended with it, and
on them wagons, containing each about 8 cubic yards, are drawn by
horses, or by locomotive engines, if the distance, or *lead,” be great.

The tops of the embankments, and the bottoms of the excavations, are
:brought to a height called the  Formation level,” about 2 feet below
‘the intended level of the rails, and there shaped with a fall from the mid-
‘dle to each side, as in common roads, in order to drain off the water which
falls upon them.

The rules for the laying out, calculation and actual construction of Cut-
tings and Embankments will be found in the Sections on EARTEWORE and
Roaps, and need not be repeated here.
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211, Instead of melalling, Ballast is employed on the top of the form-
ation surface, in which the sleepers are imbedded which carry the chairs
and rails. The use of this ballast is to protect the formation surface—to
keep it dry—and to act as a firm, but not rigid, bed for the permanent
way. In England gravel is usually employed, sometimes chalk. In India,
kunkur where procurable, or broken stone or roree (broken brick). Sand
has also been employed with success where other material was not available.

The ballast is put on to a total depth of about 18 inches or 2 feet; 12
inches are usually first laid down, the sleepers are then laid on at proper
intervals and the ballust properly and carefully hand-packed all round and
under them.

212, The following was the specification for the ballast laid down on
the Jubbulpore Railway :—

The bullast will consist of hard broken stone, clean gravel, clean kunkar or hard
well-burnt elay ; or of well-burnt broken bricks, or other approved material of cqually
good (uality.

T'he ballast is to be broken to such a size as will pass in all directions through a
ring '} inches in diameter.

The portion of bullast immediately on the formation, at the discretion of the Engi-
ueer, way consist of coarsely broken stone or other specitied materiul.

There will be about 158,400 cubic feet of ballast required per mile for a single line,
with an additional allowance for sidings and metalling,

213, The roadway is often made for a single line ouly at first, but
ground is taken sufficient in width for a double line hereafter if required ;
spare ground should alto be taken on one or both sides for depositing
malerials for the repairs of the line as in the case of a road. The width
to be so taken must depend on the price of the land, as if too dear it can
be dispensed with,

The width required for stations, workshops, or other buildings, should
be carcfully ealculated beforchand and applied for at ihe same time as the
land required for the roadway. 1t is better to apply for too much than
too little, as the making of the railway is sure lo raise the price of the ad-
joining land, so that if applicd for afterwards the cost might be excessive,
while if too much had been taken up, it might be sold at a profit.

214. The Breadth of Formation or Base depends upon the gauge,
or clear distance between the rails of a track, the number of tracks, the
clear space between them, the clear space left outside of them for projection-
of carriages and for men on foot, and the additional space required for the
slopes of the ballast, the side drains, &c. The following are examples :—

VOL. IL 2 u
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Narrow Indian

SINGLE LINE, Gauge. Guuge.

Ft. In, Ft. In.

Clear space outside of rail, . . . . 40 4 0
Head of rail, . . .. . . . 0 2§ 0 23
Gauge, . . . . . . .~ 4 8} 5 6
Head of rail, . . . . v . 0 2% 0 2%
Clear space outside of rail, . . . . 40 4 0

Least breadth of top of ballast; and least mdthl

admissible for archways, &c., traversed by the » 13 1§ 13 11

railway, ..
Spaces for slopes of bullnst, and benches bcyond from 38 10} 5 1
them on embankments, . . . { to 8 105 f
Total breadth of top of embankments, .. {ﬁ(’a‘) éz 8 } 19 0
DouBLE LINE.
Clear space outside of rail, .. .. . .. 40 4 0
Head of rail, .. . . . . . 0 2% 0 2}
Gauge, .. . .. . . . .. 4 8% 5 6
Head of rail, .. .o . . . .. 0 2% 0 2}
Middle space (called the “ six feet”), .. . . 60 6 0
Head of mail, .. v . . . .. 0 2§ 0 23
Gauge, .. .o . . . .. - 4 83 5 6
Head of rail, .. . e, oo . . 0 2% 0 2}
Clear spuce outside of rail, .. o . 4 0 4 0
Least breadth of top of ballast; and lcast width admis- 24 3 25 10
sible for archways, &ec., traversed by the railway,
Spaces for slopes of ballast and trenches beyond j from 3 } 5 2
them, on embankments, . . .. to 8 9
Total breadth of top of embankments, .. ! fm:‘) 12;: g} 31 0

Cuttings are sometimes made of a width at the formation level equal to
that of the embankments on the same line; in other cases they have an
additional width given to them, to allow space for the side drains.

215, Tunvels.—In consequence of the easy gradients required for Rail-
ways as compared with roads, the depth of cutting is often very great and
when that depth increases beyond a certain maximum (usually about 60
feet) it is more economical to resort to a tunnel.

The nature of the strata through which a proposed tunnel is to pass
should be carefully ascertained, not only by means of borings and shayts,.
but in some cases also by means of horizontal mines or drifts, along the
intended course of the tunnel.

The most favorable material for tunncling is rock that is sound and
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durable without being very hard. Great hardness of the material increases
the time and cost of tunncling, but gives rise to no special difficulty. A
worse class of materials consists of those which decay and soften by the
action of air and moisture, as some clays do; and the worst are those
which are constantly soft and saturated with water, such as quicksand and
mud.

In choosing the site of a tunnel, regard should be had, not only to the
nature of the material and to the shortness and directness of the tunnel,
but to the facility for getting access to 1t.s course at intermediate pomts by
means of shafts and drifts. : . .. - by i

v The Lngineer should, as far as possible, avoid curved tunnels, especially
“those in which the curvature is so sharp or so extensive as to prevent day-
light from heing seen through from end to end.

Tunnels made in rock that is so sound as not to require a lining of ma-
sonry or brick-work to prevent pieces of it from falling in, may Le made,
if the rock is igneous, of almost any shape that is most convenient for the
traffic. The elliptical or horse-shoe form is, however, gencrally adopted
for the sides and top, the floor being level. In stratified rocks, the strong-
est form for the roof is that of a pointed arch ; though a flat roof has been
used where the rock consists of thick layers, and has few natural joints.

In ordinary tunnels, measured within the masonry or brick work, the
dimensions of most common ocenrrence are—

Height. Width.
For single lines of railway, ... 201t 15 ft.
For double linc of railway, .. 24 ft. from 24 {t. to 30 ft.

Shafts or pits are sunk for three purposes; to ascertain the nature of
strata to be excavated, when they are called ¢riul shafts; to give access to
a tunnel when in progress for the purposes of carrying on the work, remov-
ing the materal excavated, admitting fresh and discharging foul air, and
pumping out watcr, when they are called rvorking shafts; to adwmit light
and fresh air at intervals to, and remove foul air from, a tunnel when com-
pleted, when they are called permanent shafts.

216. 7'rial Shafis are in gencral sunk at or near ihe centre line of the
proposed tunnel. Their transverse dimensions are fixed mainly with a view
to convenience in sinking them. Six feet is an ordinary diameter for a
round trail shaft; 6 feet by 4 are ordinary dimensions for rectangular
shafts. The shape is regulated by the material to be used in lining the
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shaft, being rectangular in timbered shafts, and cylindrical in those thet
are steined or lined with stone or brick.

The number and distance apart of trial shafts are to be determined after
previous boring, no general rule can be laid down on the subject; but the
Engineer must, to the best of his judgment, sink such shafts as are neces-
sary in order to give him an accurate knowledge of the strata to be ex-
cavated.

Working Shafts may be either rectangular or round. Their usual
transverse dimensions range from 6 to 9 feet; the greater diameter is
advantageous, because of its admitting of large quantities of material being
raised and lowered at a time. Their distance apart varies, in ordinary cases,
from 50 to 300 yards. In some cases, however, it has been found necessary
to place them as close as 20 or 30 yards apart, for the purpose of discharg-
ing foul air; while in other cases the height of the ridge to be tunneled
through has rendered the sinking of shafts impracticable for very long dis-
tances. An extreme example of the last case is the tunnel now in progress
through Mont Cenis, which, when complete, will be eight miles long, and
which must be excavated entirely from the two ends, without the aid of
shafts.

The range of working shafts of a tunnel may lie either along its centre
line, or in a line parallel to the centre line, at an uniform distance to one
side. When the latter system is adopted, the object is to keep the shafts
clear of the excavation and building of the tunnel, with which they are

" connected by cross drifts, or headings.

Permanent Shafts are in general working shafts that have been made
permanent parts of the structure; the brick lining of each being supported
on a permanent curb or suitably formed ring of brickwork, or of cast-iron,
surrounding a circular orifice in the roof of the tunnel. The top of each
shaft is protected by being surrounded with a wall, and covered with a
grating,

Tunnels in dry and solid rock are generally excavated by driving a head-
ing immediately below the intended roof of the tunnel, from which heading
the excavation is extended sideways and downwards by blasting and
quarrying.

Drifts or Headings are small mines or galleries driven along the line of
the tunnel to explore the strata, drain off water, or remove the stuff ex-
cavated. The least dimensions of a heading in which miners can work are
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3 feet wide, and 41 feet high. If the soil is loose the sides and roof of the
mine must be supported by a timber frame-work.

217, The following data, on the authority of Becker, show the distri-
bution per cent. of the cost of excavating a railway tunnel in Jura lime-
stone, which required 1-15 days’ work of a Jminer to excavate each cubic
yard :—

Workman’s wages, ... «s 43 per cent.
Blasting powder, ... e 15 ”
Fuses, . vor e 3 »
Tamp oil, ... 8 »
Boring tools, e 29 "
100,

This tunnel advanced at the rate of about a foot per day.

Tunnels in soft malerials, whether such as are soft from the first, or
such as become soft by cxposure to air and moisture, like some kinds of
clay, require timbering to support the sides and top of the excavation, and
to be lined with brickwork to prevent their falling in.

The bottom of the excavation is formed with great accuracy to receive
the invert, or inverted areli, which forms the base of the brickwork. The
invert and side walls are built according {0 inoulds, and the arch of the roof
upon centres, consisting of three ribs under each length. The best centres
lave ribs of iron, with screws under each laggin. The centres are usually
supported on cross sills, which are themselves supported parily by posts
resting on the floor, and partly by their ends being inserted into holes in
the side walls which are built up after the centres are struck. '

After the brick-work of length hus been built, most of the crown bars
which lie above the arch can be pulled forward so as to serve for the next
length; those which resist this must be Ieft.  All spaces between the
brickwork and the earth must be carefully rammed up.

e o

The labor of executing Lrickwork in tunnels (including cost of lights) is
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about double that of executing the same quality of brickwork above

ground. . o
The figure shows a section of an elliptical tun-

nel with an inverted arch ECE at the floor. The
parts FG, GF, of the base, which directly bear
the*side wall and their load, are horizontal. O is
the centre of the ellipse EBABE, BB the minor
axis, AOC about three-fourths of the major axis.

£ - The following was the distribution of the cost
of Blechingley tunnel, according to Mr. Simms:—

MATERIALS,
Ter cent,
Bricks, e vae 30}
Cement, e 1
Timber, 11}
Iron Works, ... 2}
Miscellaneous, 63
— 62
LABOR,
Mining—Shafts, heading, &c., ... vee 3}
» Tunneling, . - 15%
—_ 19
Brickwork, ... 12
MISCELLANEOUS EXPENSES.
Such as tunnel entrances, culvert machinery, build-
ings, inspections, &c., oee rer 7
100

The total cost per yard forward was about £72 ; the clear dimensions of
the tunnel being 24 feet X 24 feet, and the brickwork from 1 foot 10}
inches to 8 feet thick.

218, The Monghyr tunnel, the only tunnel on the East Indian Railway
between Cuicutta and Delhi (1,025 miles) is 900 feet in length, on a rising
gradient of 1 in 500 up to within 75 feet of the west face where the
gradient falls 1 in 500. The dimensions within the brickwork are, from
rails to soffit 23 feet, and width 26 feet. The tunnel passes through an
outlying ridge of the Vindhya range of-hills exhibiting the junction of the
quartz and clay slate. On the east side of the hill, the tunnel has to be
cut through clay slate upheaved and contorted, and on the west side through
quartz rock. The whole of the tunnel is lined with brickwork, in conse-
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quence of the nature of the rock and the quantity of water percolating
through fissures, &c., in the roof. The work was carried on at both ends
by a top heading.

On the Bhore Ghét Incline, 18 miles long, there are no less than 26
tunnels of a total length of 8,987 yards, of which 412 yards are artificially
lined with stone.

219, Ranging and Setting-out Tunnels.—The centre line of a tunnel
having been at first ranged on the surface of the ground, a row of shafts
are sunk in convenient positions along that line.

In order to range the line below ground, it is necessary to have two
marks in the centre line at the bottom of each shaft, as far asunder as pos-
sible, to enable that line to be prolonged from the bottom of the shaft in
both directions. Those marks cousist of nails or spikes driven into the
cross timbers,

The former practice was to determine the positions of those marks below
ground, by erecting over the shaft a timber frame, from which two plumb
lines were suspended, hanging nearly to the bottom of the shaft, and to
range those plumb-lines by the transit instrument ; but as that process is
difficult or inpossible in windy weather, Mr. Simms introduced the fol-
lowing improved methods :—The Engineer ranges, by the transit instru-
ment, two strong stakes in the centre line, above ground, each about
16 feet from the centre of the shaft, so as to be safe from disturbance
while the work is in progress. To mark the exact position of the centre
line, each stake has driven into its head a spike with an eye through its top.
The eye of each spike is very carefully ranged in the exact centre line,
being made visible to the observer at the instrument by holding a piece of
white paper behind it. A cord is stretched through the holes in the spikes,
50 as to mark the course of the centre line across the mouth of the shaft.
At cach side of the shaft a plank is laid at right angles to the string, and
with its edge over-hanging the edge of the shaft 2 or 3 inches, so that a
plumb-line may hang from it clear of the side of the shaft. Two plmab-
lines arc then hung from the planks, directly under the cord that marks
the centre lines; and the lower ends of those plumb-lines show two points
in the centre line at the bottom of the shaft.

The approximate ranging of the “heading ” or “drift; " or small hori-
zontal mine that connects that lower ends of the shafts, is performed by
means of candles, cach hung from the timber framing in a sort of stirrup.
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The accurate ranging of the centre line, after the heading has been
made, is performed by stretching a cord between the marks already ranged
at the bottom of the shaft and fixing at intervals of 30 or 40 feet,
either small perforated blocks of wood carried by cross-bars, or stakes with
eyed spikes driven into their heads, so that the holes in the blocks or
spikes shall be ranged by the cord exactly in the centre line.  The centre
line of any part of the tunnel can then be marked at any time when
required, by stretching a cord through two of those holes. The cross-
bars are fixed in a temporary way to the timber framework of the
heading so that they can be removed, to leave free passage for men and
wagons; but their places are so marked that they can be refixed exactly in
their proper positions at any time when it is required to range part of the
line.

Curves can be sct-out below ground by means of a theodolite on a
short-legged stand, and candles or lamps instcad of ranging-poles. In
this case, the two marks at the bottom of a shaft indicate the direction of
a tangent to the curve at its centre.

When the line of shafts does not follow the centre line of the tunnel,
but a line parallel to it, a corresponding line is to be set-out through the
heading at the bottom of the shafts ; and from that line the centre line, or
any given part of the tunncl, can be set-out by laying down off-sets in the
transverse headings.

220, In order to set-out the levels of a tunncl, there should be a bench-
mark above ground, near the mouth of cach shaft. When the shaft has
been sunk, and lined with timber or brickwork, a second benchmark is to
be made within the shafts and near its top, by driviug into the timber or
brickwork a horse-shoe shaped staple in a horizontal position, the levelling
staff being held on its upper surface in taking its level.

Some part of the masonry or brickwork of the iniended tunnel is taken
as a standard point by means of which the levels of other points are regu-
lated ; for example, the ¢ invert skew-back,” or joint where the inverted
arch forming the bottom of the tunncl meets the sides. That joint being
at a fixed height above or below the rails, (generally below,) its depth
below the staple is to be calculated. That depth is then to be set-off by
hanging through-the staple a chain of rods of the proper length. The rods
used by Mr. Simms are connected together at the ends by eyes and
spring-hooks ; the length of each rod, from the inside of the eye at one
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end to the inside of the hook at the other, is 10 feet. To set off & given
depth below the staple, the number of rods to be linked together is one
more than the number of entire tens of feet in the depth ; the odd feet and
decimals of feet arc set off on the uppermost rod by screwing a gland, upon
it at the proper point. The chain of rods is then dropped through the
staple until the gland, resting on the staple, prevents them from passing
farther, and supports the whole chain; a bench-mark, consisting of a flat-
sided spike driven horizontally into the timbering, or of a stake with a
round-topped spike in its head, driven vertically into the ground, is then
adjusted at the bottom of the shaft, so that its upper surface is exactly on
a level with the bottom of the lowest rod.

The staple forms a permanent beneh-mark, through which the rods can
be lowered again, whenever it is nccessary to make a new bench-mark
under ground, owing to disturbance of the former bench-mark. 'This is
always done after the brick-work has been partly built, in order to make a
permanent bench-mark, by driving a flat spike into the side of the tunnel.

221, Crossings and diversions of other lines of conveyance. When
the course of a railway crosses that of a previously cxisting line of land-
cartiage, the railway may cither be carried over or under the existing line
by means of a bridge, or across it on the same level,  When u canal or a
river, is to be eroased, the railway m*lst be carried cither over or under it.
In order to facilitute such crossings, it may be necessary to alter the level
or divert the course of exist'ng lines of conveyance; and in some cases a
diversion may be reqnired independently of any crossing.  The parts of a
road whose levels are altered for the purpose of carrying the railway across
it, are called the approaches of the crossing.

Previously existing roads may e crossed on a level when the crossing
is snid to be a Level Crossing ; or at a lower level when the bridge carry-
ing the road over the rail is called an Over-bridye, or at a higher level
when the Lridge is called an Under-bridge.

Level Crossings are always to be avoided if possible, especially in a pop-
ulous district as dangerous. In England they are all but prohibited for
public roads. 1u a level conntry, however, they can hardly be avoided
without great expense aud they are numerous on Indian Railways. They
should have double gatcs shutting across the road on both sides of the
rail, and across the failway when open, so as to prevent animals straying
on the line. Belf-closing gates are occasionally used, but as a rule a gate-
keeper should be provided.

VOL. Il 21



242 FORMATION OF ROADWAY—

Over-bridges should have a clear head room of 15 feet over both lines
of rail and the width of the rail track should not be diminished to less
than 25 feet; beyond this they will follow the ordinary rules for road
bridges. In dangerous soil, however, special precautions should be taken
to prevent the vibration of the trains passing helow disturbing the founda-
tions; in such cases an invert should connect the two abutments so that
the whole bridge may shake together.

Under-bridges should have a clear head room of 12 feci, to enable a
loaded elephant or wagon to pass, and the width should not be less than
16 feet for a public road. As they have to carry the railway and to stand
the vibration of trains going over them, they should be made of the very
best masonry and the depth of the arch should be somewhat greater than
for a road bridge. Iron Girders arc now gencrally employed.

When roads are diverted to cross the line the approaches should not if
possible have a stecper inclination than 1 in 30.

223, Fencing.—On the land being made over to the Railway authori-
tiss it should be at once marked off and fenced in.

Almost all Railways are fenced on both sides. In a populous country it
is cssential to prevent trespassers on the line and to ensure trains from
accidents by stray cattle. In America however, the lines generally run un-
fenced through thinly populated distgiets, and on the 1ahore and Mooltan
Jine the same systein was proposed, but 1 believe was overruled.

The most common descriplions of fence are the ditch and bauk—uwalls
of mud or dry stone—the post and rail—wire fencing of several sorts, and
various kinds of hedges. In the first kind, the earth dug from the ditch is
thrown ﬁp into a bank, and both should be made deep or high enough to
prevent cattle getting over.  This kind of fence is easy and cheap to make,
but requires constant repair and is generally only a temporary substitute
for a more permanent sort. If intended to remain, some plant like the
cactus should be planted on the top of the bank.

Mud walls may be used in the drier parts of India, but they also require
constant rcpair; the same may be said for dry stone walls, wherc the ma-
terials is procurable.

The post and rail is more cffective as an obstacle; unless, however, the
wood i kyanised or otherwise cxpensively defended from the attacks of
insects it is quickly destroyed and is always wanting repair.

Wire fences are common in England and have been introduced into India.
The posts may be of wood connected with 4 or 5 wires, about the same
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thickness as telegraph wire, or the standards themselves may be of iron.
At intervals a straining post is used by which the wirés can be tightened
or slackened. This fence is effectual enough if carefully put up, but is very
expensive and apt to be stolen. A writer in the Caleutta Engineer’s
Journal recommends a wire fencing on standards consisting of live trees
planted at proper intervals apart, and the idea scems a very good one for
this country.

The best fence is undoubtedly a quick-set hedge or other evergreen ; but
in India it is often difficult to grow in conscquence of the scarcity of water
and the difficulty of supervision; even under favorable circumstances from:
3 to 5 years are needed before it is strong enough to be a perfect obstacle,
until which time a temporary fence must be used.

*The best kind of wooden fencing cut out of timber logs and properly
tarred over, costs Rs. 30 per 100 lineal foet or Rs. 3,180 per mile. A
strong and serviceable iren fence on the other hand composed of wire strand
with bar iron standards costs in England £206 per mile. Add to this £30
per mile for freight and insurance to Calentta or Bombay, and say 1is. 400
per mile for inland transit and erection, there would still be a saving of
Rs. 420 per mile, in favor of the iron fence.”*

© Calcutta Engineer's Journal.



CUHUAPTER XNLI

PERMANENT WAY.

223, Mucn discussion has, from the first introduction of Railways,
taken place as to the best form of Permanent Way, and the practice is
even now anything but uniform. The first rails were simply bars of flat
iron supported on wooden Dblocks, fixed at intervals on the formation
level. Stone blocks were then substituted for wood, but have now ge-
nerally been abandoned, as too rigid and inclastic.

The general qualifications required in any system of permancnt way are
—1st, That it should be fixed so firmly that the gauge, <. ¢., the distance
between the rails shall always be preserved, otherwise the carriages would
be thrown off the line; 2nd, That it should preserve a horizontal position
across the line (except in the case of curves), otherwise there would be
danger from the ycentrifugal force, especially at high speeds, and the
unequal pressure would injure both engines and earriages; 3rd, That it
should preserve an even position lengthways, otherwise the carriages would
proceed in a succession of bumps or jerks, which would cause a loss of
power from increase of friction, and be highly dangecrous to springs and
axles; 4th, That there should be a certain elas.ticity in the roadway, where-
by the rigidity of impact betwcen rails and wheels will be avoided, such
rigidity being dangerous to the axles, and causing much wear and tear;
5th, That the friction between the wheels and rails should be a minimum
beyond the amount necessary to ensure the wheels biting ; &th, That the
rails should be strong cnough between the points of support to bear with-
out changing form, the greatest weight liable 1o come upon them.

At first the plan was tried of fixing the flange on to the rail, but ex-
perience quickly showed that this was inferior to fixing it on the wheel,
and the wheel tire and flange were made in their present form, to allow a
certain amount of free play. As the carriages employed werc heavier and
the pace faster, the rails were found too weak and accordingly strengthen-
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ed, but as strengilh was cvidently required in proportion to the distance of
the rail from its point of support, the fish-bellied rail was introduced as a
more economical means of employing the necessary quantity of material.
At this time, however, east-iron rails were alone employed as cheaper, but
it was soon seen that for heavy carriuges and increased speed they were too
brittle to be trusted, and wrought-iron quickly usurped its place. Thence
the fish-bellied pattern was abandoned as being more difficult to roll, and
the saving of material not compensating for the extra cost. The double
T headed rail was then invented, and has since held its ground pretty
firmly against all later inventions. We shall therefore describe it here,
aud then give some account of the more important of other deseriptions in
use.

224, The section is shown in the figure. The rail is supported on

cast-iron chairs, which ar: spiked down to wooden sleepers laid across the
breadth of the line; the rails being brought into exact position, and made
to preserve their true gauge by wooden keys. Of each of these separate
parts we may now spek in detail.

Slecpers are generally made of wood, though sometimes of iron; they
are usually rectangular in scetion, about 9 or 10 by 6 or 7 inches, and
long enough for both rails to rest on with something over on each side,
say 9 feet for Indian Railways, where the gange is 5} feet. Triangular
sections have Leen used with the base upwards; or a semi-circular section
with the flat side ug, two sleepers being sawn out of each round log.
Both these are gommonly employed for temporary lines, or in places where
timber is dear, and where a cheap line is desired with low speeds.

The sleepers are placed from 2} to 4 fect apart, the distance being les-
sened as the gauge and weight of engines increase, or the strength of the
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rail diminishes. They should be laid carefully in the ballast, which should
be hand packed under and around them, and which generally just covers
the upper surface of the sleeper. .

Various kinds of wood are used for sleepers in different countries; the
timber should be heavy, tough, and impervious to heat and damp, or the
attacks of insects, and the wood which has the most of these qualities is of
course the best, but cconomy has to be duly considered in making the
choice, and this often obliges us to use inferior woods for the purpose.
English sleepers are usually of Seotch or Riga fir, or Swedish or Memel
pine. In India, teak, saul, and decodar are the woods which have chiefly
been employed.  The wood should be thoroughly seasoned, and if possible
kyanized. 1t is a fact, however, that when once trains are rumning, sleep-
ers are rarcly attacked by white auts, the vibration of the trains probably
destroying them before they can make a permanent lodgment.

On the Sind Railway, among the kinds of wood used for sleepers, the
deodar was found to be the cheapest; and when steeped in sulphate of
copper or Durnettizing solulion, very durable. English creosoted pine
stood well, except that, owing to the extreme dryness of the climate, it
was liable to twist and split, and in the latter case became exposed to the
attacks of white ants. The cost of the deodar, delivered at Kotree was
Rs. 3 por slecper; that of creosoted pine, Rs. 4-7 (8s. 11d.) delivered in
Kurrachee. The cost of Burnctlizing at Kotree was 3 annas per sleeper,
and this was found superior to the sulphate of copper process, inasmuch
as wood prepared with the latter rapidly corroded nails or spikes driven
into it.

Chairs.—On the wooden sleepers are fixed the Chairs, by means of two
wrought-iron spikes, driven vertically through the sleeper, each of which
carries two chairs onc for each rail. The chairs are made of cast-iron, and
weigh about 20 Ibs. each. The upper part of the chair receives the rail,
which, as above said, is fixed tightly to it by means of the wooden Keys
or wedges. These should be of oak, or other hard-wood ; those employed
in India are English made, and the wood is compressed by powerful ma-
chinery. By striking these keys with mallets, the line is kept in accurate
gauge, and it is the duty of the inspectors, after the ligg is opened for
traffic, to have the length under their charge constantly measured to see
that the gange is accurately preserved.

225, Rails.—These are made usually in lengths of about 20 feet, and are
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fitted on to the chairs in the manner above described. Where two rails
unite, what is called a fish-plafe is used to conneet them, which is simply a
piece of bar iron,-about 2 feet long, laid sideways and fixed to both rails by
four screws and nuts.

The double-headed rail is in effect a small girder, but one intention in
giving it originally its present form was, that when the upper head was
worn out by the traflic, the rail should be turned upside down, though I
am not aware that this has ever actually been done on any line,

Rails are or should be made of the best and toughest iron, rolled very
carefully in the rolling mill; they are subject to abrasior of the upper sur-
face from the wear and tear of traffie, and from lamination, i. e., a ten-
dancy to split oft’ in layers from the continual pressure of the wheels.
Their weight per lincal yard, 7. ¢, the actnal area of their cross section,
depends on the nature and amount of traffic which they are to carry.
Those on the Kast Indian Railway, weight about 84 Ihs., which is rather
above the avernge weight in England.  On the unjab Railway the weight
i ely 66 Ibs,, the amount of traftic not being likely to be heavy. Theoret-
ieally, as before stated, the seetion should be strong enough to prevent
any possible change of form from the heaviest trains ruuning over it,
with an ample margin of safety and allowance for abrasion. The speed s~
as well as the weight of the trains is also {o be taken into account in prac-
tice, and thongh its effect npon the rail cannot be theoretically calculated, it
scems generally admitted that it should be cared for. Supposing the
points of suppurt for the rails (/. e, the chairs and slecpers) to be 3
feet apart, the heaviest weight they would have to hear would be when the
driving wheels of the largest locomotive in use were resting on thew. which
would be equivalent to a weight of about 10 tons on the pair of rails, or 5,
tons on oue acting at the middle of the rail, equivalent to double that.
weight uniformly distributed.  Considering the rail then as a glrdcl, the
strain on the lower flange = S = };—; H“;x 1 (muking the depth d =
5 inches) = 10 tons ncarly, and taking the safe strain as 4 tons per square.
inch, the sectional arca of either {lange of the rail should not be less than
21 square inches, or of the whole rail, about 7 square inches. It is gene-
rally much morg,

As a general rule, it may be stated that the weight of a yard of rail, if;

supported at intervals; should be 15 Ibs. for each ton of the greatest load onl
" one driving wheel. When the bearing is contmuous, about five-sixths o
that weight are sufficient.

Feov
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The Permanent Way in use on the Kast Indian Railway, is formed of a
double-headed rail, 84 Tbs. to the yard, mostly in lengths of 20 feet. Six
sleepers are used to each 20 fect length, being placed 3 feet G inches from
centre to conire, except at the ends, where the bearing is 2 feet 6 inches
from centre to centre of chair. The chairs used weigh 22 Ibs. The gauge
is b feet G inches, which is the gauge of all the Indian lines. On a por-
tion of the Madras line, the same heavy rails as on the East Indian were
used; on another portion, however, the road is laid with rails weighing
only G5 ths. to the yard, scven sleepers being used to a length of 20
feet. On the Madras line a plan was resoried to, which had been long
since abandouned in Kngland, of using granite blocks instead of slecpers;
but, as might have been expected, their use was soon given up, owing
to the blocks fracturing and-the road being rendered rigid.

The following is the spocification for the Jubbulpore Branch of the
E. L Railway now under constrncetion :—

The weight of the permanent way is estimated to be as follows, per mile :—

115 tons rails of 73 1bs. to the yard.
Maximum Iength.of a rail, 24 fect.
35  tons chairs 285 ths. ench, .
5 tons fishes.
3 tons spikes, in cases of about 5 cwt.
1} tous bolts and nuts, in cases of about 5 ewt.
1) tons of keys, in cushs.

The sleepers generally will be of Indian woods, 10 (ect long and 12 inches by 6
inches in section, not exceeding 1,700 to the mile, and averaging about 240 tons
weight to the mile ; but should it be found impossible to obtain a sufficient supply of
native slecpers for the line hetween Allashabad and Myhere, creosoted fir sleepers,
weighing 142 tons, or Greave’s bowl slecpers, weighing 142 tons per mile, will he
provided.

In laying rails, the allowance for the elongation produced by summer
heat must be very carefully made. In a 15 feet rail, the difference of
leng;th for an increase of 7G6° Fahr. will be about -2, th of an inch ; but at
the samie time that provision must be made for the free expunsion of the
rails, they must not be laid with so open a joint as to give rise to concus-
sions. It is usual, also, to give a slight inclination to the upper surface
of the rails, inclining inward about 1 in 30, for the purpose of giving a
better bearing to the conical surfaces of the wheels. Upon level crossings,
very sharp curves, viaducts, or bridges, it is usual to fasten counter-rails;
but they have so often proved sources of danger, through their indepen-
dent movements, that these counter-rails are never placed unless under
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very exceptional circamstances. On level crossings they are necessary in
order to protect the rails from the shocks of passing wagons.

Fractures of the rails occur on changes of temperature, and chairs are
frequently broken when wedged up too tightly. Great care is therefore
required in the inspection of the rails at these seasons; and it is worthy
of remark, that there is 2 marked tendency of the rails to displace them-
selves in the direction of the movement of the trains, especially on inclines
and near the stations. In some cases, every 10th or 20th rail is notched
upon its chairs, in order to resist the tendency to this kind of displacement.

The following were the dircctions to the contractor for laying the per-
manent way on the Jubbulpore line :—

The centre line of the railway will be marked out by the Engincers, and stakes
driven at proper intervals, giving both the line and level of the rails.

The sleepers are to be prepared for the reeeption of the chairs by planing the seats
for the chairs for the whole breadth of the sleepers, and not less than 18 inches in
length for cach chair. The surface to be dressed smooth, level, and brought out of
winding by means of ganges prepared for that purpose,

The joint sleepers and their chairs are to be first laid down, and the rails fished
and laid in their places exactly parallel and Ievel, and to the right gauge. The in-
termediate chairs having becu previously slipped on to the rails the intermcdiate
slecpers are then to be brought into their proper position, the chairs keyed-on to
the rails at the exact distance required, holes bored in the slecpers with the self-
adjusting guard anger, and the spikes carefully and firmly driven and fixed.

There will be an average of about 1,700 sleepers laid in every mile of the railway,
but plans will be furnished to the contractor showing their exact distance apurt from
centre to centre, and other necessury details.

TLe sleepers and rails are to be laid to the proper height at first, and no raising or
lifting through the Lallast will be permitted.

If necessary the ends of the rails are to be cut or filed true and square, and, in lay-
ing, all the joints must be left wide enongh to allow for expansion.

226, Permanent Way on Curves.—In order to diminish the danger as
far as possible of the carriages leaving the rails, it is usual in order to
counteract the centrifugal force to give a transverse slope to the surface of -
the rails of a curve, technically termed the cant.

Let v be the velocity of a train'in feet per second, moving round a curve
of the radius r in feet, then its centrifugal force bears to its weight the pro-
portion of

Y ]

and this is the ratio’' which the cant, or elevation of the outer above the
inner rails, must bear to the cAuGE, or transverse distance between the rails.
If V be the speed in miles an hour,
VoL, IIL 2k

)
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. V? H
cant for centrifugal force = gauge X 155 Desatly. |
One-half of the cant should be given by raising the outer rail above the
level of the centre line, the other half by depressing the inner rail. It is
impossible to adjust the cant alike for all speeds ; but it is best to adapt it
nearly to the highest speed of ordinary occurrence on the line.
For example, suppose that speed to be 40 miles an hour; then the
values of the cant for the centrifugal force, in inches are as follows, for
different gauges :—

Gange. Cant for centrifugal foree, in inches.
4 {eet 8% inches. 6,000 = radius in feet.
5 5,6 7,040 = ”

A very common clevation of the outer rails, on curves of 1,000 yards
radius (and this seems to be the minimum radius which should be allowed
in railways upon which ordinary express speeds, arc attained) is about 2
inches; and in curves ncar stations, of H00 yards radius, the elevation
becomes about 21 inches. )

Besides the danger from centrifugal force there is also a loss of power
in passing round a curve, which is chiely owing to the wheels on the outer
rail of the curve having a larger arc Lo move over than those on the inner
rail, whereby the resistance of the latter is greatly increased. To lessen
this resistance, the wheels are made conical with their inner diameters
greater than the outer, so that on curves the outer wheels run on their
greater diamcter and the inner ones on the less. This arrangement has,
however, the disadvantage of increasing the oscillation of the carriages on
straight lines.

227, Having now eonsidered the details of the most usual form of
permanent way, we may consider one or two of the more important vari-
ation from the cdtnmon practice. The first of these is the kind employed
by Bruvel for the Great Western Railway.

The gange of this line was made 7 feet, instead of the ordinary one of
4 feet 8% inches, which of course involved heavier carriages, and there-
fore a greater weight to be borne by each rail. It
was therefore resolved to support each rail along its
whole length by slecpers fixed longitudinally instead
» of across. A rail weighing 72 Ths. to the yard was
used of the section shown in the figure, and was spiked down to the sleep-
er, without the intervention of chairs.
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The great objection to their use lies, in the necessity they involve for a
very expensive timber substructure, which is liable to rapid decay, and to
frequent deformations by the warping of the wood, or by the expansion of
the rails. Practically, then, although the system of continuous bearings
produces a road of a very pleasant description for the traveller, so long at
least as it is in order, it is found to be of so costly a maintenance that it is
rarely used in England, unless when the roadway has to be carried over
viaducts, bridges, or other works, where the percussion upon the interme-
diate bearings might become injurious.

For light or temporary Railways, flut-bottomed or foot, or single headed
Rails are used, weighing only 30 or 40 Ibs. 1o the yard.
This kind is being used by the Indian Branch Railway Com-
7 pany in the lines now under construction, the speed on which

o 2= 18 not to exceed iwelve miles an hour, the gange being only
4 feet.
The expense of Kyanising or Burnettizing wood, and the perishable

nature of the material, even when so prepared, has led to the partial in-
troduction of iron sleepers both in India and elsewhere. The objection
hitherto made to them (hesides their expense) has been the too great
rigidity of the roadway thus formed, but of lale years opinion scems to
have altered on {his point. On the Egyptian Railway they are in use,
laid in sand-ballast, and are said 1o answer well, and a large number of
Greave's patent have lately been sent out for the Punjab line. These
consist of a combined cast-iron hollow block and chair in a single casting,
the rails being fixed iu the usual manner, and the gange preserved by ties
to each set of sleepers, as shown in the higure.

The cost of Greave's iron pol sleepers per mile on the Punjab Railway,
as compared with wooden sleepers, is shown below :—
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Cost of sleepers per milc on a line of single Railway— £
Greave's iron pot, ... e eee . oes . 1,500
Creosoted fir from England, - .. 1,372
Creosoted Indian woods, e e e - 1,101
B8],  wee wee ee e e e e e 1085
Burmese iron-wood, ... e . 1,632

»  teak, R I
West Australian ]urrah veeeee e e e 1,372

There appears to be some difference of opinion amongst Engineers as to
the efficiency of this kind of permancnt way. If the bowls are not laid
in ballast of a soft and yielding nature like sand, they are apt to be broken
by the concussion of passing trains. But on the whole they seem well
adapted for Indian use especially at modcrate speeds, while the indes-
tructible nature of their materia’ makes them far preferable to & line laid
with wooden sleepers. .

Cast-iron sleepers were experimentally used for a length of about 17
miles on the East Indian Railway; they were found to make such a rigid
and bad road, that they had to be removed, and wooden sleepers substitu-,
ted. The Chief Engincer then suggested the trial of a road entirely of
wrought-iron, and Government sanction was obtained for an experimental
length on one mile. This mile was laid down on the main linc near Howrah,
but with what result has not yct been published. The road is an ordinary
bridge or foot rail on a longitudinal wrought-iron bearing, designed and
patented by the Chief Engineer in 1859—and if it has proved successful,
will probably be used for the doubling of the line.

228, The following is a description of this Permanent Way patented
by Mr. Sibley :—

The wrought-iron road consists of a lower continuous bearing, formed
by two angle-irons 53 X 5% in 20 fcet lengths bolted together, breaking
Jjoint at half the length, and carrying a bridge rail bolted to the angle-iron
longitudinals with 4 inch hard wood packing intervening. The cross
transoms or ties being placed at 10 feet intervals, also formed of angle-
iron, and bevilled at the end to give the necessary tilt to the rail.

Five miles of this road have been down for the last two years on the E.
L. Railway, and are said to have answered well. The cogst is not more than
that of the wooden slecper road.

The advantages of this road are first, that it contains no perishable parts
except the hard wood packing, a trifle in itself, which can be re-placed
without disturbing the road.
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Secondly, its great strength and stiffness, forming as it does a beam 9
inches deep, and 11 inches broad.

Thirdly, its great hold of the ballast, the central web being 5} inches
deep, which keeps it firmly in line even in curves.

Fourthly, the facility afforded for packing without opening out the
road as is necessary with the slecper road; and

Fifthly, the diminished depth of ballast required, owing to the bearing
surface being only 3 inches below rails.*

A few yecars ago, a patent was taken out in India, by Mr. Ratter,
for what he called the longitudinal block sleeper road, in which blocks of
wood were shaped to receive the rail, and in which it was imbedded. The
blocks were in pairs of any length, and were bolted together underneath the
rail; the gauge was maintained by transverse tie-bars, This plan would
perhaps be cheaper in India than the cross-sleeper road, but it has still the
advantage of requiring timber. Mr. Rulter’s invention is very similar to a
plan proposed by Mr. W. Bridges Adams, in which a double-headed rail
was enclosed in two longitudinal bulks of timber, which were tightly bolted
below the rail. This system was tried on the North London and Eastern
Counties line, and found to answer admirably. It was at one time pro-
posed to introduce it on the Bowbay and Baroda line.

229, Before proceeding further, the question of Gauge may be
noticed ; which, as explained already, means the clear interval between
each pair of rails; the length of which is an important matter, as on it
depends the width of all the rolling stock, and thence the weight of the
various carriages.

The ordinary narrow gauge used in England and in many of the Con-
tinental lines is 4 feet 8} inches, a dimension arbitrarily fixed from the
fact of the first railways having been made at the collieries, on which the
trucks then in use happened to be of the above dimensions. The same
gauge was prescrved on all lines for many years, until Brunel introduced

* The consideration which determines the full depth of ballast required is the thickness provided
below the bearing surface; this is fixed on our linc at 14 inches in the sleeper road; the bearing
surface is 13 inches below surfacc of rails, and the ballast is boxed np to within 3 inches of rail
surface (giving & total depth of 2 feet), to proserve the slcepers from exposure, and to secure the
road from lateral motion.

In the wrought-iron road, the bearing surface is only 4 inches (instead of 13 inches as in a sleeper
I;I:.:n';ﬂ;':f :::tme of rails, thus effecting & clear saving of 9 inches, leaving the same depth below

The stahility from lateral motion in the wrought-iron XOIHH cffectually socured by the deep
angle-irons which have a 6-inch hold in the ballast.
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the Broad Gauge (7 feet) on the Great Western Railway, calculating that
thereby he would gain greater power, speed, and capacity of carriage, out
of all proportion to the extra cxpense to be incurred. For the next few years
the “ battle of the gauges " was fought both in and out of Parliament ; and
it is now generally allowed that the narrow gauge advocates had the best
of the argument; but, practically, the question was settled by the large
number of lines which had adopted the narrow gauge, and from the ex-
treme inconvenience attending a break of gauge at points of junction of
two lines, and which necessitated an entire transfer of passengers and goods
from one set of carriages to the otber.

On the Irish lines a medium gauge of 5 feet 3 inches was adopted, and
that of 5 feet 6 inches was adopted after much discussion, as the gauge
for all lines in India. '

Railways may have either a single or double line of rails. Where the
traffic is light, a single line will generally suffice, but ground should be
taken sufficient for a double line, in case the traffic (as is likely) may
hereafter require it. In India, the earthwork is made at first for a single
line only, but the substructure of bridges is wide enough for a double line;
that is in the case of an Iron Girder bridge on masonry piers, the piers are
made of full length, but girders are at first only put up for one line.

‘Where a double line is used, one is reserved for the up, and one for the
down, traffic, to avoid all chance of direct collision. On English lines the
old rule of the road is observed, trains passing each other on the right
of both ; this is of course an arbitrary arrangement. -

Where a single line is used, special arrangements have to be made to
prevent risk of direct collision, but this will be more properly treated of
further on.

230. To enable carriages to be transferred from one line to another,
two methods are used. 1st, Turntables ; these cnable a carriage or engine
to be turned round on the same line, or by being worked in pairs, and with
the help of two short connecting rails to be moved from one line of rails
to the other.

A Turntable is a large circular disc turning on a pivot, and of a size
sufficient either to receive a carriage ulone, or a locomotive, or an engine
and tender. The turntables in general use are of cast-iron, with wrought-
iron ties, bolts, and revolving gearing; they are also made of wood and
iron, or of wrought-iron #ne. Sometimes the whole_table is supported
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on an iron girder, so nicely balanced on its pivot as to be easily turned by

the strength of a couple of men. Large turntables are about 21 feet in

diameter, the smaller ones 12 or 15 feet. Those for an engine and tender
are, however, 40 feet in diameter. A turntable consists essentially of the )
following parts:—A foundation of masonry or concrete, a circular cast-'
iron base having a pivot in the centre, and a track for rollers round the,
circumference. A set of comical rollers carried in a frame which turns’
about the pivot; a platform supported on the pivot at its centre, and on;
the rollers at its circunference, carrying one or more lines of rails, and pro--
vided with catches to fix it in different positions. Turntables are gencrally
moved by direct manual force, but those of the largest size require the aid
of wheel-work.

If it be desired to reverse the direction of a ftrain, and to avoid the ex-
pense of a turntable or to serve its purpose temporarily and there is suffi-
cient space, two short siding lines may be laid in from the main line,
diverging from it, but converging towards cach other, and mecting at a
short distance like the two sides of the letter V, with a piece of straight
liug contlinuing from their point of meeting, so that the whole resembles
the letter Y. A carringe or {rain mnay be turned down one of these sid-
ings, run along the piece of straight line to clear the switch, and then
backed along the other siding into the main line, which it enters in the
opposite direction to that in which it left it.

Traversing platforms are used when it is desired simply {o pass engines
or carriages from one line of rails o another situated parallellg to it.
They are exclusively fixed in stations where no through traffic can possibly
be admitted; because they consist of a platform susceptible of movement
only in a direction transversal to that of the line of rails, and moving on
rollers in a deep pit extending the whole length of the lines thus put in
communication with one another.

Switches and Points.—DBy these, trains can be transferred from one line
to another while in motion. The apparatus used consists of two parts
known as the switch and the points, the former consisting of a moveable
rail or tongue tapered at the end, so as to lie close to the main rail or to
move sufficiently far to enable the {lange of the wheel to go in between.
To move the switches and render them also self-acting, a lever is employed
with a counterpoise arranged to act within the switch-box, which is placed
at the side of the line, and from which the handle of the lever protrudes.
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The switches are arranged so that the main line is always kept open when
the lever is not touched.

The points are fixed tapered terminations where two lines of rails cross
each other, and which are made of extra hard iron or steel to prevent their
being injured. Opposite the points guard or check rails are provided to
keep the wheels from swerving out of the intended course.

In the plate, a three-throw switch is also shown. In this the single line
of rails is shifted by the switch, which moves both rails together, to either
of the three diverging lincs.

In estimating the amount of pcrmanent way required for a line, a
certain amount of sidings must be allowed for every station to enable a
train to be shunted, i. e., to be run off the main line when stopping at the
station. An extra amount of ordinary rails and sidings must be allowed
at more important stations where spare engines or carriages are kept, and
s large additional amount for the terminal stations where trains are made
up, spare carriages kept, &c., it being the first condition of safe traffic that
the main lines are on no account to be blocked. Of this more will be said
under the head of Stations.
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CIIAPTER XLII.
ROLLING STOCK—LOCOMOTIVES.

231. Rolling Stock.—Railway carriages for the conveyance of passen-
gers are usually very capacious, the bodies being made to project over the
wheels, which in ordinary lines are made 3 feet, or 3 feet 6 inches in dia-
meter ; but as the centre of gravity of the carriages is kept very low, the
oversailing of the frame produces no evil effects. On account of the rapid
speed at which the carriages travel, and the violent shocks to which they
are occasionally exposed, their frames are necessarily made of great
sirength; and every precaution is taken by the introduction of springs and
buffers to diminish the violence of the blows they receive, or the effect
they themselves might produce upon the rails.  Elasticity in the traction
is also necessary as well for the safcty and comfort of the passengers, as
for the prescrvation of the carriages; and even in order to economise
engine power, for if it did not exist, the engine would be obliged to exer-
cise a greater power to start the trains than it would do for the mainten-
ance of the speed once attained. Various contrivances, more or less
successful, have been adopted to secure these conditions; but the system
represented in the plate is the one usually adopted; it represents the
framework of a carriage, the body being supposed to be removed. The
frame is carried on springs fixed outside the wheels, and resting on brass
bushes, which bear directly on the axles: @, @, a, @, are the buffers, or
discs of wood or metal, covered with cushions, and fixed to the ends of me-~
tal rods, working between guides against the ends of very strong horizontal
springs ¢, c. In such cases, when the train is suddenly stopped, the springs
are forced against onc another, and serve thus to soften the blow to an
extent dependent upon the force of the spring. The draw-bars are also
attached to the centre of the horizontal springs, and thus prevent any
sudden jar to the frames of the carriages at their starting, and the several
draw-bars of a train are attached to one another by a coupling chain,

VOL. II. 2L
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bearing a double thread, so as to force the buffers into close contact;
loose chains are also placed by the sides of the buffers, in case the
coupling chains should break. Many varieties of springs have been
applied for both the purposes described above; but experience has led
engineers to resort to the old-fashioned plate springs, of course of con-
siderable thickness, and of the very best quality of steel.

The ordinary first-class carriages have three eompartments, able to con-
tain from six to cight passengers in each compartment; the second-class
carriages mostly have three or four compartments with ten passengers in
each compartment; whilst the third-class carriages are made to contain
from fifty to sixty passengers each. The weight of the best modern first-
class carriages, on the narrow-gauge, is about 54 tons; that of the second-
class is about 63 tons; and that of the third-class 6 tons : or, in other words,
the ratios of the dead weights of the carriages to the loads transported are,
in the several classes, a8 2:9to 1; as 21 to 1; and as 1'6 to 1. A certain
number of the carriages in each train ie made with breaks, and a guard’s
van, with occasionally an extra luggage van, are added. Horse-boxes,
carriage-trucks, and post-office wagons are made upon the same principles
of framing and suspension, as the ordinary traveller’s carriages, so as to
allow of their being added to the same trains as the latter. As the goods
wagons do not travel at the same velocity as the wagons for the con-
veyance of passengers, there is not the same attention paid either to their
modes of suspension, or to their draw-bars; but every wagon which is
added to a train moved by a locomotive engine is hung upon springs, even
when there is no spring draw-bar; there is very rarcly any buffing appa-
ratus attached to merchandise wagons. On ordinary narrow-gauge lines
the weights of goods carriages range between 3 and 5 tons; they carry
about 5 tons each,

On the American and some contineutal lines, the passenger carriages
have no partitions but are open their entire length with a passage down the
centre. Third class carriages arc sometimes built in two ticrs, to save ex-
pense ; the height is apt to make them top-heavy at high speeds, and to
necessitate greater space under any over-bridges crossing the line ; they
have however, been tried on the Bombay and Punjab lines, and are said to
answer well,

Breaks consist of pieces of soft wood (popler is generally used) which by
means of a lever can be made to press against the circumference of the



PLATE XLV,

CARRIAGE FRAME.

S T

{THD T ¢ PRESS.







BOLLING STOCK—LOCOMOT1VES. 259

wheels, and thus by the friction check their revolution, and bring the train
to & stand still,

Proportion of Gross to Net Load.—The proportion of the weight of
carriages to the weight which they can carry is important, as on it depends
much of the economy of the traffic. In the following statement the ordi-
nary proportion of the weight of goods and mineral wagons to the loads
which they carry, are given on the anthority of Mr. D. K. Clark ; and from
those proportions arc deduced the proportions of gross to net load in goods
and mineral trains :—

Wagon Gross Load
= Net Load -+ Net Load

Well made open wagons, ... e e e i 1}
Well made covered wagons, ... o 3 13
Clumsy wagons, e eee eee e 1 2

In computing the gross load to be drawn behind a locomotive engine
which Lias a tender, the weight of the tender (from 10 to 15 tons) is to be
added to that of the wagons and their load.

Tassengers without luggage may be estimated at about 15 or 16 to the
tou, and with luggage, about 10 to the ton (but this last is an uncertain
estimate), In a passenger train the gross load may be roughly estimated
at about three times the net load, with carriages suited for high speeds,
weighing when empty 5 or 6 tons for a carriage capable of carrying 20
or 30 passengers.  In light carriages on horse-worked railways the gross
loud need not exceed double the net Joad.

283, Locomotires.—The engines used to draw carriages on railways are
generally known as locomotives. They are of various sizes and powor, but
the general principles of construction are the same and they differ only in
details. It would be out of place here to do more than give a brief descrip-
tion of their construction and working ; for further information the student
is referred to thc many excellent treatises on the Steam Engine now
available. .

Locomotives have six or eight wheels; the two large ones, which are y
directly acted upon by the piston rods, are termed the driving wheels, and !
are from 5 to 8 feet in diameter.

Most engines have a pair of driving wheels in the centre, between two
pairs of smaller wheels, 8 or 4 feet diamecter, or two pairs of driving
wheels placed togeth'er either before or behind the smaller pair.  When
extra power is required, as in goods engines, the driving wheels are coup-
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led together, by coupling-bars, by which the action of the piston-rods is
more directly transferred to the second pair of wheels.

Power in a locomotive is obtained by using steam of a higher pressure; |
Speed by using a greater quantity of steam within a given time; for each
of these arrangements, therefore, a difference in the details of construction
is required. '

The fuel used in England is now generally coal. Coke, though giving
out more heat with less bulk, is apt to injure the boiler tubes by its hard
particles being driven into them, and the extra heat does not compensate
for the extra cost of coking the coal. Coal is also used in Bengal ; but
in the N. W. Provinces and the Punjab, and clsewhere, where coal is not
available, wood has to be employed instead ; this also necessitates certain
changes in the construction of the locomotive.

233, Longitudinally the locomotive is divided into three parts; the
Jire box, which is behind, and in which the furnace is situated ; the boiler
in the centre, where the steam is generated ; the smoke box in front, in or
outside of which are the cylinders by which the steam is used to drive the
pistons and connecting rods to give motion to the driving wheels. Above
the smoke box is the funnel through which the smoke escapes and in which
is tho blast pipe, by which rapidity in combustion of the fucl and production
of steamn is secured.

The size of the firchars or grating must be adapted to the description of
fuel used, whether wood or coal, and whether slow or fast burning.

Through the boiler, which occupies the principsl mass of the engine,
run a great number of small brass tubes, and through them the flame and
heated air pass from the fire-box to the chimney. The tubes are about
6 feet long, 2 inches in diameter, and from 90 to 120 in number. They
have been made 300 in number, and 1} inches in dismeter. By this
contrivance, and by surrounding the fire-box with a double casing, con-
taining water, all the heat is absorbed by the water before it reaches the
chimney.

The introduction of the tubular boiler tripled the evaporating power
of the engine, and caused & saving of 40 per cent. of the fuel. But
the abstraction of all the heat from the air, destroyed the draught of
the chimney, and therefore the activity of the fire. This evil seemed
insurmountable, in spite of the use of fanners, till George Stephenson
used the waste steam, which passed from the cylinder after working the
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engine, to create an artificial dranght, by discharging it into the chimney,
through the blust pipe. This stcam blast has been termed the life-blood\
of the locomotive.

On the evaporative power of the boiler or the superficial area which can
be at one time exposed to the heat, depends the speed of the engine.

The cylinders may be in or outside the smoke box, and in & horizontal
or oblique position. By placing them inside heat is economized, as none
of their steam is condensed by the cold atmosphere. 1In this position, be-
sides being nearer the centre of resistance, they act with a less injurious
strain ; although, two pistons being necessary to pass the * dead-points” of
the crank, their action is unvoidably unequal on each side in turn. But
this arrangement gives less room for the machinery, and renders necessary
a double-cranked axle, which js consequently much weakened, though cut
from & solid mass of iron. Both the outside aud inside arrangements have
their advocates. The length of stroke of the piston, and diameter of the
cylinder, bear a certain proportion to the evaporative power of the boiler,
as the one should use the steam as fast as the other makes it.  On these
three dimensions depend the power and speed of the engine.

The connecting rods are either connceted directly with the driving wheel
if the cylinders are outside, or when they are inside they are connected

"with the cranked axle on which the driving wheels are keyed.

The feed pumps for the boiler are close to the cylinders, and are con-
nected by a suction pipe with the tender in rear.

Behind, within casy rcach of the engine driver, is the handle of the
regulator by which steam is turned on or off, through the steamn pipe; a
lever at the side, by which as it acts on the eccentrics, the engine can be
made to go forwards or backwards; a steam whistle by which signals or
wurning can be given; and a smaller lever, close to the eccentric lever,
by which the communication between the fecd pumps and the tender can
be cut off or put on.

The tender conveys fuel and water for the engine and is immediately
behind it. By a lever the break can be worked when a stoppage is neces-
Bary.

In what are called tank engines, the engine and tender are in one; they |
are used for short journeys, but are objectionable generally as bringing
greater weight in a shorter length upon the rails.

234, The American locomotives, which are very similar to those used



262 ROLLING STOCK—LOCOMOTLVES.

in this country, are of two kinds, which are universally adopted in the
United States.

The passenger-locomotive has eight wheels, of which four in front are
placed in a moveable frame, called a “bogie” or *truck,” which swivels
on a central pivot, and adapts itself to the curves of the lines; the four
wheels behind are the  drivers;” they are larger than the front wheels,
and of cqual size and coupled. The cylinders are placed outside, just over
the truck, horizontally. A “cab” or “house” is placed upon the hinder
part of the machine, behind the boiler, for the protection of the engine-
driver and the stoker from the weather, with ample glazed opening, to
afford a clear view ahead. The chimney or *stalk” is in form externally
like an inverted cone, expanding upwards; internally, it is cylindrical, and
the space between the outer and inner chimneys forms a reservoir for cinders
and ashes thrown up through the inner chimney, which are deflected by a
baffle-plate at the top, and thrown over into the reservoir, trap, or “spark-
catcher.” 'This contrivance is specially designed for the use of wood as
fuel, and to prevent the risk of conflagration arising from the numerous
sparks which would otherwise be discharged in passing through forests and
other ignitable districts. As a further precaution for the prevention of
sparks, the top of the stalk is covered with a fine wire-net. The steam-
whistle is situated above the boiler for ordinary use ; and the bell is hung
near to the cab, with ropes within reach of the engineman. The bell is
used in passing through the strects.  The cow-caicher is hung in front of
the engine, to ward off stray cattle, &c., and the American flag is hung be-
hind it. The tender is carried on cight wheels, disposed under two trucks,
fore and aft, to facilitate the turning of the tender on the curves. The
goods-locomotive is placed on ten wheels, of which six are coupled, to
supply driving-power, and the leading four wheels are hung in a swivel-
ling truck.

235. An ordinary passenger-locomotive of the present time weighs 19
to 23 tons, and occasionally as much as 27 tons, which is excessive. A
goods-locomotive of the most powerful stamp weighs 27 to 32 tons, dis-
tributed on six-coupled wheels. Tenders weigh from 10 to 15 tons, with
fuel and water supply. Tank-locomotives, or such as are constructed to
carry their supply of fuel and water in reserve, without the aid of a tender,
weigh a few tons heavier than the same engine if fitted with a tender.
But tank-locomotives are usually made of small size, to work light, branch
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traffic, and weigh lighter in consequence than most other engines—from 12
to 20 tons gross.

Passenger-locomotives are commonly made with cylinders 15 or 16
inches in diameter, with a stroke of 20 to 24 inches, and driving-wheels
varying from 5} to 7 feet diameter, according to the duty for which the
engine is made; for high-speed express trains the larger wheel is used.
The cost of a modern passenger-locomotive and tender is ahout £2,300.

Ordinary goods-locomotives have cylinders 16 inches diameter, and 24
inches stroke, with 5 fecet wheels. They cost about £2,800, with tender.

The fire-grates are 3 feet to 4 feet in length, and about 3 feet G inches
wide; and the boilers contain 150 to 230 small flue-tubes, about 2 inches
in diameter, and 10 to 11 feet in length.

236, The following was the Chief Engineer's specification for the loco-
motives to be used on the Punjab railway :—The locomotives sent out
should be adapted for burning wood. They should be light also, which
tends to decrease the wesr of permanent way, This jinvolves engines of
less power than those now generally made in England; but our line is so
level that such powerful engines are not required.  Forty locomotives will
work the line. Twenty 6-wheel engines, leading and trailing wheels 3 feet
6 inches diameter, driving wheels 6 feet, 12-inch cylinders and 20-inch
stroke, weight not exceeding 20 tons; and twenty G-wheel engines, leading
wheels 3 feet 6 inches diameter, driving and trailing wheels b feet diame-
ter, coupled, 14-inch cylinders, and 20-inch stroke, weight of engine not
exceeding 22 tons, in both cases, exclusive of tender, which should carry
1,200 gallons, on six wheels, 3 feet 6 inches diameter; each engine and
tender to be provided with a light frame or roof covered with painted canvas
carricd on uprights from the engine frame and tender, respectively, the
tender rvof being higher than the engine roof, so as to work perfectly
clear and to lap over each other 9 inches.

Every portion or part of each engine and tender in each set of twenty
to be made from one template, so that any piece of an engine shall fit and
be applicable to perform the same duty for any other of the sct.

237, The speed of an engine depends, as said before, on the rapidity
with which its boiler can generate steam. One cylinder full of steam is
required for each stroke of cach of the pistons. Each double stroke cor-
responds to one revolation of the driving-wheels and to the propulsion of
the engine through a space equal to their circumference. Wheels 7 feet
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in diameter pass over 22 feet in each complete revolution. To produce a
speed of sixty miles per hour, they must revolve exactly 200 times in a .
minute ; and to effect this number of revolutions each piston must make
double that number of strokes in the same time.

Work to be done by a locomotive.—We have already investigated the re-
sistance to be overcome in a train whether on the level or an incline. But
besides drawing the train, the locomotive engine has to overcome the
resistance of its own wheels and axles, and of its own mechanism; and
this being added to the resistance of the tender and train, gives the gross
resistance of the engine, tender, and train. Various rules have been pro-
posed and tried for computing the additional resistance for the engine.

The following rule is founded on the principal that the resistance of the
engine cousists of two parts; the first, being the resistance of the engine
as a carriage, is the same with that of a train of the same weight; the
second being the resistance caused by the strain on the mechanism, bears a
certain proportion to the whole resistance of the engine and train, whether
arising from friction, concussion, or gravity ; and that proportion appears
to be about one-third. This is expressed by the following formula for the
gross resistance R in fbs., of an engine whose weight is E tons, drawing a
tender and train whose gross weight is T tons, at the speed of V miles an
hour, up a gradient whose sine of inclination is 7.

R=(T + E). { 8 4 - 2987 i }
in which the first and second co-efficients are those due to friction, concus-
sion, and velocity, and the third expression shows the resistance caused by
the incline.

For a descending gradient, each term in 7 is to be subtracted instead of
added.
The energy cxerted by the engine per minute, in foot pounds, is the

product of the effort or gross resistance in pounds and speed in feet per
minute ; that is to say,

e el

88 VR;
(one mile an hour being 88 feet per minute). The indicated horse-power is
: 88 VR _ VR ~
33000 T 375

Let A be the area of each of the two pistons of the engine, in square
inches ; p, the mean effective pressure, in Ms. on the square inch; c, the cir-
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cumference of the driving wheels, in feet; J, the length of stroke of the

pistons, also in feet; then

2pA=%;and

_ SR
P =g

The mean speed of the pistons is 176 I V = .

The mean effective pressure of steam in the cylinder is regulated by the
effort required to overcome the resistance, as shown by the formule and
ralculations just given. The pressure of the steam in the boiler exceeds
the mean effective presswi. in the cylinder in a proportion depending on
the extent to which the steam is worked expansively, and various other
circumstances. 1t usually ranges in practice from 80 Tbs. to 140 Ths. per
square inch above the atmospheric pressure. In some cases engines have
been worked at a pressure of 200 Ibs. per square inch. The most common
pressures at present are from 100 to 120 Ibs.

The fractive force of a locomotive must evidently be at least equal to the
sum of the gross resistances found as above. This force however is in
general limited, not by the power which the engine is capable of exerting
—for that is almost always more than sufficient to draw any load that it
ever has to convey—Dbut by the ¢ adhesion,” as it is called, or force which
prevents the driving-wheels from slipping on the rails,

The adhesion is cqual to the weight which rests on the driving wheels,
multiplied by a co-efficient which depends on the condition of the surface of
the rails ; being greatest when they are clean and dry, and least when they
are wet and greasy, or covered with ice.

On an average, the adhesion of a locomotive engine may be estimated at
about one-scventh of the load on the driving wheels; for by spriukling sand

zhe rails when they are slimy, or if they are icy, directing jets of steam
on them, it may in general be prevented from falling below that amount.

In order that the rails may be able to hear the load on the driving wheels

- without damage, it is considered advisable that the load on each wheel should
not in ordinary cases exceed b tons = 11,200 Ibs. According to this rule
the limits of load on the driving wheels, and of tractive force, are—

Load on Adhe-
Driving Wheels. sion,

(1.) For engines with one pair of driving wheels, ... ... 10tons =22,400 3,200

(2) ”» two paixs of driving wheels, conpled, 20 ,, 44,800 6,400
3) ” three pairs of driving wheels, coupled, 30 ,, 67,200 9,600
4.) ”» four pairs of driving wheels, coupled, 40 ,, 89,600 12,800

VOL. 1L 2 M
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Evidently the available tractive force of a locomotive engine in ascending
a given inclined plane (which, as above said, must be at least equal to the
resistance of the heaviest train that it hes to draw), is to be found by sub-
tracting from the adhesion that component of the weight of the engine
which acts as a resistance to its ascent; that is to say,
If E denote the total weight of the engine;
q E, that part of the weight which rests on the driving wheels;
7, the sine of the inclination of the railway;
P, the available tractive force ; then

P=[-,7q-iJE.

The following example of the use of the above formule is worked out
from one given by Rankine.
Let weight of train = 104 tons) | T = 114
weight of tender = 10 tons} et T
weight of engine = E = 20 tons.
velocity perhour = V z= 24 miles.
Ascending gradient = 1in 1333 .=, i = '0075.

Then R = (114 +20) {8 + o + 2087 X -0075 |

= 4,602 Ths.
On a level ¢ would disappear, and R would equal 1,501 Ts., showing
that the resistance caused by the ascent of the gradient is three times that
on the level.

If the engines have one pair of driving wheels, then the available trac-
tive force = P = (4 — -0075) 20 tons.

= 2862 s,

showing that the engine would not be powerful cnough to draw the train
up the incline.

If on & level, P = 3, X 20 tons = 8200 Ibs,, . e., the whole tractive
force is available, and this would be ample, the resistance on the level be-
ing only 1501 Tbs.*

* If we work out this same example by the formula given at p. 229, and take 80 square feet as the

frontage of the train, we get—
Resistance of train and tender on level = 1711 1bs., and of the cngine = 414 1bs. Total 2,125 1bs.,

134
to which must be added 7838 = 1 ton for the additional resistance caused by the incline; form~

ing o total resistance on the incline of 4365 lbs., & result which agrocs very closely with the former
ealculation, though the resistance on the level differs considerably.
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Circumference of drivinig wheel = 20 feet.

Stroke of pistons,- - - = 2 ,

Areaof each, - - - =200 sqnare inches. './,. R
On the incline, mean effective | per square inch = p = 56 lbs.

Mean speed of pistons = 422 feet per minute.

Indicated horse-power = 288.

Bui, as shown above, the power of the engine being limited by the
adhesion would not suffice to draw the train up the incline, cven with an
increased pressure of steam,

238, The consumpti-n of fuel by locomotive engines per indicated
horsepower per hour, may be estimated as ranging from 3 to 5 Ibs., and
the evaporation from 7 to 9 Ihs. per 1b. of fuel. The whole arca of bcatmg
surface in ordinary engines varies from 800 to 2,000 square Tect}’ and the
area of heating surface for each Ib. of fucl burned per hour, varies from
about half & square foot to 1} square feet, and is on an average about one
synare foot. -

The action of the blast-pipe gives to the locomotive engine the power
of adapting its consumption of fuel to the work which it has to perform,
within certain limits.  1leuce the rapid consumption of fuel by heavy and
pow-rful engines, in ascending steep inclined planes, is to a great extent
compensated by the saving which takes place in descending.

The nuber of wiles run per annum varies very much with circum-
stances. An engine, when on duty, may perform a duty averaging 120
train miles per day, amounting to upwards of 37,000 wiles per annum,
excluding Sundays.  But as a portion of the stock is always under repair,
and & portion in reserve, it is safe to allow 50 per cent. of the total number
as off’ duty, leaving 50 per ecnt. at work, which would reduce the average
perfornance per engine of the whole stock to 18,000 or 20,000 miles per
anuun.  The circumstances of many lines do not admit of such a high
average mileage; and the gross average mileage run by cach locomotive,
passenger and goods, may be taken at 16,000 train wiles per annum.

Besides the train-miles run by engines, which are in fact the only
performance recognised from a commercial point of view, they run many
miles unavoidably “empty”—that is, withont a train; the proportion of
the empty or unprofitable mileage being dependent on the exigencies of
the traffic and the nature of the line. A line with locally heavy gradients
must have “assistant™ or ¢ pilot” engines in readiness to assist the trains
up the inclines, which usually have to return empty to the depdt; and in
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cases of special trains, empty engines are run to or from the train, before
or after duty, according to the situation of the engine-depit, as the case
may happen.

There is another duty, of a passive description, which is imposed on
engines—to stand “in steam,” or with the steam up and the fire in good
order, in readiness to act when required. Assistant engines necessarily
stand thus many hours a day while on duty, and there is a certain con-
sumption of fuel incurred in so mainteining the steam. Some railway
companies therefore, for the purpose of placing the whole duty of the
locomotive department on record, register the whole time of engines being
in steam, also the empty mileage run, besides the time on active duty and
the train-miles run.



CHAPTER XLIIL

STATIONS.

239. A very im[<ri: ut part of the establishment of a railway con-
sists in the erection of the intermediate and the end stations. The result
of past experience scems to prove that it is by no means advisable to
construct these buildings, at the first opening of a line, in a costly or
a permanent manner; but rather that the true policy of a railway company
is to purchase at once all the land that may be required, and only to erect
the permanent buildings when the traffic has had time to develope itself.
As a general rule, it would secem to be necessary to purchase an addition-
al quantity of ground, beyond that which is required for the roadway, of
abont eight acres for a first-class intermediate station; and of about four
acres for a second-class oune; the terminal passenger station for a first-
class railway will require an area of about 4 to 6 acres; whilst the goods
station of such a line will require about 25 or 40 acres, and the repairing
shops, carriage depots, engine houses, coke ovens, may require at least
12 acres. It may be added that in a large passenger station at a ter-.
minus, as many as forty people are constantly employed; and in a large
terminal goods station tiiere are often as many as 140; on a first-class in-
termediate station therc are usually about ten people employed, and on a
second-class station only about four. It has been found that the average
length of sidings for turn-outs and goods stations, on lines with a large
traffic, is not less than from 12 to 15 per cent. of the whole length of the
through way; and the expense of the station buildings has been found
to be not less than £2000 per mile lineal of the distance between the ter-
mini, when no very costly or monumental buildings have been attempted,
In all cases the embarkation and landing of passengers should be effected
under cover, and the same remark of course would apply to goods; the
possenger platforms should be finished at the level of the floors of the
carriages. ‘

The several points for consideration in the design and arrangement of
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railway stations are too various to admit of any minute classification. In
their general features only can any resemblance be recognised, or any
rules made applicable. And yet in this department, much depends on the
Engineer's judgment, as much of the economical working of the line will
depend upon his judicious choice and arrangement of the stations, and
their several adjuncts. The nature and magnitude of the traffic likely to
occur, and the peculiarilies of site and locality for the intended station,
involve the main considerations, and must determine most of the details
required.

The site will be determined by the contiguity of the town or place to be
accommodated, cost of land, &e.; and, besides these, the question of rela-
tive levels arises, and deserves most especial regard.  Indeed, the commer-
cial value of the slatious may be said to be made or marred by the facility
or the difficulty of communicating with the adjoining thoroughfares. Whe-
ther the station be above or below the neighbouring level, a similar amount
of expense and trouble will be incurred in transferring the luggage, and
of inconvenience in transferring the passenger traffic. In some cases, as
where a railway is permitted to approach a town only upon a viaduet, this
great difficulty is necessarily encountered, and must be provided for by the
best expedients which are available.

If the level of the rails be only about 4 feet above that of the approach
road, tho difference is readily made up by steps for the passengers, while it

. offers convenience in transferring the luggage from the platforn direct into
carts and wagons. A few additional feet beyond this may be accommo-
dated by extra steps, and by employing *shoots” or troughs inclined
from the one level to the other; but if the merchandise usually carried be
of a bulky and weighty character, the goods department is preferably
removed to such a distance that an ascending approach road may be
formed. Any difference of levels may be accommodated by this expedient,
provided such a length of road can be obtained as will allow the ascent by
an easy gradient: but as the goods department is in such cases necessarily
Jemoved farther from the town, and from the passenger department, other
inconveniences arise which it is very desirable to obviate. Where such
approaches cannot be had, and the entire difference of level must be pro-
vided for in a very limited space, it becomes necessary to adopt mechanical
means for raising and lowering the goods, and to provide stairs or steps
for the passengers.
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240, The terminus of a long line of railway comprises complete
arrangements for carrying on a large passenger and goods traffic; and in
its immediate vicinity it is necessary to provide means of repairing, and
perhaps of constructing the locomotive engines, besides proper places for
containing them, and arangements for supplying the requisite fuel and
water.

The Station Plot will therefore generally contain, as scparate buildings,
the Dassenger station, Goods warehouse, Workshops, and Carriage and
Locomotive sheds. Tl Tatter should be at some distance from the other
buildings, to avoid, as far as possible the annoyance of the noise, steam,
and smell, which necessarily pervade the engine-house, and also the dan-
ger of communication in case of fire.

The Passenger station will contain waiting-rooms for passengers, se-
parating the first from the second, and other classes, separate conveniences
for each sex, booking offices, store-rooms for lamps, oil, grease, &c., rooms
for clerks, &c., and also suitable apartments for refreshments. The Mana-
ger's, Fngineer's, and other offices may also conveniently be arranged in
the <ame building. If these various rooms be arranged on two sides of
the main building, the intermediate space will conveniently contain the
arrival and departure platforms, and should be roofed over with a wooden
or iron roof, lighted from above, or as is now very general, by a roof of iron
and glass. The platforms are 10 to 15 feet wide, covered with stone, brick,
or asphalte, and about 2 feet 5 inches above the level of the rails, by which
facility ig given for entering and leaving the carriages, and also for loading
railway trucks with cariiages, horses, cattle, sheep, goods, &c. Several
examples of iron roofing applicable to stations are illustrated and described
in the quarto volumes of the Professional Papers of the Corps of Royal
Engineers.

On approaching the station, two lines of rails diverge {from each other,
5o as to bring them close agrinst the platforms, one of which serves as the
departure platform, having booking offices, &c., contignous to it, and the
other as the arrival platform, in the immediate vicinity of which the re-
freshment rooms are suitably situated. The space between the two lines
of rails must be wide enough for three or more spare lines of rails, to hold
carriages of all classes, horsc-boxcs, carriage-trucks, &c. Access from
the main lines to these spare lines is obtained by one, two, or more rows
of turn tables, one of which should be placed across each of the extreme
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ends of the station, and another intermediate, so that first, second, or third
class carriages may be convenicntly introduced at any part of the train.
Switches may also be laid connecting these spare lines with the main lines,
but they should be of such a kind that the tongues may be wholly removed,
except when in use, otherwise the arriving trains will run against the
points. The supports for the roof, whether of iron or brick, may be fixed
in rows between the spare lines of rails.

The Goods warchouses, if adjoining the station, should be kept back
from the line formed by the other buildings, so as to allow one or more
spare lines between the warechouse and the main line. If this cannot be
done, the turn-plates must be fixed upon the main line, which is found
objectionable, as they arc thus exposed to a constant and most destructive
kind of wear.

241, The following rules as to station accomodation have been laid
down for the Jubbulpore Line, now under construction.

Accommodation to be procided in the passenger building at the main engine chang-
ing station.

Slfmt-r.
0L,
Booking office and station master’s room, . . 300
Telegraph and signaller’s room, .. . . . 800
1st cluss waiting and refreshinent room, .. . GO0
ond class ditto, .. . . . 300
Laudies* room (waiting and r(hnng), . . . 300

The above to he included in the main building of the passenger range.
8rd class entrance and general way out, 15 fect wide cach.

Lunggage weighing room, . e .. .. 300
Gentlemen’s washing and retu'mg room, . . 300
Lamp room, &c., .. . e . . . 300

Stores, &e., .. . . . .e . . 300

The above to be placed in the wings of the passenger range.

One platform in the main engine-changing station to be 20 feet wide, with a
covering roof over it and the adjoining road, 35 feet 3 inches span in the clear. This
roof to be carried on a clerestory, raiscd above the roof of the passenger range for
fre2 ventilation and escape of smoke, and to consist of an iron frame-work with such
suitable covering (uot exceeding 40 1bs. weight per square foot) as may be hercafter
decided upon,

The roof over the platform to extend the whole length of the main station build-
ing and wings, about 200 feet. The opposite platform will also be 20 feet wide but
will not be roofed over in the first instance, nor will the supporting walls of the

shed be built.
Lhird Class Stations.

Buper.
fect.

Bookmg officc and station master’s room, . . 800
Telegraph office and sigualler’s room, .. . . 800

The above to form the body of the building.
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Super.
feet.
3rd class entrance and general way out, 15 feet wide each.
Retiring rooms, .. . . . . . 300
Tamps and stores, .. . . . . 800

Both the up and down platform to be 80 feet in w:dth a verandah 15 feet in
outside width to extend on one platform the length of the passenger range, and &
waiting-shed to he provided on the opposite platform covering an area of 500
square feet.

Tn changing stations sufficient width between ap and down platform walls must
be given to admit of four ronds and two walls to earry the platform shed roof.

In third class stations, suficient width between up and down platforms to be given
for two roads.

A chubootra and  well and latrine to be provided at every station for the
accommodation of third class passengers.

The roof of station buildings to he carried on stone or brick arched ribg, or wrought-
iron girders, as may in each case be most economical. The covering to be of the most
suitable loeal material.

The np and down platforms to be built cach 600 feet long in the first instanco,
leaving space for their extension to 1,000 feet hercafter if necessary.

Standard Dimensions.

Ft. In
The ganee to be, . . e . « 5 6
Ordinary width of rail to be reckoned at, o «“ 0 38
Minimum elear width between the tracks in all sta-
tions, .. . . .. . . .. B 0
Minimum clear width between the tracks on the line, 6 0
Clear distance of platform wall from rail, . o 2 6
Projection of nosing of platforny, . . -« 0 3
Height of passenger platform above rail level, - 2 9
Height of good's platform above rail level, . 4 0
Minimum clear distance from track to side of fixed
strocture on running line, .. . v . 4 6

Minimum ¢lear space hetween tracks and side of fixed
structure in stations, excepting platform walls, .. 6 6
Minimum clear height for all over-openings above rails
in centre of cach line,,. . . . .14 6
Minimum clear height for all over-openings above rail
level, at a point 4 feet 3 inches measured horizon-
tally {rom centre of cach line outwards, to be, .. 13 0
The angle at the sides of all over-openings as formed by the tangents thus fixed
may be rounded off by a curve of 3 fect 3 inches radius,
Goods’ loading guuge for interchange of traflic to be settled to pattern.
Breadth from centre to centre of buffers,,. . «“ 6 5
Hcight of centre of buffer ahove rail for all rolling-stock
to be hercafter constructed, .. . . .« 83 6

VOL. 1I. 2N
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Passenger Carriages.

¥ Ft. In.

Extreme width of body, .. . . « e 8 6

N.B.—In the drawing this is 10 feet 6 inches of roof, .. 8 10

Ditto ditto of steps, .. s oo e 10 o
Length between centres of wheels.

Carriages and wagons, maximum, .e . .. 11 0

Minimum diameter of turn-tables, . . .. 15 0

The engine and tender to turn on turn-tables of dia-
meter of .. . o . oo en ..40 0
All carriages and wagons to have spring-buffers and draw-springs at both ends.

242, A planis given of the Umritsur Passenger Station on the Punjab
Railway. The material employed for the building is brick throug‘hout the-
outer surface being carefully dressed with very close joints. The roofs g
of pucka terras on trusses of low pitch, except, those over the platforms,
which are to be of galvanized corrugated iron. The floors are all of brick-
on-edge, set very close, and dressed smooth. The timber employed every-
where is deodar, from the forests of the ’unjab Himalayas.—(Z’rofessional
Papers, No. 8.)

243, A view is also given of the Calcutta Terminus of the Eastern
Bengal Railway, of which the following is a deseription :—

The building is in an Italian style of Oriental architecture, and is on a very ex-
tensive scale. '

The two platforms are cach above a 1000 feet in length and 27 feet wide. Three
light wronght-iron roofs, each 615 fect in length, cover eight lines of rails. These
roofs are painted internally light blue and white, and produce & very pretty cffect.
The span of each roof is about 53 feet.

The officc accommodation for the Executive Staff is made very complete, and the
waiting hall is of the following large dimensions, viz., length, 200 fect ; width, 40 fect ;
height, 40 feet. The roofs over all the offices arc flat and formed of wrought-iron gir-
ders and brick arches, which have a span of 13 feet ; the bricks are 6 inches deep.

The upper parts of the roofs arc covered with the ordinary Zkoa roofing, composed

of broken brick, mixed with Sylhet Iime, deposited in xeveral layers, with plenty of
water, the finest layers being placed uppermost, and the whole well beaten in the
usual way.
* The method by which the great waiting hall js lighted and ventilated is original.
The chief light is obtained from a considerable elevation immediately above a lower
corridor. It is admitted firstly through a series of arches pierced in the outer and in-
ner walls of an upper arcade, which is built over the lower corridor. This arrange-
ment obviates the necessity of using windows of any kind, since, daring the rainy
season, the water falls only in the upper arcade ; but in cases of violent storms, when
the rain beats at a very acute angle, * purdahs’* or canvas screens are provided, which
can be let down at pleasure.
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The following is a description of the Khooshtea station on the same
line :—

Khooshtea is the terminal station of the first scction of the Eastern Bengal Railway.
It is situated on the south or right bank of the river Ganges, on a large open plain.

The station has two platforms, each 600 feet long and 19 feet wide, between which
arc four lines of rails.

The departure platform and two lines of rails are covered for a length of 300 feet,
with a light and elegant iron roof, 47 feet span.

It is intended shortly to cover tho arrival platform and remaining lines. In the
centre of the building is a large waiting hall or booking-office, measnring 85 feet by
24 and 27 feet in height ; it is approached under a good carriage porch. OUn either
side are the respective rooms for the convenience of passengers and the executive
staff, some of which are set apart as quarters for the station master.

The elevation of the whole has an imposing appearance, as the details are on a large
scale. 1t has been designed in the simple Italian style, with numerous arches of the
same charecter as that which has been adopted throughont the line.

There is a locomotive shed here for six cngines, with the necessary coaling and
watcring appliances, and a very large goods-yard, with numerous sidings running to
the river, and lines for a short distance parallel to the river bank, used for loading
and unloading goods under a shed.

In Plate XV. is shown one of the 3rd class stations on the E. I.
Railway.

244, Watering Tanls—At certain stations, tanks are required from
which the tenders may take in water for the engine. The distance that an
engine can go without water will depend of course npon the work that it
has to perform—perhaps 40 miles may be assumed as an average. The
tanks are built in convenient places close to the station siding, and are,
provided with a syphon and hose for filling the tenders. '

On the E. I. Railway, wells and bullock runs are employed, with an
ordinary chursa, as shown in the figure; or a Persian wheel may be em-
ployed for the same purpose.

Gradient Boards are put up at the various changes of inclination, which
are marked on both sides, as a guide to the engine driver to regulate the
pressure of his steam according to the work to be done.

Signals will be treated of under the head of Trarric.

245, The following returns arc required by the Board ot Trade, to be
furnished previous to the opening of a new railway in England, and will be
found generally useful.

I A copy of the Parliamentary I'lan and Scetion, with any deviation which in
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the construction may have been made from either, marked thereon in red ; the correc-
tions in the distances, levels, inclinations, scetions of gronnd, and radii of enrves, ren-
dered necessary by such deviations, being also marked in red, as well as the positions
of the several Stations. The width of Cuttings and Embankments on cach side of
the railway also to be marked on the Plan.

II. A table of Gradients and Level por-)

tions.
III. A toble of Curves and Straight por- According to printed forms,
tions. observing that the situations of

. 5 works, &c., should be described
1V. A table of Cuttings and Embankments. in cach by Teference to the same

V. A table of the Bridges for roads crossed | fixed point ; und that it will be
by the Ruilway. rctm\'cnicnt if the Station nearest
VI A table of the Bridges and Vinducts | {0 the Mctropolis for a main

! line—and the junction with the
over Water-courses und Valleys. main line for a branch Rail-

VIL. A table of Level Crossings. way—be adopted as such point
VIIL A table of Tunnels. of reference.
IX. A table of Aqueducts and large Cul-
verts.

X. A statement affording detailed information under the following heads :—

1st. Permanent way.—Whether the line be double throughout, or partly double
and partly single, or single throughout with sidings ; the distances from the fixed
point adopted in the tables, at which the single portions commenee and terminate—
or, for a single linc, at which the sidings commence and terminate—should be stated ;
whether the land has heen purchased, or whether any other arrangewents have heen
made with a view to adding an additional line at a future period ; the width of the
line at formation Icvel ; the gauge ; the width between the lines where double ; the
description of rails ewployed, with a diagram section, their length, and weight per
yard ; the description and weight of the chairs ; the mode of fixing the chairs, and
securing the rails ; the description of sleepers, with their smallest, and average,
seantling and length ; their distance asunder if transverse, their arrangement, and
the details of any transverse supports or tics by which they are connected if longi-
tudinal ; the nature of the ballast, and its depth below the under surface of the
slcepers ; the description of switches adopted, with the name of the patentee, if they
are patented.

The names of the stations are to be stated, at which engine turn-tables are provided.

2nd, Fences.—Description of fencing adopted on each portion of the line.

8rd. Drainage—~General description of the drainage employed, and if on any
part of the line it has been attended with peculiar difficulty, a detailed description
should be given.

4th. Stations—Their names, and their distances from the fixed point, respec-
tively, and the position of ench marked upon the I’arlinmentary Plan.

5th. Width of Line.—The minimum space allowed between the sides of the larg-
est carriages in mse upon the railway, at the level of their windows, and any fixed
works, such as bridges, pillars at stations, tclegraph posts, sheds, &c., along the line,

6th. DBridges and Viaducts.—Drawings of all bridges and viaducts, either over
or under the railway, in detail, accompanicd by sufficient information to allow of
the probuble strength of each heing ascertained by calculation.
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X1. Drawing and dcseription of carriages to be used.

MEMORANDUM OF IMPORTANT DESIDERATA AT THE STATIONS.—1. Plat-
forms to be not less than 6 fect wide, at stations where the traffic is small ; and
the descent nt the ends to be by mecans of ramps, and not by steps.  Pillars for the
support of roofs not to be nearer to the edge of the platforms than 6 feet.

2. Clocks to be provided in & position where they are visible from the line,

8. Signals and Distance Signals for each direction to be supplied.

4. The levers and handies of Switches and Signals to be placed in the most con-
venient positions, and to be browgh' close together, so as to be nnder the hand of the
person working them. The switches to be provided with double comnecting rods.
The levers of the switches to be sufficiently Jong to enable the pointsmen to work
them withont risk or inconyenience, and not to be placed between the lines of rails.

5. No facing points, except on single lines, or at junctions, or in exceptional
cases. At all junctions, the signals should be worked in connection with the points.
In other enses a Jow sigmal should be attached to the points, to indicate to the driver
of an approaching train whether they are set in the proper direetion.

6. Sidings to be suppliecd with locked chock-Ilocks, and, if they fall towards the
main line, a blind siding to be provided = 'th the points closed against the main line.

7. Turn-tables for engines to be erected at torminal stations, and at junctions and
other points al which the engiues require to be turned,

8.—.ds regards the Line generally. For c¢very Cast-ivon Bridge the breaking
weight should be eqnal Lo three times the permanent Jond due to the weight of the
supersirocture, added to sie times the greatest moving load that ean be brought upon
1.

9. For every wronght-iron bridge, the greatest weight which can be brought
upon it, added to the weight of the superstructure, should not produee a greater
strain on any part of the material than fire to »« per square inch.  The heaviest en-
pines in use on railways afford o measure of the greatest moving weights to which
the bridpes can be subjected.

10. The upper surfaces of wooden platforins of bridges and viaducts should be
protected from fire.

11, The joints of the rails should be secured by means of fish-plates, or by some
other equally secure fastening,

12. On all curves the chairs should be secured, at least partially, by iron spikes,
With rails known as contractors’ rails, when there are no chairs, or with bridge rails,
it is desirable that fang, or other throngh bolts should be used, at least at the joints.

13.  No standing work above the level of the carriage steps should e nearer to the
outer edge of the rail than 4 feet,

14, The intervals between adjncent lines of rails or between lines of rails and
sidings, should be not less than 6 feet.

15. When Stations occur on or near a viaduct, a parapet wall on cach side, 3 feet
bigh, should be built, with a hand-railing or a fence on the top, sufficient to prevent
passengers from falling over the viaduct in the dark. Yor the protection of the
platelayers, viadncts under the railway should be guarded by a handrail. Viaducts of
timber and iron should be provided with man-holes, and with facilities for inspection.

16. At all level crossings of turnpike, and of public roads, the gates should he
capable of being closed across the railway on both sides as well as across the road;
and a lodge or station-house should be provided.
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17. The fixed signals attached to the gates should be placed ut the level crossings
in convenient positions for being seen along the railway as well as along the road ;
and when a level crussing is so situated that an approaching train cannot be seen
from a sufficient distance, distance signals should be supplicd.

18. At all junctions, main signals and distant signals for cach line are required;
and clocks should be placed in a conspicuous position for the use of the signalmen.

19. It is desirable that the signal-handles and levers of the switches at junctions
should be brought together upon a properly constructed stage. They should be so
arranged, that a signalman shall be unable to lower a signal for the approach of a
train until after he has set the points in the proper direction for it to pass ; and that
it shall not be possible for him to exhibit at the same moment any signals that can
lead to a collision between two trains,

" 20. Mile-posts and gradicnt-boards should be provided along the line.

21, The junctions between the main line and any sidings which lead to ballast pits
in use, or which are employed for colliery or other purposcs, shonld be protected by a
distance signal in each dircction.

246, The following are some details of the Sindh Railway : —

The distance between Kurrachce and Kotree traversed by the Sind Railway is 108
miles 10 chains. Of this distance 82 miles 50 chains are level, and the remaining
75 miles 40 chains are on inclines more or less favorable, 1 in 200 Leing the ruling
gradient.

The total length of straight line being 74 miles 22 chains, the length of the line
on curves is, therefore, 33 iles 68 chnins, the sharpest curve having a radius of 43
chains for a distance of 76 chains.

The earthworks gencrally are cxceuted to accommodate a single line of railway; but
all the bridges, culverts, and stoue viaducts are constructed to carry a double line.
In the cases of the wronght-iron viaducts, the stone piers are adapted to support
girders for a donble way, while those required for a single linc alone are erected.

The Permanent Way consists of the ordinary double-headed rail, weighing 65 ths.
per yard, fixed by compressed wooden keys in chairs, each weighing 22 s, The
joints arc fished in the usnal way, the fish-plates being secured by four bolts, each 1
inch in diameter. The whole is laid on transverse wooden sleepers at intervals of 3
feet except at the joints, where the sleepers arc only 2 feet apart. The dimensions
of the sleepers are—length, 10 fect ; breadth, 10 inches; depth, 5 inches. A large
proportisn of the sleepers is of red and white pine creosoted, sent from England.

The remainder are partly of deodar from the Punjab forests, and partly of Austra-
lian blne and white gum, and native red eyne. These were objectionable, on account
of their great weight, and the case with which they were split by the driving of the
spikes,

To protect the dcodar sleepers from the attacks of white-ants, and beforc the Bur-
nettising apparatus was reccived from England, they were stecped in a solution of
sulphate of copper. This proved to be an unfailing specific ; but it possesses this
serious ohjection, that iron nails or spikes driven into timber thus prepared are rapid-
ly destroyed by the action of the sulphuric acid. The result of experience, with
reference to the important question of sleepers, is that pine sleepers, whether red
or white, imported from England and creosoted, are liable to split and twist to a
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great extent, probably on account of the extreme dryness of the climate. They also
Lecome very brittle, the nature of the timber being destroyed. The creosoting process
only penetrates a certain distance from the surface of the sleeper ; and so long as the
sleeper does not split, the creosote effectunlly protects it from the attacks of the ant,
but immediutely a part of the interior becomes exposed, the ant attacks it, and soon
destroys the uncreosoted core of the slecper.

The cxcellent ballast on the Sindh Railway, consisting chiefly of broken stone or
clean gravel, assists in preserving the sleepers from the white ant.

The majority of the Fencing used on the Sindh Railway consists of a dry rubble-
stone wall, having a coping of stones on edge, set in mortar. Its height is 4 feet
above the surface of the ground.  Its thickness at the bottom, just above the footings,
is 1 foot 104 inches, and at the top 15 inches. Its average cost was 3s. per lineal
yard. Along 15 miles of the line, between Jemedar-ke-Landi and Guggur, five-
strand wire fencing was adopted on account of the distance of suituble stone, and the
necessity for its rapid completion.  [Its cost was 2s. 4id. per lincal yvard. The cost
of maintenunce of the wire-fencing is high, compured with that of the stone wall.

247, The following refers to the (i. I. P. Railway :—

The first section undertaken hy the Great Indian Peninsula Railway Compaty
was that from Bombay to Callian, 33 miles, with a branch to Mahim of 1§ miles ; it
was called the “ Experimental Line.”  The portion from Bombay to Tannah, a dis-
tunce of 20 miles, was the first railway opened in India for public traffie, which event
took place on the 16th of April, 1853. From Bombay to Callian, a double line of
rls has been lnid, s stecpest gradient is 1 in 150, and the radius of the sharpest
curve is 40 chaiuns,

The principal works upon the Experimental Line are the erossing of the Sion
Marsh, which is effected by an embankment ; the crossivg of the arm of the sea from
the island of Salsette to the Concan, comprising two viaducts, the length respectively,
of 111 yards and 193 yards, in the latter of which there is an opening for navigation
of 84 feet, spanned by wrought-iron plate girders ; beyond this, there are two tunnels
of the respective lengths of 103 yards and 115 yards. The railway is protected by
post and rail fences, and prickly-peur and eactus hedges.  The station buildings are
of masonry. The permanent way ix chiefly lnid with transverse wooden slecpers, and
€ miles of it with iron pot-sleepers, The rails, which are of the double T form, weigh
84 g, per lincal yard, as far as Tanuah ; beyond which place, they weigh only 65
s, and 68 ths. per yard. The lighter rails extend along the whole of the Company's
main lines, except the two Ghaut Inclines, on which are laid rails of 85 hs. per yard.
¥rom Callian diverge,—the South-Eastern Ixtension to Poonah und Sholapore, and
its proposed prolongation to the river Kristna and the Madras Railway,—and the
North-Eastern Extension ‘o Nassick and Jnbbulpore, to join the East Indian Rail-
way from Calcutta, by which a communication will also be effected with the North-
‘Western Provinces of India.

8. E. EXTENSION.—The first section of the South-Eastern Extension is from
Callian to Campoolee, at the foot of the Bhore Ghaut mail-road. 1t is 37§ miles in
length, of which 80} miles, to the foot of the railway incline, are permanent, the
remainder having been designed for temporary use, until the Ghaut Incline was opened.
This portion of the railway has been constructed for a double line, but only one road
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has been laid. Tts ruling gradient is 1 in 115 on the permanent, and 1 in 85 on the
temporary, portion. The radius of its sharpest curve is 40 chains, It contains no
work of any special character, but it is remarkable for the extraordinary floods and
rapid torrents to which it is exposed on both sides. The bridges and culverts are
built of rubble masonry, with coursed facework ; and in one or two instances, cast-iron
girders were rade use of. The average cost of this section, exclusive of rolling stock,
was only £4,500 per mile. _—

Bhire Ghaut Incline.~Four years were spent in preliminary surveys of this
incline, and in laying ogt and preparing cross sections, to the number of about two
thousand, and perhaps the most difficult that have ever been taken.

It is 15 miles 68 chains in length, and the total rise is 1,831 fect. Its average
gradient is 1 in 48. The steepest gradients are 1 in 37, extending in one length for 1
mile 10 chains, and 1 in 40 for 5 miles G chains, Short lengths of level gradients and
of 1 in 330 are introduced into this incline, to facilitate the ascent of the engine.
The radii of the curves upon it range from 15 chains to 80 chains, and 5 miles 33
chains are straight. It comprises twenty-five tunnels, of a total length of 8,585 yards.
The longest is 437 yards ; and the longest without a shaft, which is carried through a
mountain of basalt, is 346 yards, There are eight viaducts of a total length of 987
yards. The two largest are 168 yards long, and respectively, 163 feet aud 160 feet
above the foundations, The viaducts are being built, up to the surface of the gronnd,
of solid block-in-course masonry, and above, of block-in-course facework, strongly
tied through, by header bonds of block-in-course, to the internal work of sound rub-
ble, and with coursed rubble arches. The contract also comprises & large quantity of
retaining walls, The total quantity of cutting, chiefly rock, amounts, by culculation,
to 1,263, 102 cubic yrrds. The maximum depth of cutting is 70 feet, and the great-
est contents, 75,000 cubic yards of trap rock. The embankments amount to
1,849,984 cubic yards, the maximum height being 74 feet ; and greatest contents are
209,000 and 268,000 cubic yards. The slopes average about 1} to 1. There are
twenty-three bridges of various spans, from 7 feot to 30 foet, and sixty culverts from
2 feet to 6 feet wide. The rails weigh 85 s, per yard, and are laid with fish-joints,
with small cast-iron saddles under the joints, resting upon longitadinal planks, the
ends of which bear npon, and are sccured by fang bolts, to transverse wooden sleepers.
The estimated cost of this incline is £750,000. The upper 2 miles from Khandalla
to Lanowlee, with gradients of 1 in 40 and 1 in 50, were opencd on the 14th of June,
1858, and have since been worked with safety and regularity.

At the eleventh mile, the incline is divided into two hanks, by what is called a
reversing station. This snb-division, however, was not adopted for the purpose of
making two banks of the incline, but of increasing the length of the base, in order to
flatten the gradient and to reach a higher level, where it encountered the great fea-
tures of the Ghaut margin, near Khandalla. Without the necessary cxpedient of the
reversing station, the practicability of changing the direction of the line would have
been confined to making curves of small radius ; but with the device of the reversing
station, the direction was altered at a very acute angle, by mecans of points and
crossings. In consequence of its adoption, the incline is prolonged by nearly the
difference between the length of the two sides of an acutc-angled triangle, and that
of its base, )

The next sectien of the South-Eastern Extension is from Lanowlce, the summit of
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the Bhére Ghaut Incline, to Poonah and Sholapore, and is 2054 miles in length. Its
engineering character is very similar to that of the Concan section. Its ruling
gradient is 1 in 132, and the radius of its sharpest curve is 40 chains. The cuttings
arc in trap rock, moorum, and soil; and the embankments arc chiefly composed
of soil and moorum. There are twenty-two viaducts three hundred and fifty-nine
bridges, and four hundred and fifty-four culverts, all built of substantial masonry.
The largest works ure the viaducts over the Bectua, 441 yards long and GO feet high,
consisting of twenty-eight segmental arches 40 feet in span, with a flood stream
46 fect deep, and rock foundations, the cost of which was £24,246 ; and that over
the river Scena, 190 yards long, 54 feet high, consisting of twelve segmental arches
40 {cet in span, with a flood stream 41 fect deep, and foundations partly in rock
and partly on hard clay. The fences are dry rubble walls, and cast-iron posts and
jron-wire rails. One peculiarity of this district is the violence and suddenness of
the floods, which descend with searely an hour’s notice, and gather into torrents on
spots upon which there is no trace or warning of any strewn.  In the uncommenced
portion of the South-Eastern Extension, from Sholapore to the junction with the
Madras Line, in the Raichore district there will be two very large viaducts over the
rivers Beema and Kristna.  Upon the Sonth Eastern Extension large quantities of
corton and country produce are now carried, and it is evident that an immense traffic
must soon he accommodated.  The earthwork has been executed for a single line,
and the vinduets and bridges for a double line,

N, E. ExTexstoN.—Retarning to Callian, the first seetion of the North-Eastern
Exteusion, which there diverges towards Jubbuipore and Caleatta, is from Callian to
Kuesarah, 26 miles, gradually ¢limbing, by steep gradients, of which a great portion
are 1in 100, the flank of a long mountain spur, which projeets from the Ghaut runge,
and divides the valley of the Basta on the south, from the Wyturnee on the north.
"Thix section is full of heavy work ; but to obtain even such a line, demanded a long
and minnte study of the rngged and jungle-covered district. The radius of the
harpest curve is 30 chains. It contains 520,493 yards of cutting, chiefly trap and
basaltie rack, and 1,353,317 cubic yards of embankment. It comprises four viaducts,
ol which the two lurgest are respeetively, 124 vards and 143 yards long, and 127 fect
and 122 fect high ; forty-fonr bridges from 7 feet to 30 feet in span, aud one hundred
and xeventeen culverts. By means of this section, 849 feet of the ascent have been
surmounted to the sammit of the Ghaar, and thus the altitude to be overcome by the
Thul Ghant Incline ig reduced to only 472 feet.

Thul Ghant Ineline.—~The 'Thuw Ghant Incline extends from the village of Kus-
sarah to Kgutpoorn, and is 93 miles m lengih, having a total ascent of 972 feet,
At the end of 33 miles there is a reversing station, similar to that upon the Bhore
Ghaut Incline, by which the base was lengthened, the gradient fluttened, and the
incline divided into two hankx, The steepest gradient is [ in 37, for a length of 4
miles 30 chains ; and the same introduction of a level portion is adopted here as on
the Bhére Ghaut, The radius of the enrves ranges from 17 chains to 100 chains,
and 3 miles ¥8 chains ave straight. There are 13 tunnels, of a total length of 2,652
yards. The longest are, one of 474 yards, in bluck basalt, with two shafts, and
another of 488 yards, without a shaft, in greenstone, There are six vinducts, of a
total length of 741 yards, the largest of which are respectively, 144 and 250 yards
long, and 83 feet and 182 feet high. The latter is designed for three spans of
triangular iron girders measuring 150 fect, with a pair of semi-circulur abutment

voL. 1, 20
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arches, measuring 40 feet at each end. There are fifteen bridges, of which the span
varies from 7 feet to 30 feet, and sixty-two culverts. The cost of the incline will be
about £450,000, The preliminary surveys aud studies occupied four years, and the
works were commenced in October, 1857,

The next scction of the North-Iiastern Extension rons from the summit of the Thul
Ghaut Incline, at Egutpoorn, hy Nassick, across the fertile valley of the Godavery,
and the Indhadree range of mountains, along Khandeish to Bhosawul, the point of
junction with the Qomrawuttee and Nagpore Branch. The characier of this line is
very similar to the corresponding section of the Sounth-Fastern Extension, from the
Bhére Ghaut to Sholapore, and the nature of the carthwork is much the same. The
principal works upon it are—a viaduct over the Godavery, 145 yards in length,
consisting of nine arches 40 feet in span, with a flood stream 36 feet deep, and
foundations upon rock, excavated through sand ; the Kadoo Vinduct, 242 yards in
length, with fifteen arches 40 feet in span ; the Munnair Viaduct, with five openings
spanned by triangular iron girders, and two pairs of abutment arches; and the
‘Waugoor Viaduct, with ten openings, also spanned by triangular iron girders. The
section coutains twenty viaducts, two bundred and scventy-nine bridges, and four
hundred and thirty-five culverts.

The last section of the North-Eastern Extension runs from Bhosawut to Jubbul-
pore. It is 328 miles in lengih, and was contracted for hy Messrs, Duckett and
Stead, in January, 1859. As the operations are in a preliminary state, it is only
necessary to notice the two very large viaducts over the rivers Taptee and Nerbudda.
The Taptee Viaduct is 875 vards long, consisting of five openings of 138 fect and four-
teen openings of 6O feet, and twenty arches 40 feet in span, with a flood stream 70
feet in depth, and fonundations upon rocks. The Nerbudda Viaduct will be about 387
yards long, 100 fect high, with a flood stream 90 feet deep.

The OQomrawuttee and Nagpore Branch is abont 263 miles in length.  As the line
has not yet heen entirely staked out, no details can, at present, be given ; but its
general charaeter is known to be favorable, and the works are light. The largest
works will be the viaducts over the rivers Nalgunge and Wurdah,

There is no tunnel beyond the Ghauts, npon any of the lines now ander construe-
tion, comprising a length of 782 miles.



CHAPTER XL1V.
TRAFFIC.

248. The arrangements for traffic are under the control of the Zragic
Manager, subject, of course, to the orders of the Agent or General Muna-
ger of the line. Tt is his business to determine what trains are to ran and
at what hours, and to fix the tariffs. In India, however, all such arrange-
ments arc made in concert with Government, whose consent is necessary,
as expressed through its Consnlting Engineer.

The questions of fares for passengers and for the different classes of
¢roode—of working expenses—of the rates of speed to be maintained, &e.,
L., are very complicated, and depend upon a variety of considerations,
which hardly come within the province of an Engincer to decide.

249. The following statistics for 186H-66, refer Lo the E. L. Railway,
the most important line in India:—

The mean length of Railway open for traffic during the year ending
31st December, 1865, was 1,128 miles.

The line on the 21st Deccber, 1865, was stocked as under :—

LowER DIVISION. UrPER DIVISION.
Passenger engines, .. 55 Passenger engines, .. 37
Goods engines, .. 184 H Goods engines, .. 4G

Traflic vehicles of sorts, .. 5,547

The gross earnings for the year, including Steam Ferry receipts, amount-
ed to Rs. 1,84,45,976; the working expenses to Rs. 83,09,310; and the
profits to Rs. 1,01,86,636.

The results of the year's working were very satisfactory, the expenses
forming only 44'5 per cent. of the gross carnings.

Assuming the cost of the Railway to be Rs. 2,00,000 per mile, the
approximate dividend amounts to 4'3 per cent. per annum.

Coaching yielded 368 per cent. of the entire traffic, and merchandize
613 per cent.
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Coaching receipts per train mile were Rs. 4-5-0. Merchandize receipts

per train mile were Rs. 4-6-3.

The total carnings per train mile were Rs. 4-4-6, and the profits
Rs. 2-5-9. The gross carnings average £29 per mile of Railway per

weck.

The following Statement shows the goods traffic of the ycar by classes :—

- )
TRAFFIC 1N GOODS, A";;‘mﬁ‘e
Clnss, -M—m_mdtn:;—'l{;p;s—t—hemn.
: 1865,
n 1865, Tn 1865,
———— _n;'__
oo {0 | S| Bome | d
soonteon, {0 | R | wmm |t
Third class .. . {50 | P00 | sthoghe | 8070
e, (|G| S|
Fitthws, . . . {ibe | 308 | VS | e
Special class, coul, .. b | B0 sTo0 | 355
Spocial class, goods, .. {gbo | JOSTN | 300 o
Total of ll classes, .. {abo | ) I0NGE | BATaor | oais

The following table cxhibits the Dassenger traffic of the last two years

by classes :—

The Passenger Fares are as under:—

First class, ..

Second ,,
Third ,,
Upon Third class be

e .

e s

. e

tween Howrah, Raneegunge,

and iniermediate stations only,.. .

P.

oo-—-;

<
-
-

6 per mile.
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Receipts from
Number conveyed. Averngs Pnssep:l’gm.
Clasaes, |  milesge. |
1865, 18685,
RS.
First class, .. .. .. .. 32,269 126 3,87,710
Percentage of catire traflic,.. 08
Seccond class, e e e 83,276 100 3,91,136
Tercentage of entire traffic, .. 19
Intermediate and third class, 4,133,975 78 5,166,787
TPercentage of entire traffic,.. 973

The traffic of the metropolitan section between Calcutta and Burdwan,
671 miles, greatly exceeds the average of the remainder of the line.

250, 1n order to provide duly for the public safety, regulations are
made from time to time, as to the minimum intervals at which trains are
to follow cach other, and as to the rates of speed to be observed ; maxi-
mum rates being specially fixed for running round any severe curves on
the line, which shounld on no account be exceeded.

Tt has been before observed that, in the casc of a double line, one line is
reserved for the up and one for the down traffic; the terms wp and down
being of course conventional. When a single line only is laid down,
certain stations are appointed at which every train as it arrives, stops, and
is shunfed, until the train coming in the opposite dircction *has also
arrived and passed it on the main line.

In order to work these and other arrangements which are essential to
safety, a line of Electric Telegraph is required along the Railway, as also
a proper code of Signals.  All lines have their own bye-laws and rules for
signals, but those now in use on Knglish or Indian lines arc pretty much
the same.

Signals are either mnveable or fized; the former consist of flags by day
and lamps by night, of different colors. Red, generally meaning danger;
green, cantion ; and white, safety.

Fixed signals consist of semaphores, with arms of different colors, and
which can be raised or lowered or fixed in different positions by levers
worked on the spot, or by means of wires from the station a short distance
off. These latter are called distance signals. There are also Fog or De-
tonating signals, used when the weather is thick.
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251, The following rules are extracted from those in use on one of
the most recently opened English lines: —

SraNaLs.—Color.—~Red is a signal of danger, and to stop. Green is a
signal of caution, and to go slowly. White is a signal of all right, and to
go on. ]

Stop.—The signal to stop will be given by a red flag, disc, or light, or
by the left-hand side arm of the semaphore being raised to a horizontal
position.—Fig. 1.

Go Slowly.—The signal to go slowly will be given by a green flag,
dise, or light; or by the left-hand side arm of the semaphore being raised

. half-way up.—Fig. 2.

Go on.~The signal to go on will be given by a white flag, disc, or
light; or by the left-hand side arm of the semaphorc being within the
post.—Fig. 8. T

When both arms of the semaphore are raised, both lines are ob-
structed.—Fig. 4.

In the absence of regular signals, anything moved violently up and
down, or a man holding both hands up is a signal to stop.—Fig. 5.

A man holding one arm up, is a signal to go slowly.—Fig. 6.

A man holding his right arm in a horizontal position, is a signal to go
on.—Fig 7.

The semaphore signal is invariably made from the left-hand side of the
post, as seen by the approaching engine-driver.

Intermediate Station or Junction.—On a Train or Engine stopping at
or passing an intermediate station or junction, a stop signal must be exhi-
bited for five minutes; after which a caution signal must be exhibited for
five minutes more. On a Train or Engine passing a level crossing or
siding where a signal-man is stationed, the stop signal must be exhibited
for two minutes; after which a caution signal must be shown for eight
minutes more.

Distance SignaLs.—At some of the stations, and at other places on the
line, distance signals are placed in advance of such stations or other places.
These must be placed to * Caution” when the train has to stop at the
station, place, or siding, and so soon as the train has come within them
raised to ¢ Danger,” at which they must remain until the train leaves the
station, siding, or other place, when they will be lowered to caution and
rcmain there three minutes. These signals are intended to warn the
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enginemen and guards that similar signals of danger are exhibited at such
stations or other places. They are, however, merely auxiliary to the fixed
signal in connection with which they work.

Junction Sianars.—Many of the junctions are provided with two
semaphore signal posts; and the signals for each line are shown on the
signal post appropriated to it : the post for the main line being always
on that side of the branch signal post which the nain line takes, whether
it may be to the right hand or the left.

At all the junctions the semaphore arms for day, and the lights for
night signals, always stand at danger; and no Engine must pass without
the arm is lowered to caution, or the green light is shown.

Enginemen will give the following signals on approaching a junction :—
If the train is intended to pass along the main line, the enginemen must
give one long, distinct whistte; but if the train is intended to pass along
the branch, the engineman must give three distinet whistles; in accordance
with which the pointsman will turn the train upon the main line or branch,
as indicated by the respective signals.

Whenever two trains are approaching a junction at the same time, both
are to be stopped; the pointsman will then start that train which ought to
taken the precedence; and passenger trains are always to precede goods,
cattle, or mineral trains. And when there are two passenger trains at a
junction at the same time, the one which is FirsT DUE must be allowed to
proceed FIRST.

Tnay SievaLs.—Every engine belonging to this Company must carry
by night a white light on the buffer plank, for passenger, and a green light
for all other trains.

Every train, after sunset, must carry two red side lights and one red
tail light.

A red board or flag by day, or an extra red tail light by night, attached
to the back of an engine or train, denotes that an extra train is to follow.

LrveL Crossinas, &c., &c.—All level crossing gates of public highways
must be provided with lamps, showing red up and down the line when the
gates are closed across the line.

Ruies ror Excine Drivers.—Each engineman, before starting, must
obtain & printed form, provided for the purpose, upon which he must enter
the quantities of all the coke, oil, tallow, &c., received by him during the
day, as also the number of miles run, under their respective heads; and the
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return must be given in to his foreman every evening, or before ten
o'clock the next morning, under a penalty of one shilling for each neglect
thereof.

Every engineman must have with him the following tools, &c., and he
will be held responsible for having them always in good condition :—

1 Complete sct of screw keys. 1 Screw jack.

1 Large and small monkey wrench. 2 Coupling chains, with hooks.

3 Cold chisels. 1 Tallow can.

1 Hand hammer. 1 Red signal flag.

1 Crowbar. - 1 Time book.

1 Fire bucket. Plugs for tubes, with a plog rod and
Gauge, and head and tail signal lamps. quarter hammer.

Quantity of flax and twine. 6 Detonating signals.

1 Large and 2 small oil cans.

Enginemen on bringing up their trains are to pay particular attention
to the gradients, state of the weather, and condition of the rails, as also to
the length and weight of the train; and these circumstances must have due
weight in judging when to shut off the steam, and when to apply the breaks.

Method of working a single line between the stations 4 and B, with an in-
termediate Station, S.—A Train staff or train ticket is to"be carried with
each train, to and fro, without which no engine is to be allowed to start.

Two train staffs will be employed, viz., one between A and S, red; one
between S and B, blue.

No engine, or train i to be permitted to leave either A, 8 or B, unless
the Stafl’ for the portion of the line over which it is to travel is then at
the Station. If no second engine or train is intended to follow, the staff is
be given to the Guard or person in charge.

If another engine or train is intended to follow before the staff can be
returned, a train Ticket, stating ¢ Staff following,” will be given to the
person in charge of the leading Train, the staff itself being given to the
person in charge of tho last train, after which no other engine or train
can leave the Station, under any circumstances whatever, until the return
of the Staff.

The Train Tickets are to be kept in a box, fastened by an inside spring ;
the key to open the box is the train staff, so a Ticket cannot be obtained
without the train staff.

The Train Staffs, Ticket boxes, and Tickets are painted or printed in
two different colors, red between A and §, and blue between S and B.
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The inside springs and the keys in the Staffs being so arranged that the
red Staff cannot open the blue box; nor the blue Staff the red box; this
is to prevent mistakes at 8.

The Ticket Boxes are fixed by two brackets in the Booking Office, the
brackets being turned up at the end to receive the Train Staff when at the
Station.

The Clerk in Charge, Inspector, or person in charge for the time is the
sole person authorised to receive and dcliver the Staff.

252, The general charge of the engines of a line is under the Locomo-
tive Superintendent, who is assisted by one or more foremen of locomotives.
The names of these sufficiently explain their business. Every engine has
or ought to have its own engine driver, (as well as fireman,) as it is a well
known fact that no two engines though turned out of the same workshops
and from the same patterns, will work exactly alike. The engine driver's
post is one of great responsibility, and requires presence of mind and deci-
sivn of character as well as a thorough knowledge of his business.

Every train is under the charge of a Guard, to whom the engine driver
lovks for orders as to stopping or starting, and who when the train is at &
station is under the orders of the station master. The guard signals to
the engine driver by a whistle, and a means of communication between the
two is provided to be used when the train is in motion and the whistle
cannot be heard. There onght also to be a proper means of communication
between the passengers and guard, by which his atteniion can be called to
any particular carriage if necessary, but though it has often been urged,
on very fow lines has it been carried out.

Every station has a Station Master, assisted by a staff of porters, &c.,
who attend to the local traffic whether of passengers or goods.

Besides these officials there are also at the terminal stations a Good's
Superintendent, a Superintendent of Workshops with his staff, and others
whom it is not necessary here to mention.

For the Engineering duties of a lie when made and opened, there is a
Resident Engineer, with one or more assistants or District Engineers, and
a staff of Inspectors of Permanent Way or Foremen Platelayers, whose
duty it is to inspect their section of the line daily, and see that it isin
proper order; they are provided with gauge rods to see that the gauge is
accurately preserved. )

voL. I 2r



CHAPTER XLV.
HORSE RAILWAYS.

253, Arustoy has been elready made in the first chapter of this
section to light Branch Railways, now under construction in India,—which
are intended to be more cheaply constructed than the main lines, and to be
worked at low speeds. The same principles may be carried yet further;
and in districts where cheapness of construction and working is of more
consequence than speed, horse or cattle power may be advantageously
substituted for the locomotive. -

The saving in such a system will consist chiefly in the lighter kind of
permanent way and rolling stock that may be employed on such a line,
though more saving may also be effected in the sharper curves and steeper
grades that are allowable for low speeds, and in the less expensive cha-
racter of the stations. But it will be better as a rule in censtructing all
such lines to contemplate the probability of locomotives being hereafter
substituted as the traffic develops, and it will generally be bad economy
to estimate any saving on an ordinary railway in the roadway itself up
to formation surface.

The whole question is so obviously one of expense, both as regards
first cost, traffic, and working expenses, that it will be sufficient to give
the best data availuble, and leave the Engineer to apply the same princi-
ples tu any particular case with which he may have to deal.

254, The following estimate, drawn out by Sir William Denison, has
special rcference to the Madras Presidency, but will be found in most
points generally applicable :——

Horse Railway.—The cost of the earthwork, and of the bridges, and
culverts, would be rather less on the railroad than on the macadamized
road ; for while it is not intended to modify the gradients in any way, or
to add to the cuttings and embankments, except on very special occasions,
the width of the road may be less. I do not, however, proposc to make
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any deductions on this account, but shall assume the cost of the earth-
work and bridges and ballasting, at the same sum as for the macada-
mized road, viz., £750 per mile; (see ante p. 183), setting the metalling
against the ballast of the Railway. The cost therefore, of a railroad
will be found Ly adding to the cost of the macadamized road, that of
the purchase of rails, chairs, and sleepers, and that of the labor of fixing
them.

The weight of the rail used at first on the Manchester and Liverpool
line wos 35 tbs. to the yard, and it seems to me that, for horse traction, a
rail 28 ths. to the yard would be amply strong enough ; and as 2,000 yards,
or an addition of 24 yards to the mile, will be sufficient to cover all sid-
ings, &c., 2 X 28 x 2,000 = 112,000 ibs., or 50 tons per mile, will be
the weight of the rails. These can be delivered at Madras at £8 10s. per
ton, and an additional 80s. per ton, making a total of £10 per ton, will
cover the charge for conveyance, so that £500 will be the cost per mile of
the rails delivcred upon the road. Timber sleepers have been found to
deeay rapidly in this climate; I should therefore be inclined to recommend
the cinployment of stone blocks as supports for the rail; in many parts of
thus Presidency, where the gneiss crops out on the surface, the stone block
would be far cheaper in first cost, and far more durable than any other
deseription of sleeper; but, as these may not be attainable generally, 1 pro-
pose to allow for the use of the iron pot sleepers, which have been employ-
¢d on the Railway. For the horse traction line these may be made lighter
than for the locomotive line, but 1 propose to allow for the same weight
and price, that is £1 per pair of sleepers with the connecting tie-rod. 1
shall allow, however, for a bearing of five, instead of four feet; the
cost, under these conditions, of chairs and sleepers will be £1,200 per
mile.

The cost of laying the railway may e put as on ihe Locomotive line,
at 4}d. per yard run, the cost for 2,000 yards would therefore be £37
10s.

In order to make the action of this railroad perfect, it should be pro-
vided with a line of Telegraph; and the cost of this, judging from the
amount cxpended upon that on the Madras line of railroad, will be £90
per mile, .

The whole cost of this railroad for animal power per mile will then be
as follows :—
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£ s d

Earthwork, including ballast or meta.l . . 83 10 O
Bridges, culverts, &c,, . . . . . 82 100
Rails, . . . . . . . 500 0 0
Chairs and sleepers, N e . . . L200 0 O
Fixing ralln, . e e e e 37 10 O
Tequra . . . . . % 0 0
bles and rcst-houses, . . . . . 50 0 0
Sundries, . . e e 40 0 0
Superintendence, &e. Y - . . . . . 7 0 0

£2,627 0 0*

An allowance must be made for the wear and tear of rails and sleepers.
The actual wear of the road itself will be very much less of course than
that of the macadamized road, for the iron rail takes the action of the,
wheel ; if, then, the rails and sleepers are renewed in twenty years, one-
twentieth of the whole cost may be provided as an annual charge; and as
this cost is £1,700, one-twentieth of that sum will be £85. One-half of
the ordinary sum of £30 will be sufficient to cover the cost of other re-
pairs ; so that 85 4 15 = £100 will cover the cost of the maintenance
of the Railway for animal power.

Cost of Haulage.—1 have now, however, to form an estimate of the
cost of conveying the same quantity of goods, and the same number of
passengers, along a Railway by means of animal power.

The number of first-class passengers has been put ut 3,220, or roughly
10 per day, or 5 each way. To convey these one first-class carriage would
be required, which would travel at the rate of 10 miles per hour. It
would be drawn by two horses, and would be capable of accommodating 16
passengers. The distance of 41-25 miles would be divided into five stages,
each pair of horses going a stage out and a stage back, or about 16 miles
per day; a spare carriage would be required and a spare pair of horses.

The capital expended would be—

£ £ sd

8 Carriages, .. .at250 = 750 0 0O
12 Horses, . . . .at 45 = 540 0 O
10 Sets barness, . . . .at 10 = 100 0 O
Total, . £1,300 0 0

152,000 second-class passengers divided by 365, will gl—'s:e 416 as the daily
number conveyed both ways. , It will, however, be necessary to reckon

* This estimate agrees closely with Captain Yule's careful cstimate, in his project for & raflway
in Rohilkund, of a Cattle Draught line, at Re. 26,500 per mile; but this includes Re. 2,683 for plant

snd wagons, which are chargeable to draught rather than construction. It is considerably higher
than Mr. Wilson's estimate for » light Raflway to be worked by locomotives.—[ED,]
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upon some extra pressure occasionally; and carriage accommodation must
be provided for, say, 240 each way, or 480 altogether. Each carriage
will contain 30 passengers, and w.ill be drawn by two horses at the rate
of about 6 miles per hour; travelling the same distance as the horses
drawing the first-class carriages.

The total number of carriages and horses required for the actual work
will, therefore, be 16 carriages and 80 horses; but it may be as well to
estimate for 20 carriages and 100 horses.

The capital expended, then, upon rolling stock and animal power will
be—

£ £ sd
20 Carriages, . . . . . . at250 = 5,000 0 O
100 Horses, . . . . . . at 40=4000 0 0
16 Sets harness, . . . . . at 10= 160 0 O
Total, ... £9,160 0 0
82,000 tons of goods may be put at 100 tons per day, or 50 tons each

way.

Three tons may be allowed for each truck, and 34, therefore, would be
required ; each would be drawn by 3 bullocks, 6 extra trucks might be
allowed {0 meet casualties; and a few extra bullocks should be purchased.
As the daily journey of a bullock may be put at ten miles, the distance of
41-25 would be divided into four stages; so that 12 bullocks would be re-
quired for each truck, 40 x 12 = 480, would be in daily use, or say
500 to cover contingencies.

The trucks ought not to cost more than £100 each, and the bullocks
£15 the pair.

The capital, therefore expended npon the rolling stock and animal
power for the goods traffic will be—

con,

£
4,000
38,250

co®
col

£
40 Carriages, at . . . . 100
600 Bullocks, at . . 7

co»

1

Total, ... £7,260 0 0
The total amount of dead and live stock required for the conveyance of
passengers and goods along a Railway worked by animal power would be
as follows :—

£ s.d.

First-class passen, .« +« + « . 1890 0 O
Second-class do . . . . . . 9160 0 0
Goods,. . a . . . . . . 7250 00
Total, ... 217,800 0 ©

Say £18,000.
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The annual charge may be estimated as follows: —

£ £ s d
Interest upon £18,000, at 5 per cent., . . . = 90 0 0
Wear and tear of carriages and repairs, 15 per
cent,on . . .. 9750 = 1,462 10 0
Cost of re-placing harscs and bullucks, 15 per
cent., on . . . . 1,79 = 1,16819 ©
Repairs and re-placing harness, 20 per u.nt.., on . 260 = 52 0 0
Keep of 112 horses, at £24 each, . . = 268 0 0
Keep of 500 bullocks, at £8 each, = 4,000 0 0
Hire of 20 conchmen, at £50 each, = 1,000 0 0
Hire of 166 bullock drivers, at £10 each, . = 1660 0 ¢
Repairs of stables, at 5percent.on . . . 2000 = 100 0 O
Telegraph, &c., charges as on locomotive line, = 11 90
General charges, including clerks, &c., = 44211 0

Total ... £13485 9 0

This sum divided by the total distance 41-25 miles, will give the charge
per mile for traction, £302 12s. 10d.

255, The following Notes are extracted from a Keport drawn up in 1855,
by Captain Yule, R.E., on a projected light Railway in Rohilcund :—

We have in this country no cattle-draft railway for general traffic, though
we have at Roorkee, and also, I believe, at the great Godavery works,
light railways in operation for special constructive purposes. There is, or
was also, the Redhill railway at Madras, established for the purpose of
bringing road metal into the city; but I find no account of it accessible to
me at present.

Such railways English books now utterly ignore. The idea of railways
for general traffic, had scarcely begun to be taken in by the public mind in
England, when the superadded invention of the locomotive engine took
entire possession of the field. Yet horse railways are still worked, I be-
lieve successfully, in Germany; and in America they were, at the com-
mencement of the railway system, numerous. The Amecrican edition of
% Woods' Railways” contains an accouut of many such.

If they can be worked with profit at all, the advantages they hold out
in the power of working with so much lighter material and less costly es-
tablishment in this country, where so much costly material and costly
management has to be imported for the working of a locomotive system,
must strongly recommend them where there is a considerable, but not
unlimited traffic to be expected.
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In the comparison between animal and locomotive power for the project,
gradients will not enter much into question, excepting at some of the
bridges, and the earth-work will form so small a proportion, probably, of
cost, that little can be saved on i by preferring the former. Steeper gra-
dients may be admitted, if necessary, on the cattle railway, not because
cattle are at all less sensible to the tendencies of gravitation than loeomo-
tive cngines, but because the remedy of additional power can be more
cheaply applied, where wanted.

In such a railway, as we now propose, there would be no object that I
can see in keeping the gauge of the Kast Indian Railway. We make the
railway for cattle draft, and adapt it to that. Neither the way nor the
establishment, will be prepared for locomotives, and it may be as well to
make it impossible for the locomotives, at least of the East Indian Railway,
to come upon the line. We must have a break of line, where we mect the
Kast Indian Railway, and it may as well be a break of gange.

The narrower gauge enables us to make some reduction in the cost of
works and way, and a larger reduction in the cost of wagons. I therefore
propose that the gange should not exceed 4 feet 6 inches.
The rail intended to be used is the flat-soled American
pattern, used on the Croydon, the Birmingham and
(#loucester, and many German lines, giving it a weight
of 30 Is. to the yard.

Esgtimate for one mile of Cattle-draft Ruiliway for a main line in
Rohilkund.

RS,
Earthwork, averaging 4 fect high, and 10 feet wide at top,
slopes 3 to 1, cubic feet 4,64,640,at Rs. 2, .. .. .. .. 929
Sand ballast, 1 foot thick, cubie Teet 36,960, at Rs. 1 per 100, 370
Brick, or natural ballast, } foot thick, cubic fect 18,480, at

at Rs. 6, e ee es se e ee es e e ee L109
Longitudinal timbers, 8 inches X 4 inches, lO,.’ibO running
feet, or cubic feet 2,347, at Rs. 1, .. .. e e ee 2,47

Cross-ties, 883 in number, or cuhic feet 978, at Rs 1 e e 978
Spikes, 4,000 ths,, at annas, .. .. .0 w0 ee e e 750
Laying way, per yard, Rs. 1, .. .. v se ee .o LT6O
LRails, 80 ths. to the yard, 48 tons, at Rs, IGO, er we o es e 1,680

15,923
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Add:—
RS.

For sidings Jyth, B T e ee es 1,592
For culverts and ama,ll bridges brwk-work 6,000 cubic

feet, at R8. 16, .. .. i o0 co@se oo os we  es 960
For large bridges, .. .o <« «. +s 4o se e se <. 8,893
For station buildings, .. .. e¢ c0 er ee ee ee ae 800
Fencing and gates, o o0 o0 ea ai an ae e oas 800
Plant and wagons, .. .. «. e0 a0 ee e .. .. 2,582

Total Rupees per mile, .. 26,5600

‘We have in this countiry an establishment, somewhat analogous to that
of a good railway, in the Government Bullock Train. From data, lately
furnished to me by the Superintendent it appears that the cost of transport
by the Train, averages litlle under 1 anna per ton per mile. And as a
horse can draw at least eight times as much gross weight on a level rail-
way as it can on a level turnpike road, we might divide one anna by eight,
and call that the amount of working expenses per ton per mile.

It is however to be remembered that the Bullock Train establishment is
in happy ignorance of the expenses of road maintenance, which are charg-
ed to another department. Neither is it self-dependent in the matter of
establishment, which for the most part is identical with that of the Post
Office. A part is charged to the Train, but of course this is less than if
the transport system stood alone. And, not to go into other sources of
enhanced expense, the cost of * rolling stock” adapted to a railway will be
in a heavier ratio than in the case of the Bullock Train,

The great difficulty that I foresee on a cattle railway will be that of
keeping our rolling stock within reasonable limits. Draft horses for a
purpose such as ours, can scarcely be said to exist in India, and we must
thereiore look to oxen for our draft. Oxen move slowly, and we must

“consequently keep up a larger establishment of wagons. Such speed as
we expect to gain over that of the present country transport will be rather
by the advantage of relays and constant movement, than by any great
acceleration of rate whilst in motion.

Let each wagon be supposed to carry two tons. For
80,000 tons to be moved at once, we should require ... 15,000 wagons.

These wagons travelling day and night, we may sup-
pose to accomplish the journey of 120 miles in 8 days,
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sud o return in the same, halting on Sundays. We
msy therefore count on the same wagons starting from
Bareilly once a week, or making 43 trips in 800
days. We require, then, to keep up this traffic, .. 850 wagons.

Or allowing 150 spare, 83 our establishment, .. ,, 500 wagons.

The cost of these is supposed to be included in our
mileage estimate of construction. But the carts may be
expected to require renewal at least every five years.

Supposing the cost of & wagon to be 500 Rs. then 232
X 500y o o2 eo oo oo eo Ras. 50,000 for cart repairs (a)

Next for Cattle—

The Bullock Train establishment obtains them at & contract rate of 12
rupees per pair per month. But I fear that ourlarge concentrated demand
would scarcely obtain cattle at so low a rate. Let us ssy half a rupee per
diem for the pair.

Allowing two wagons, or four tons nett to a pair of bullocks (and 12
miles a stage, the practice of the Bullock Train), to carry at once our load
of 30,000 tons, would reqaire

7,500 x ¥ . .. .. . (Rs 75,000)—pairs of bullocks.

Or, divided over 800 days, «. «. (Rs. 250)—pairs,

We may find, however, that we have to pay such a rate as will cover the
hire or keep of the cattle for the whole .year, or 365 days, instead of 300;
hence 250 x 4 R. x 865, Rs. 45,625 for the cost of
cattle (2) .

Establishment it is more difficult to estimate. But as
one reason in favor of a cattle, rather than a steam rail-
way, 18 the expectation of preserving a moderate scale of
establishment, probably something like this would suffice,

Buperintendence of works and traffic, Rs. 1,500

Two terminal stations, +« 0 oo o 700

Ten minor stations, se  ee e gy 1,000

S———

Monthly, ee o ss se . Ba. 8,700
Or Annually, .. 4 o. o« o Bs. 44,400 for establishment (c)
Maintenance of way.— With the slow movement of

a cattle line this ought not to be heavy, say Rs. 150

permile, ., .. .. 150 X 120 = Rs. 18,000 for maintensnce (d)
YOL. II, . 2q
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The account will stand thus s~

Thooonta!wrying!.tontmﬂowﬂlho

Repairs of rolling stock, &c.,
Hire of cattle, . . ..

Maintenance of way, .. ..

Total
Or per mile, *

Ra. 1,58,025
30,000 % 120 e se ss e s

'nnpmmtcmageooltd \‘nmportbyeountrycarﬁsuk&annnper

ton mile.

"

R8.
50,000
45,625
44,400
18,000

e 1,868,095

1,817

0702 Annas,

The gross receipta on 80,000 fons, would be per mile :—

Mlismu, € es es e e
Or@unu, “s 83 e

m&e-xpenmbebg,unbow,
The nett revenus, per mile, will be,
Equal to 564 per cent. on construction, or .,
89 per cent.

.e

e

2818

1,817
1,498
1,027 equal



SECTHON X.—IRRIGATION WORKS.

250, .. Innraarion is either Natural or Artificial. . The former depends
upon Rain, upon Wells, and upon the flooding of Rivers. The latter
comprises two important classes of Works—Canals and Tanks——which will
be treated of in their proper order.

‘With Rain Irrigation the Engineer has nothing to do exeept under the
head of Drainage of Lands; & separate branch of Engineering which will
only be treated of incidentally under this Section.

CHAPTER XLVL
WELL IRRIGATION.

257, With Well Irrigation the Engineer's chief business is to devise
machinery for raising the water, which more properly belongs to the subject
of Mechanical Engineering.

It may be useful however to show the cost of raising water by the
various methods generally used in India,—if only to show the utility
of introducing Canal or Tank Irrigation even in districts already irrigated
by wells. Some idea may be formed of this when it is considered that
the Glanges canal alone is calculated to perform the work of 800,000 men
and 1,200,000 bullocks, besides increasing the produce of well irrigated
crops by 50 per cent,

The three modes in general use for raising water fromi wells in. Indis are
the Paecottah for Bengal (and (I believe) Southern India, when tauks do
not exist), the Mdt or Churus for the N. W. Provinces, Rajpootana, &c.,
and the Persian Wheel for the Punjab.

The Paecottah or Latha, is & lever with a bucket at one end attached by
a rope, and a counterpoise at the other end. It is worked by two men,
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who will work at it from 6 to 8 hours daily, and, it is said,* they will in 6
hours raise 2500 cubic feet of water from a depth of 20 feet. Another
caloulation} however gives 1357 s, of water as drawn from a depth of
86 feet in half an hour, equivalent to 260 cubic feet in 6 hours, and this
result, making allowsnce for the difference of lift, differs so widely from
the first, that neither can be taken as a guide. When the depth is moder-
ate (according to the same authority) three men with two lathas will water
from one-third to two-thirds of an acre daily.

The walking beam is another form of the paecottah, by which one man,
it is said,} can raise 400 oubic feet in a working day of 8 hours from a
depth of 11 feet, which agrees better with the second of the two caloula-
tions given above.

The M6t or Churus used in the N. W. Provinces, and elsewhere, con-
sists of a leathern bag made from a whole ox-hide, which, when filled, is
rdised from the well by 2 bullocks walking down a slope, and emptied by an
attendant on arrival at the top. Bometimes it is fitted with a leathern
pipe at the bottom of the bag, which, by means of a string, can be worked
by the bullock driver from the end of the slope, so as to empty the bag
and dispense with the services of the attendant. Sometimes also by means
of a drum two mdts are worked, one being raised while the other is
lowered.

% Three men and two oxen work a mét from morning until evening,
with a refreshment only of about ths of an hour. In a well 33 feet from
tho surface to the water, & mét in half an hour drew 7210 Ibs; but such
superiority over the lathas is not admitted by the natives, who contend
that three lathas wrought by four men are equal to a mot wrought by
three men and two oxen. This however, I have no doubt, is a mistake,
unless when the water is very near the surface.”§

| From personal measurement we deduce that & leather bag as used in
the North-West Provinces, contains 4'5 (four and a half) cubic feet, and
that two pair of bullocks, relieving each other in the manner above des-
cribed, will raise this bag full of water to the surface of the ground forty
times in an hour. Supposing the bullocks work ten hours a day, and tak-
ing ninety days as the working season, we have the following result :—
45 x 40 x 10 X 90 = 162,000 cubic feet. One acre = 43,560 su-

* Madras Engineer Papers, Vol. II. ¢ Gleanings in Science, Vol. IL. $ Gleanings in Sclence. Vol. I.
§ Gleanings of Science, i Oalcutta Enginear's Journal,
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perficial feet., 122290 — 3.72 acres, covered 1 foot deep with water, as
the result of the labor of two pairs of bullocks and three men, working ten
hours a day for ninety days. Froni the above description of the well
system of Irrigation, it will be seen that it is very expensive, and can only
be of very reétricted application,

¢ Beside the objection of expense in working, this system is quite im-
practicable in large tracts of the Doab, as the sandy nature of the sub-soil
entails the necessity of masonry wells, and it is quite plain that such a well,
costing at least Rs. 500 to even every 20 acres, is entirely out of the ques-
tion. The ordinary well is simply a round hole, lined, for a few feet of
its height from .the bottom with a wooden, or plaited brush-wood casing.”

258, The following Notes on this subject, from Colonel Dickens’s
Report on the Soane Canals, will also be found useful :—

The irrigation of the spring crop is for the most part effected by drawing water
from wells by means of bullocks and the leather bag called & moth. In some places,
where the water is near the surface, the weighted level (lat) is used, but it is a more
expensive mode of raising water than by the bullocks and moth, except where the
depth of the wells is very small,

The wells are not deep, reaching gencrally from 18 to 28 feet below the sarface :*
on the average perhaps 22 feet. But the supply of water is in most parts of the
district scanty, and little more than a foot remains in the wells while the moth is in
use.

To irrigate the crop the water is run through the ficlds in channels, whence it is
sprinkled over the crop with wooden scoops. This mode of irrigation is very inferior
to that practised in other parts of India ¢and for opium in Shahabad) of dllowing the
the water tu submerge the whole field, plot by plot.

With wells of the average depth the irrigation requires two pairs of bullocks (to
work and rest by turns) and two men at the well, besides a woman or boy in the field
to form the channels and sprinkle the water. On an average one motk will water
about §ths of a beegah (§ths of an acret) in & day. A laborer who has reccived an
advance of money from his employer gets 2} or 3 seers (5 or 6 Ts) of ome of the
cheapest kinds of grain as his daily wages, value about 8 pice of 20 or 21 gundas (or
fours) to the rupee (that is 80 to 84 to the rupee, 40 to 42 pice to a shilling). A
laborer not in debt is allowed 4 seers of grain, value about 4 of the pice current in
the district, or §ths of an anna of the Company’s coinage (1} penny) as his day’s
wages. I was not able to form a satisfactory direct estimate of the cost of keeping
up the bullocks and their gear with the math, but I found the established rate of hire
for the two pairs of bullocks with gear and moth is 4 annas (6 pence) a day. The

* This refers to the Shahabad and otber districts in Bebar. In the Punjab the distance to the
murface of the water from the ground is often 40 or 50 feet. The length of time then consumed in
ralsing the Mot makes it inferior to‘the Persian Wheel, hereafter describod, which gives s continuous
stream,—[ED]. . '

+ ‘The beegah of 8,028 square yards is used in Shahabad, -
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cost 4o the proprieiors wonld, I smappose, be something leas. I therefore set down the
cost of one day’s irrigation from wells.

BS. A P R 2 4
2M [ 1] (X a8 .e ae LX) 0 1 G o 0 a
1 woman or boy, omitted, being also required for
m‘l e L) s e 0 0 o o o o
Bullocks and moth, o o e « 086 00 5}
Onedy.ortowmr}thlofsbeegnh,{thm 050 00 7}
To water a beegah once, therefore, costs, w Rs. Q0 8 4
¥ mm, L X ] e o L] LN o0 £ o l 8

The greater part of the spring crop is watered only once or twice in the sesson, but
some of it three times, particnlarly wheat. Wheat in some few places is watered four
times, Whevre the irrigation was industriously applied, I generaily found the rule to
be to water barley twice and wheat three times. The excuse for not irrigating more
in places where the above was not acted up to, was more frequently want of Zume than
want of water. I am inclined to think the real caunse is often indolence rather than
scarcity of labor, Bat for either case the supply of canal irrigation affords a remedy,
s it saves both laborers and tronble.

Excepting in the rich land near the Ganges and a few other favored spots, the un-
irrigated crops of wheat and barley are very scanty, and are said to produce only from
32 to 6 maunds of grain per beegah (256 to 640 lbs. per acre), and those irrigated once
or twice yield only from 4 to 8 maunds (512 to 1,034 Te. per acre), IDrrigated three
times, the crop is said to yield from 7 to 10 maunds (898 to 1,280 Ma. per acre) ; but
the people #old me if they counld irrigate 4 times, nsing abundance of water, they
would get from 10 to 15 maunds of grain per beegah (1,280 to 1,920 s, per acre).

Colonel Cantley states the produce in the Scharunpoor and Bolundshuhur districts
to be about 8} maunds per beegah for unirrigated, and 18 mannds for irrigated, land
(1,089 and 1,703 Ba, per acre). There is certainly a very much greater difference
than this in most parts of Shahabad ; and allowing for some exaggeration in the na-
tive account above given, I think tho supply and use of abundance of water to irrigate
the cropp would doublo the produce of the greater part of the district.

Wataring three times in the imperfeet way above described, costs as above shown
about Ra. 1-9-0 per beegah (b shillings an acre) for the season®, and it is evident that
the money iswell laid out. Doubling the rate of water rent levied in the North-Western
Provinces (that is charging Rs. 1-4-0 instead of Rs. 0-10-0 per beegah), 4 shillings
instead of 2 pér acre, we shonld be able to supply the cultivators with irrigation 25
per cent. cheaperthan they get it now, and, in addition, give them all the advantages
of 4 thorough drenchings for their crops instead of 8 sprinklings. They will besides
have the canal snpply of water all the rest of the year without any further payment,
and will be able to turn it to more profitable account in raising more valuable crops
than the wheat and barley, whieh alone I have calculated upon.

*® Liesut.-Ool. Baird Smith (page 881, Vol. I., Itallan Irrigation) makes it (omiting interest of capi-
tal) £1-11-2}. He has, howswer, oalculated thehire of the men and beasts for the whole year, whils
my oalculation extends only to the period of fxrigating the apring crops. Twking the irrigating
soason At 4 monihw or §rd of the year, the raie comes to £0-104}, The diffarence between this and

my estimate may be owing to the greatar depth of wells and the more liberal acale of irrigstion.
But the wages and cost of bullocils differ greatly from thoss in Shahabad. .
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1 found the water bags used in Shahabad held cn an average about 34 cubic feet of
water. They were worked for short periods at the rate of abous 35 per koun, but that
was not kept up throughout the day, and the total number raised daily was esid not
to exoeed 150. To be sure of making a libersl calculntion I shall, however; teke it
at 800, This therefore I take a8 the bulk of water required for §ths of a beegah (§ths
of an acre) for one watering. For a whole beegah this gives 500 bags (800 per acre)
for one watering, and $,000 (8,200 per acre) for fom* waterings, or & full season’s irri-
gation. But this is for the imperfect kind of irrigation practised in Sbhahabad. To
irrigats thoroughly I shall suppose double the quantity of water necessary, that is,
4,000 bags or 11,000 cubic feet per beegah (17,600 cubic feet per acre).

The irrigating season in Shahabad commences about the beginning of November
and terminates at the end of February. It lasts, therefore, abont 120 days, Now
one cubio foot, of water per second for 120 days is 10,368,000 cubic feet, which will
water 942 beegahs or 588 acres. But this is the supply to be delivered from the
canal, and it is necessary to add to it the quantity required to make up for the was-
tage in passing down the channel, in order to determine the discharge required at
the canal head.

259, The following detsiled calculations of the performance and cost
of various irrigating machines are extracted from Professional Papers,
Vol. 1.

The heights assumed for raising the water in each case are those for which it is
believed the several machines could be most generally and usefully empleyed.

The value of the modalus and the useful effect in each case ave assumed after due
consideration of the structure of each machine and the amonnt of spillage or waste,

1. The Pacoottah—{One man employed).

Water raised 16 feet. Content of bucket = -45 cubio feet.

Number of discharges per minnta = 8. Diacharge per hour = 81 cubic feet.
If we taka the nseful effect or discharge at 90 per cent., we get—

Adtual duscharge per hour = 729 cubic feet = 485'4 gallons.

2, Baling.—(Two men employed).
Water raised 5 feet. Deliveries in each minnte == 20.
One delivery = § cubie foot. Delivery per hour = Meuﬁnﬂaet
If useful effect = 75 per cent., then—
Aotual discharge por hour = 800 cubic feet = 1890 gallons.

8. The Single Mét.~(One man and two bullocks emplayed),

Water raised 40 foet. Speed of bullocks = 2 miles an honr.
Spaco pone over by the bullocks at one lift = 80 feet. Contentof beg == 8 enbic
foet.

Time required for bullocks in turning = 4 minute.

Number of lifts per minate = 1118,

Discharge per hour == 218'6 cubio feet. Usefal.effect = TO per eent.

Actual discharge per Rour = 1485 = 934 gallons,

Taking the modnlus = *9 and the weight of the rope and hag = 48 popnds, the
required traction which the bullocks Lave to overcoma is = 256 pounds. . .,



302 WELL IRRIGATION.

cost to the proprietors would, I suppose, be someothing less. I therefore set down the
coat of one day’s irrigation from wells,

. RS A. P £ 2 &
Qm [ 1] “ee ] .e os o l 6 0 0 ’*
1 mnor-hq,omitted,bun;dm reqniredfor
canal irrigation, . . . . 000 00O
Baullocks and moth, . e . se «Ww 086 0 0 5§
Onedg“y.wionm}thsoflbeegm,}thsme, 050 00 7}
To water a beegah once, therefare, costs, o Re.Q 8 4
Andm, .e 2] o LX) L] oe ﬂ 0 1 s

The greater part of the spring crop is watered only once or twice in the season, but
some of it three times, particularly wheat. Wheat in some few places is watered four
times. Where the irrigation was industrionsly applied, I generally found the rulp to
be to water baxley twice and wheat three times. The excuse for not irrigating more
in plsces whete the above was not acted up to, was more frequently want of time than
want of water. I am inclined to think the real cause is often indolence rather than
scarcity of labor, But for elther case the supply of canal irrigation affords a remedy,
88 it saves both labarers and trouble,

Excepting in the rich land near the Ganges and a few other favored spots, the un-
irrigated exops of wheat aud barley are very scanty, and are said to produce only from
2 to 6 maunda of grain per beegsh (256 to 640 1bs. per acre), and those irrigated once
or twice yield only from 4 to 8 mannds (512 to 1,024 1bs, per acre). Irrigated three
times, the crop is said to yield from 7 to 10 mamds (896 to 1,280 hs. per acre) ; but
the people told me if they conld irrigate 4 times, using ebundance of water, they
would get from 10 to 15 maunds of grain per beegah (1,280 to 1,920 s, per acre).

Colonel Cantley statos the produce in the Seharunpoor and Bolundshuhur districts
to be .about 8} maunds per heegah for unirrigated, and 18 maunds for irrigated, land
(1,089 and 1,702 s, per acre). There is certainly a very much greater difference
than this in most parts of Shahabad ; and allowing for some exaggeration in the na-
tive account above given, I think the supply and use of abundance of water to irrigate
the crops would double the produce of the greater part of the district.

Watering three times in the imperfect way above described, costs as above shown
about Rs, 1-9-0 per beegah (5 shillings an acre) for the season®, and it is evident that
the money iswell laid ont. Doubling the rate of water rent levied in the North-Western
Provinees (that is charging Rs. 1-4-0 instead of Rs. 0-10-0 per beegah), 4 shillings
instead of 2 per acre, we should be able to supply the cultivators with irrigation 25
per cent, cheaper'than they get it now, and, in addition, give them all the advantages
of 4 thoroagh drenchingy for their crops instead of 3 sprinklings, They will besides
have the canal supply of water all the rest of the year without any further payment,
and will be able to turn it to more profitable account in raising move valuable crops
then the wheat and barley, whieh alone I have calculated npon.

© Lient,-Ool. Baird Emith (page 881, Vol. I, Italian Irrigation) makes it (omiting interest of capi-
tal) £1-11-38. He has, however, oaloulsted thq hire of the men sud beasts for the whole yesr, while
my caloulation extends enly to the period of izrigating the mpring crops, Tsking the irrigating
season ab 4 monghs or §rd of the year, the rate comes to £0-10-48. Tha differsnce betwaen this and

my estimats may be owing to the greater depth of wells and the more lberal scale of itrigation.
But the wages and cost of bullocks difter greatly from thoss in Shabished. - -
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1 found the water bags nsed in Shahsbad beld on an average about 8§ eubic feet of
water. They were worked for short periods at the rats of sbont 95 per hour; but that
was not kept up throughout the day, and the total number reised daily was said not
to exoeed 150, To be sure of making a liberal calonlation I shall, however; take. it
at 800, This thevefore I take as the bulk of water required for §tha of a beegah (§tha
of an acre) for one watering, For a whole beegah this gives 500 bags (800 per acre)
for one watering, and 3,000 (8,200 per acre) for four waterings, or & full season’s irri-
gation. But this is for the imperfect kind of irgigation practised in Shahabad, To
frrigate thoroughly I shall suppose double the qtmntity of water necessary, that is,
4,000 bags or 11,000 cubic feet per beegah (17,600 cabic feet per acre).

The irrigating season in Shahabad commences about thebeginnmgot November
and terminates at the end of February, It lasts, therefore, sabout 120 days. Now
one cubio foot of waser per second for 120 days is 10,368,000 cubic feet, which will
water 942 boegahs or 588 mcres. But this is the supply to be delivered from the
emd,mditisnewarywnddfnxtthethtyreqnuedtomakenpforﬂnem
tage in passing down the channel, in order to determine the discharge required at
the canal head.

259, The following detailed calculations of the performanee and cost
of various irrigating machines are extracted from Professional Papers,
Vol. 1. ’

The heights assumed for raising the water in each case are those for which it is
believed the several machines could be most generally and usefally empleyed.

The value of the modulus and the useful effect in each case are assumed after due
consideration of the structure of each machine and the amount of spillage or waste.

1. The Paecottah.—~(One man employed).

‘Water raised 16 feet. Content of bucket = *45 cubie feet.

Number of discharges per minute = 8. Discharge per hour = 81 cubic feet,
If we take the nseful effect or discharge at 80 per cent., we get—

Actual discharge per howr = 72'9 cubic feet = 4554 gallons,

2. Baling~{Two men employed),
Water raised 5 feet. Deliveriea in each minute = 20, .
One delivery = } cubic foot. Delivuyparhonr:iowub:cm
If useful effect = 75 per cent., then—
Actual disoharge per hour = 800 cubic feet = 1850 gallons.

8. The Single Mét.~(One man and twa bullocks employed),

‘Water raised 40 fost. Speed of bullocks = 2 miles an honr. .

Space gone over by the bullocks at cne lift = 80 fest. Contentof bag = 3 enbic
foet,

Time required for bulloecks in turning = ‘4 minute. .

Number of lifts per minate = 1'18. .

Discharge per hour = 218'6 cublc feet. Useful effeet == 70 pereent. . .

Actual dischdrge per Rowr = 1495 = 934 gallons. . :

Teking the modulos = -eu&ﬂnwdgudﬂumpeudhg =Mpouh,ﬂu
required traction which the bullocks have to overcoms ia = 256 pounda.. ...
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4. The Double Mst.—(Oue man and two bullocks employed).
Water raised 40 feet. Speed of bullocks = 2 miles an hour.
Diameter of barrel == 8 fest, Diameter of bullock walk == 16 feet.
Number of turns of bullock per minute == §-4.
Total time for raising the bag == 1'4 minute. Content of bag == 3 cnbic feet.
Discharge per hour by 2 bags = 252 cubic feet. Useful effect = 65 per cent.
Aotual discharge per howr = 1658 cabic fect = 1045 gallons.
Ratio of power and weight == 8 : 16. Total weight to be raised = 460 pounds.
Taking the modulus = ‘7, we get—Work applied = 657 pounds,
Required traction = 124 pounda.

5. The Single Persian Wheel—(One man and two bullocks employed).

‘Water raised 40 feet.

Diameter of driving wheel = 4 feet. Diameter of bucket wheel = 4 feet.

At each turn of the bullocks, 6 buckets are emptied, and assuming the content of
each bucket = § cubic foot, we have—Discharge at each turn == § cubic foot.

Length of bullock walk == 02'8 feet, and speed of bullocks = 2 miles an hour.

Number of turns per minute = 2'8, Discharge per hour = 126 cubic feet.

Useful effoct = 55 per cent.

Actual disoharge per hour = 69'3 cubic feet = 429 gallons.

Buckets are 2 feet apart, Number of buckets required = 40.

Weight of buckets = §0 pounds.

20 buckets being always full, the weight of the water they containis = 156
pounds, Weight of rope = 22 pounds.

Total weight to be raised = 258 pounds. Ratio of power and weight =1 : 5,

Modulus = 0'6. Work applied == 480 pounds.

Required traction = 86 pounds,

8. The Double Persian Whoel—(Ono man and two bullocks employed).

‘Water raised 40 feet. Proportion of gearing =2 : 8,

Diameter of driving whecl == 5 feet, pitch = 892 inches, cogs = 48,

Diameter of bucket wheel = 8 feet 4 inches, pitch = 892 inches, staves = 32,

At each turn of the bucket wheel 8 buckets are emptied, the 2 wheels empty 24
bucketa at cach turn of the bullocks.

Content of bucket == 44 cubic foot.

Therefore : Discharge of water at each turn of the bullocks == 24 cubic feet.

If the bullocks work on a lever of 12 feet, the length of the bullock walk is = 75
foet, and taking their speed at 2 miles an hour, we get—

Bpeed of bullocks per minute = 176 feet.

Number of turns per minute == 2:8. Useful effect == 60 per cent,

Disoharge per hour = 198 cubic feet ==1242 gallons,

The buckets are 1 foot; 8 inches apart, and the well being 40 feet deep, the requisite
number of buckets for each whee! will be == 60 ; 30 being always full on each wheel,
the weight of water on both wheels is e= 6 cubic feet == 875 pounds, which is the
total weight to be raised, as the weight of the buckets and ropes are not teken into
calculation, on account of their balancing each other.

Ratio of power and weight is == 10 : 48,

Taking the modulus of the machine at -5, we get—

Required traction == 156 pounds,
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GHAPTER XLVII.

OA.NA.L IRBIGA.TION—-—MADRAS AND BEFGAL SYSTEMS—
INUNDATION CANALS.

M Caxmavs are divided ‘into two great classes; those of Imgn.tion and
Navigation. The conditiohs required to-develope one of the former class
saccessfully are-—1s8, That it should be carrisd-at as high a level as possible,
8o as to have sufficient fall to iirigate the land for a considerable distance
on both sides of it;'2nd, That it should be a running stream so as to be
fed by continuous supplies of water from the parent river, to make up for
that consumed it irrigating® the lands.

The comditions of the latter are, on the contrary, that it should be a
still water canal, so that navigation may be equally easy in both direc-
tions; and, as no water is consumed except by evaporation or absorpfion,
and at points of transfer from = higher to a lower level, the required
quantity of fresh supply is comparatively small, and it is thus most econo-
mically comstructed at a low level. .An irrigation canal, however, may
and should be, as & rule, laid out so as to serve for navigation as well; the
welocity of the stream being made as gentle as is consistent with its
primary uses, so as to n.ﬂ'ord facilities for boats ascending against it as
easily as possible.

261, It is of Irrigating Omu’ls, as forming by far the more important
class of the $wo, at least as regards Indis, that the ensning Chapters will
principally treat. - In England they are unknown, as the rain-fall in that
country is so considerable, that the operations of the farmer afe principally
directed to- draining the superfluous mwoisture ffom - the soil. .In Ttaly,
where the climate is hotter and drier, there are many fine canals, of which
the late Colenel Baird 8mith has given an interesting record to the profes-
sion. In India they have been used from time immemorial; and at the
precent day, Engineers, aided by-experience of the past, &re proceeding
rapidly in the development of these useful works, which so Iargely contri-
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bute to the prodnctive powers of tlm soil and to the seountyof the country
from famine.

But, it is only of late years that the true prmcxples on wlnch such
works should be constructed have been properly studied, or at all under-
stood. The first' canals opened out by us in India were those which had
been made two or-ihree hundred years ago, in the times of the Mahome-
dan Emperors, and which had become useless by neglect. The alignment
of these was, in all cases, very defective, and as money could only be
spared from time to time for their improvement, cheap and temporary
expedients were resorted to, to bring them into use, and make them pay
as quickly as possible. At first, too, our Engineers, had no experience
of such works, nor was there any available quarter from which it could be
derived. Much, therefore, was done by “rale of thumb,” until the laws of
running canals may be said to have gradually worked themselves out, On
the Ganges Canal, for the first time there was new ground to work upon,
and Sir P. Cautley and his able assistants successfully overcame the diffi-
culties attending that vast project; but much was devoloped during the ac-
tual construction of the work, and, if it had to be done over again, much
would, doubtless, be improved. The Baree Doab Canal, in the Punjab,
(also an entirely new work,) was commenced some time before the Ganges
Canal was opened, and, therefore, has only partially -benefited by the im-
provements suggested since the opening of the latter. Even now, it may
be said, that many important questions connected with canal irrigation
are undecided, but the experience already gained may be fairly summar-
ized for the use of the young Engineer, to be supplemented by his own
hereafter.

262, There may be said to be two distinct systems of canal irrigation
carried on at present in the North and South of India, which may be called
the Bengal and Madras systems, respectively. . The difference between the
two arises from the physical peculiarities of each country.

The Madras system has been chiefly confined to the Deltas of the great
rivers, such as the Godavery, Kistnah, &c.(and consists in throwing an
Anicut or dax across the bed of the river to raise the surface level of the
water, which is then conducted along canals, whose mouths are above the
dam, to the lands requiring it). It is obvious that this aystem is not
applicable to lands at a very high level above ‘the surface of the river, as
it would be impossible to raiss the water sufficiently to overflow them.
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This system is, therefore, confined to alluvial tracts, which have been
formed by deposits from rivers in & state of Hood. - '

Nearly all the great rivers of India are thus-charged with silt during
the rains, In the upper part of their course, whers the nataral fall of the
country is great, and the velocity of the stream is thorefore high, this silt
is ‘carried forward by the water holding it in suspension, and the action of
the stream is generally. erosive, and tends to lower the bed; but as the
river reaches the plains below, the velocity gradually diminishes, and at
last falls below that necessary to carry on the silt, which thus becomes de-
posited. The effect of this is to raise their beds, and cause them to be
constantly shifting their course, and also to raise the ground on both sides
of their banks, often for a considerable width, by successive deposits of silt
when they overflow their banks. Thus, such rivers will not run in the
lowest lines of the valleys, as in ordinary cases, but there will often be a
congiderable fall from their banks outwards. It is evident this gives great
facilities for such irrigation works, as are above described.

But, in the rivers of Northern India, although there is a certain width
of land on each side, (known as the Xhadir,)Which has been formed, as
above; yet, it is, in general, a very narrow strip. The greater portion
consists of a high table land (the Bangur), occupying nearly the whole
extent of the Doab,* and, in general, rising very abruptly from the khadir.
It is, therefore, impossible to irrigate this high land by a short cut from the
river ; the depth of digging would be too great, and the water would never
stand at & sufficiently high level to bo bronght on to the land except by
expensive apparatus for raising it. It is necessary to go back to & point
high up in the river's course, whence the water can be brought on to the
high land by excavation of a moderate depth, and by which sufficient
command of level may be obtained. to overflow the surface.

The land, in Upper India, bears two crops a year, the Rubbee or spring
crop, which consists chiefly of cereals, and other productions of temperate
climates ; ‘and the Khursef or antumn crop, which consists of rice, sugar,
and other ‘troplcal products. As the rivers are at their highest when the
khureef requires water, so obviously, it is much easier te.irrigate this
crop, which, however, generally gets a liberal supply from the falling rain.
But the rubbeec, which is by far the more valnable, requires water when
the rivers are at their Jowest, and rain is always unecertain. ‘

% Doab, do (Lwo), db (waser). Country between two rivers.



BENGAYL SYSTEMS—INUNDATION CANALS. 309

263, After the above explanation, we may now progeed to describe the
simplest kinds of canals used in Upper Itdia, which are generally known as
Inundation Canals, of which there are many existing along the borders of
the Punjab rivers, by which the khadir or low land is irrigated. Cuts are
mede from the river inland, for a certain distance, and are then carried in
a direction generally parallel to'the fall of the country, or the course of
the river. By these, when the latter is in flood,  the autumn crop is wa-~
tered. But, in the cold season, when the river is low, the canals run dry and
the spring crop thus derives .no benefit from them, During that time of
year, therefore, laborers are employed to clear the canals of the silt which
was loft by the waters in their beds or heaped up at their mouths, varying
from 1 to 6, or even 10 feet in depth. The irrigation is carried on by meahs
of branch canals leading from the main one, whence the water is carried
by minor channels on to the fields. When the levels do not admit of
surface irrigation, the water is raised from the canal itself by the Porsian
whecl, or a temporary dam is placed across the channel to raise the level.
Many of these canals have been made for the last 300 years, and are still
in good working order, though kept so only by continual labor; their
conrse is very crooked, following every winding of the ground, having
been, in fact, laid out without the use of levelling instruments. No feo
or tax i levied for the use of the water, but in general, the zomindars
through whose lands these canals run, are bound to find laborers to keep
them in repair (who work either gratis or merely receiving their food),
with occasional pecuniary essistance from Government. The main chan-
nels vary in length from five to fifty miles, but they are gencrally too
narrow for navigation,

There are no works at the head to control the supply of water, for the
course of the river is so uncertain, that it may completely desert the head,
and the water may have to be bronght in by a new mouth excavated for
that scason, which again may be uscless in the next, or the bank of the
river may becut away to such an extent as to involve the head works in its
foll. Under any circumstance, there is always a considerable deposit of
silt ab the head, which would naturally be increased by amything in the
shape of a-dam.

The silt excavated from the Led during the cold seasonm, is usually
heaped up close to the edge in rough spoil banks, and is constantly falling
in, while the tortnous course of the channct also causes large deposits of silt
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at the bends. The accumulation is still further incveased by the water.
having no exit at the tail of the cafial, which usnally terminates in & series
of small channels in the middle of the district. The labor'of clearance
thus becomes & heavy annual charge or draw-back on the bensfits reccived
from the ‘water, and the numerons deserted channels in various parts of
the country show that, without such labor, these canals would soon silt up
and become useless. Bat, in spite of all defects, they are highly prized
by the people, and the Government has, at different times made large
grants of money for improving some and opening out others.

Their nature and the direction which such improvements should take,
will appear further on, as we treat of permanent canals. They may briefly
be said ‘to be, straightening the conrse, thorough clearance of the channel
with due attention to the slope of bed, improvement of the banks and pro-
per disposal of the spoil earth ; and, finally, where feasible, establishing a
control over the water at the head, and giving it a free outlet at the tail,
of the canal.

264, The following paragraph is extracted from a Memo. by Lieut.-
Col. Anderson, R.E.,, on Irrigation in general, and Inundation Canals in

particular :— -

Irrigation by means of canals is chiefly applied to tracts of country which have
been formed by the gredual deposit of alluvial matter, from rivers in a state of flood.

sThe deposit from the inundation begins to take place at the points where the velocity
of the stream is checked ; and this being along the margin of the channel, an inunda-
tion of the country through which a river passes, will leave behind it a stratum of silt
in the form of & wedge, the thick end of which is on the river bank.

In the course of time, successive annual inundations will thus have formed a slope
away from the banks, resembling the ghcls of a fortification, The width of this slope,
will vary according to the nature and size of the river. It may be only 200 or 800
yards, and beperceptible to the eye, or it may extend to the distance of many
miles.

The feature above desctibed is not 6nly to be found along the main channel of &
river, bu! dlso along its branches, No very cxtensive tract of country has been
formed by the inundation and consequent deposit from a single stream, On the
conteary it must have been the work of meny.

The channels of all rivers, unless when confined by rocks, have been more or less
linble to change - their comrse. By referring to a map of any Delts, the reader will
observe that the characteristic of the Delta form, is that a river as it approaches the
sea, shonld split up into two or more branches or arms, which again may be subdivid-
ed into smaller ones. "Each branch has a tract of country within its influence, and
serves o extend the avea of alluvial dapout, cither bymilingm banks, or by extend-
ing the Delta seaward.

1t is & common occurrence to find dry beds of rivers in alluvial plains, possessing
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all the characteristics of the existing channels, In some cases channels may be foand
of such capacity as to show withont doubt, that they are deserted beds of the main
stream ; in others there may be indications of & partial and gradually diminishing
sapply having reached them, which, by successive anmnal deposits, has curtailed
their section to such an extent as to admit of their being adapted as irrigation
chantels, or if loft entirely in their natural state, such channels may be silted up
completely by successive deposits from flood water, and by drifted sand and dnst,
until they may be no longer perceptible, and all that is left to mark their courseisa
ridge of high land.

It will thus be seen that an alluvial plain (so called) is not made up of an equable
deposit of alluvial matter to the right and left of the main channe] of a river, but on
the contrary by that from & number of channels, some of whichk may subsequently be
obliterated. ‘The fall of the country also, instead of only followmg the course of the
main channel, will be affected equally by all the others. Intermediate between the
channels, the ground will be low, and the line formed by the intersection of the two
planes sloping away from their respective banks, will evidently indicate the course in
which the drainage from those plains will tend to flow. Such lines will be found also
on the cxtreme boundaries of a Delta,~rcceiving on one side the drainage of a por-
tion of the Delta, aud on the other that of the country independent of it.

After these remarks it is time to explain that the irrigation of a tract of conntry
is based on very simple principles. Supposing that & supply of water is required for
the land near the bank of a river, which has ccased to over-flow it, but which may
rise to the lip of the channel, then as the conntry falls away from the river, it will be
readily nnderstood that a cut through the bank will give the means of irrigating the
ground beyond. This may be considercd the simplest form of irrigation. Again, if
the smrface of the river falls so considerably below the lip of the channel, as to be in-
capable of supplying water to the ground at a distance, by means of a cut carried at ,
right angles to tho course of the river, the difficulty may be surmounted by excavat-
ing a channel in an oblique direction ; for the course of a river is never straight, and
an artificial chanoel may be formed in a straight line, which will carry the water to a
bigher level, than that of the suxface of the river at any point opposite to it. For every
mile of its conrse, it thus gains something on the surface level of the river, and it be-
comes a matter of simple calculation to find how far it will have to be carricd, before
the water issues on the surface. For instance, if the fall of the river surface is one foot
per mile, but with a tortnous course of one half more than the direct line, an artificial
channel with a fall of one foot per mile, running parallel to the general course of the
river, that is from point to peint of curves, will for every mile of cutting gain six
inches on the river. So that if the surface of the water at the head of the cut were
ive below the lip of the channel, it would gain that amount on the river in ten miles.»

If the cut were excavated in ground on the same level as that on the margin of the
river, the water it carried would then come to the surface and be available for irriga-
tion ; but as the ground falls at right angles to, as well as with, the course of the
river, the required level would be attained by a cut less than ten miles in length ; or
if the fall along the cut, were less than one foot per mile, say six inches per mile,
the water wonld come to the surface in five miles, or less according as the gronund
might be level, or stope off in the direction of the cut.

It will be readily understood that the high ridges and the old chaunels, above des-
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eribed, indicate the most suitable alignment for a series of Irrigation channels, The
ahject wonld be to eonduet the water from the river to the orest of such high lands,
and then, for the channels along them, to arvange as far as may be precticable, that
the excavation, shall be no more than sufficient to furnish the material required for
the embankments, which shonld retain the water at as high a level as possible, con-
sistent with their stability, If tho dopth of water admitted into the head of the
main chamel is maberially less than what is due to the river &b its full height, the
depth of the excavation at the head will increase in proportion to the difference ; and
it will then be an object, in order to make the cutting as inexpensive as possible, to
carry the line of the chammel throngh low gronnd, until the water would flow on the
surfacé, The irrigation limit is then reached, and the channels should be continned
along the highest ground, that will allow of the water continuing on the same level
with it or sbove it, a8 may Le found most suitable for the locality. If the ground
were level on both sides of the channel it would in many cases be indispensable to
-have the surface of the water above it; but in the other hand the soil may be ill-
adapted for withstanding pressure, or for preventing percolation ; and to avoid the
oceurrence of breaches, it mMuy be desirable, to keep the height of the embankments
within very moderate limits, '

Heads of Inundation Canals.—A channel opening dircct from a river, and un-
provided with a sluice or other regulating work at its herd, is subject to the two
following disadvantages. It is subject either to have its supply increased to an in-
ordinate extent during high freshes, or to have it cut off altogether, In one casg the
current of the river may set on the mouth of the canal, or on the bank above it. If
the soil is liable to erosion, it will be cut down and washed into the canal : the head
of the canal itself would bhe enlarged ; and such destractive action would only bo
limited by the duration of the fresh. The greater the fall of the caual in this cuse

, the greater the evil. Ur, on the subsidence of the higher fresbes, the strcam may
have moved to the opposite bank of the river, leaving a mass of sand banks between
it mnd the head of the channel, which it wounld be impossible to cut through in time
to replenish the sapply. In this casc the loss the fall of the chaunel the greater the
evil. Both the above contingenecies must be conimon in all Irrigation chaunels which
are opened from a river with a shifting bed. In the latter, a temporary buud may in
some cases be effectual in replenishing the channel, but it has generally to be con-
structed before the freshes have finally ceased, and is very liable to be destroyed just
a9 it is comploted. Though a new head may be formed through the sand banks for
the next scason, it is next to impossible to cut through them at the cloge of the rains,
with g falling river, and when the water under the surface of the sand bank stands
on a higher level than that of the river.

The violent action on the mouth of the channcl when the river sets against it, may
be checked by revetments, groynes and such like defences, but they must also have the
effcet of diverting the action of the stream from its natural course, and thus tend to
throw it off towards the opposite bank. Supposing that there were no other dif-
ficulties to surmounnt but the two I have specified, they might be overcome by the
construction of & head sluice, with defences against encroachment, and of a groyne
running from the opposite bank, so as to force the stream of the river to pass along-
side the head sluice, In many cases however the construction of such & groyne would
be impracticable. The river might be too large, suitable material not procurable,
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and the expense of maintenance of the groyne itself, and the river defences which
it would necessitate, would be too great, to be justifiable, unless the channel were
of very high importance,—and in that case a dam or anicut across the river would
be more efficacious than a groyne.

It is an ohject of high importance to fix the heads of channels in positions where
they will be least linble to silt up, in order that they may bave no greater obstacle to
contend with, than what is incviiable,—that is, the chance of an insufficient height of
the freshes. Unfortunately, unless in a river which flows in a permanent channel, it
is impossible to find a site, where the head of an irrigation ehannel will not be expos-
ed to silting.  The advaniages of any sites will only be relative: no general rules,
either, can be laid down for selecting them ; so much mnst. depend on local pecu-
liaritics that what might be songht after on onc river, would have to be carcfully
avoided on another. It will depend on the nature of the soil, full, &c., and the height
of the water, whether it is advantageons or otherwise to expose the head of a
channel, to catch the full effect of stream in the river. In some places this might
be a desideratum, in others il would simply destroy the channcl.

T will therefore confine myself to a few observations on particnlar cases on which
I have fouud channels to be defeetive or otherwise.

When opened so as to have the stream in the river bearing on the head as much
as possible.  If the soil is not eatremely tenacious, the hanks at the head of the
cliunnel will be washed down, and the material thus displaced will block up the chan-
ael, If the sides of the head are vevetted, a great part of the evil ay be averted, but
i will be fonud that this will not prevent sand hanks acemunulating in front of the
wontl, and if the stream acts on the bed, u large quantity of material may be carried
fo. ward to the lower poitions of the channel.

If a canal is opened from a bank which the river shows a tendeney to set against
aud ent down at any point ahove the head, then there must be evident danger of the
canal being choked up by the material which would be washed down.

In the case of a river which is Tiable to occasion mischicf of this kind, the most
enitable peing for opening a channel is where there will always be a sufficient depth
of water without any violent stream acting on the hanks.  Perhaps the most sunitable
of all conditions would be if the river passed at right angles 1o the head of the
clisnnel, but as there conld be no certainty of its continnine in that dirvection, it
wonld be better to avoid snch a site, and to scleet one where the water would be
eomparatively stagnant.  For instance, if the viver flows in the divection shown in
’ the adjoining diagram after receding from a curved channel,
which it may have formerly cut for itself by encroachment on
the hank, or if A he the tail of acreck or arm of the riyver which
leaves the main channel at some point higher up, there will be
a backwater there, and, althongh the stream may pass over the
sand bank or island with eonsiderable velocity in the freshes, it

_' t will be less than that of the main stream, and less likely to do
l\k \ mischief. The point A would therefore be a good site for the
R ‘. head of the irrigation channel. TL must be observed that the
& " backwater may be of recent formation, and that its month may
"/‘:\\ tend to advance down-stream, so that care should be taken to

have the head of the channel sufliciently low down to guard
againat the contingeney of the channel in front becoming dry, and at the same time
not go low as to bring it within the influence of the main stream.
VOL. I1. 28

<
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Tt will frequently be found that there is no eligible site for the head of a channel
in the bank of the river in an interval of many miles. The river may have receded
towards the opposite bank, leaving a mass of sand banks between it and the point
where the channel may be required. In snch cases, however, there is gencrally the
dry channel of the river or of & branch of it, running along the foot of the bank, and
it may be necessary to follow it up to its head, and perhaps to clear it, in order to
make use of it as an artificial chunnel. The head of such a chanuel, if there is any
choice on the matter, should be seleeted on the samne principle as that of an artificial
channcl, care being taken to hing the bank as much as possible, or at least to remove
all the soil cxcavated, to the side which will be furthest from the action of the stream
in freshes, or it would otherwise be washed into the channel.

In sume cases there may be no alternative, but to ent throngh the head of a sand
bank with the knowledge that the effect of any excavation will only be temporary.
There will then be great danger of the snpply failing when the river subsides, and
should it do so, there will be no remedy, unless it may be that the creek leading to tho
canal may he large and may derive a partial supply, though on too low a level to
soffice for the wants of the caval. In this case, a bund across it immediately below the
head of the laiter may he of some service.

ITead Shrices—I{ the canal is to be furnished with a sluiee, it shonld be constructed
as noar the head as is consistent with its stability. If the hank of the river, and the
head of the chunnel can be rendered sccure against injury at a moderate expense, by
means of reveiments or groynes, the cfficiency of the canal would be much promoted
by constructing them ; but if the river is not tolerably permanent, and there is the likeli-
hood of the canal head being left at times high and dry, with the necessity of opening
a new head at some point higher up or lower down the river, the sluice and works
connected with it wonld be rendered nseless,  When however there are no snch disad-
vantages to contend against, it would seem highly desirable that every chammel shonld
have its head slnice, in order thut any excessive supply of water may be prevented
from entering.  Unless it is bailt at the head of the chaunel, this advantage cannot
be obtained without the inconvenience of a deposit of silt in the channel between the
head and the sluice. The extent of this will of course depend on the height of the
water, and the time doring which it is held up by the sluice,  XE the interval between
the sluice and the head is considerable, this evil, would be serious ; and in many cases,
it would he better to construct the slvice at the head, with the chance of its being des-
troyed. ‘This, however, is a question to be decided separately for each case on its own
merits. Jf a sluice is required to prevent inundation, and if disastrous effects wounld
ensue from its destrnction, it might be advisable in such cases to have a second sluice
in reserve, at & sufficiently safe distance from the head.

Slope of Bed.—Where the fall of the conntry is tolerably uniform, the slope of
the bed of the main channel should be less than that of the branches, which again
should be less than that of the minor channels and cuts. The object of thisis to
secure as far ns possible a mniform velocity, so that the alluvial matter held in sus-
pension may be carried on from the hcead, and deposited uniformly over the Jands
irrigated.

As to the actual fall which should be given to the main trunk of . .anal, apart
from the comsideration of expemse or in fact any considerations, but that of the
maintenance of the channel in good working order, T would name 6 inches per mile,
in preference to any other, for alluvial soil of moderate tenacity—on the supposition
that the depth of water will be from 6 to 10 feet, and the width considerable (say
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100)—being nearly the same that 1 huve observed has been adopted by channels in
their nataral state, in similar soil, I would by no meaus insist on this being the
best fall in all cases,

T assume the slope of bed to correspoud with the slope of surface, but it may be
desirable to cut down the head of the canal, so as to yicld a smaller slope of bed, in
order to obtain a supply of water at an earlicr date in the scuson. But the bed always
tends to follow the slope of surface, as will be obvious from the consideration, that if
the depth is greater towards the head than it is at some point lower down, the velo-
city (supposing the width to be the sane) will be less, and silt. will consequently be
deposited until the velocity thronghout becomes uniform.  Such a diminished slope
at the head must therefore render necessary a considerable annual clearance.

On the assumption that a surface fall of G inches a mile, or say 1 in 11,000, is
suitable for the main channel at starting, with a width of 100 feet, I proceed to show
the rate at which the fall should he increased as the supply hecomes less,

Let us suppose that branches are drawn off, taking a certain proportion of the
water, and that the width of the main channel is reduced by successive degrees to
a width of 80, 60, 40, and 20 fect, and that the depth is reduced suecesgively to 53,
5, 43 and # feet, but that the veloeity thronghout is muintained, at what it had at
starting with a width of 100 feet, depth 6 feet, surface fall 57 inches per mile,—
namely, 2-1 feet per second. By meaus of the hydreaulic fornula, I find the fall of
surface required in the different eases will be 6°4, 7, 7°9, 10°3, inches per mile.  From
the terminus, let o channel leave with a depth of 3 feet and width of 10 feet reduced
after comsuption of a portion of the supply of water, to a widih of 6 feet and depth
of vy feel; the velocity to be the same as before. The fall required for these
channels will then be 14°5 and 195 inches a unle ; and if we suppose the length of
cach of the first mentioned channels, or reaches of channel, to be 10 miles, and that
of each of the two last to be 5 miles, the whole fall from the head will be somewhat
more than 45 feef, and the whole distanee being GO miles, the avernge would be 9
inches per mile.  If the fall of the country did not admit of so high an average, it
nizht be easily reduced by maintaining a greater depth in the channels and diminish-
ing the width. If for instance, in the case above-mentioned, the depth for 50 miles
bad been maintained at 6 feet, the total fall required wonld only hasve heen 26 feet,
or on the average 6} inches per mile.

The ahove will Le suflicient. to iudicate the mode in which the slope of the channel
should be regulated in order to prevent acenmulations of silt.  In practice a canal is
never perfeetly aligned on this principle, but unless it can be shown to be defective,
as 1 have no reason to think can be done, every endeayour should be made to adhiere
to it, in designing a system of Irrigation works, so {ar as local pecnliarities and other
cirenmstauces permit.

The accumulation of silt in channels, particalarly in the main channcl, is not only
a serious impediment to maintaining a supply of water till the crops are matured,
but the clearance may be enormonsly expensive. Even il the silt cannot be carried
on to the ficlds, as in & perfeet canal, at least one step in advance is gained, if it
18 prevented flum accumulating in the main chaunel ; for the maintenance of the
supply in it is the most essential point, and if there are deposits in the branches
only, it may be possible to clear them in turn, withont eutting off the supply from
the river ; or if this might not be feasible with the branches, it would be so st
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all events with the smaller irrigation channels ; and it would not only be advantageous
to throw on the silt to them, and to clear them in turn, without cutting off the supply
of water from the branches, but the clearance would evidently be much less costly
from them, than it would be from the larger channels,

When the fall of country is so gentle as not to allow of the fall of the channels
being gradually increased from 6 inches a mile, it would be necesssary to reduce the
initial slope somewhat. A very slight reduction, would, us it affects the whole of the
channels onwards, in the aggregate, amount to something considerable.

If, on the other hand the fall of country be too great, the initial slope may be
increased, with, if nccessary, o rednction in the depth of water; or if the fall of
country is rapid at first and afterwards morc gentle, the desired result may be attain-
ed by constracting perpendicular drops at intervals.

Any change of direction causes a certain loss of velocity, and the water thrown
into branches and minor channels would lose veloeity, in passing through the head-
sluices, unless they possessed the full water-way of the channel. Due allowance
would have to be made for this by adding somewhat to the slope at the heads of the
branches and channcls,

The principle above described of the neccessity of keeping up the veloeity to the
point of the delivery of the water, is so obvious, that it must have occurred to every
one, who has had much to do with Irrigation works ; and I should not have thought
it necessary to dwell upon it, at such length, had I not reason to believe that it is
very much lost sight of in practice.



CHAPTER XLVIII.

PERMANENT CANALS—SOURCE OF SUPPLY—AMOUNT OF
WATER REQUIRED—SLOPE OF BED-—SECTION OF
CITANNEL—ALIGNMENT OF CANAL.

265, W now come to Canals of Permanent Supply, of which the
greatest examples now in use are the Ganges, Baree Doab, and the East
and West Jumna Canals.

The first point to be considered in designing such a work is, the Source
vf Supply. 'This will always be & river carrying a perennial stream (in
Northiern India fed by the snows of the Himiilayas); and the only question
i, at what point in the river's course we shall take off our supply, i. e,
fix the head of our canal?

From what has been said above (p. 308) it will appear that this point
must be high up on the river's course, so as to obtain plenty of command
of level, and get on to the high ground without much heavy digging ; and
it will generally be found, that for this purpose, it is necessary to go either
to the spot at which the river finally leaves the hills to flow through the
plains, or to a point, at any rate, not far below that spot. Morcover, at this
point the water (except in freshets) is pure and free from silt, the great
enemy of canals, and the course of the river is restricted within narrow
limits, so that by dams thrown across the river bed, we can easily divert
the water into our new channel.

The above considerations are so important, or rather, percmptory, that
they outweigh the disadvantages of the arrangement, which are, indeed,
very serious. For, the country so close to the hills having generally an
excessive fall, and being, morever, intersected by hill torrents, the carrying
of the canal through such irregular ground entails serious difficulties, which
require the greatest engmeermg skill and a large expenditure of money,
to overcome them.
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The selection of the exact spot for the head of a canal is a task requiring
much careful consideration. The chief principles by which the selectiop
will be determined, besides those already indicated, will appear as we pro-
ceed. )

266, The next question is, How much water do we want ? for on this
depends the size of our canal; and this is determined partly by the area of
land to be irrigated, and partly by the quantity of water that can be obtain-
ed from the river when at its lowest. In Northern India, however, the
erea of land requiring irrigation being practically unlimited, the question
becomes, * How much water is available from the river or source of sup-
ply at its lowest?” For though at first sight it might appear feasible to
make the canal channel large enough to carry an extra quantity of water
when the river had plenty to spare, experience has proved that as this extra
water would be available for one crop only and that the less valuable one,
the advantage of this arrangement would rarely compensate for the extra
cost required to be incurred on the channel and masonry works. The mini~
mum discharge of the Ganges is reckoned at 8,000 cubic feet per second at
Hurdwar, where it leaves the hills, and the Ganges Canal channel is made
to pass 6,750 cubic feet of the above supply. It might, at first sight, be
imagined that the abstraction of so large a quantity of water from a naviga-
ble river would seriously interfere with the navigation below, but, the dis-
charge above noted is only that of the visible stream. The water above
sinks down through the permeable strata of the bed and reappears below
the point where the canal is taken off, and experience has shown that in
the lower parts of the river, the interference with navigation caused by the
large amount of water abstracted above for the canal, is practically not felt.

It is evident that the effective work of a cubic foot of water discharged
from the canal, for irrigating the land, must depend upon variable data,
such as the nature of the soil and the crop, the distance the water has to
be carried on to the land from the main channel, the humidity of the at-
mosphere, &c.

The average assumed for drawing out the projects for the Baree Doab
and Ganges Canals (derived from data afforded by the Jumna Canals)
was, that each cubic foot per second of discharge was capable of actually
irrigating 218 acres ; and reckoning that for each acre actually watered
there wonld be two other acres either lying fallow or being watered from
wells or rain, then each cubic foot would represent 654 acres, (say one
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rquare mile,) of culturable land, more or less dependent on the Canal. In
the Soane Canal Project (1861), Col. Dickens reckons three-fourths of &
cubic foot of water per second, for every square ‘mile of gross area,

By the Report of the Superintendent General of Irrigation, for 1860-61,
each cubic foot on the Eastern Jumna Canal, actually irrigates 296 acres.
In Madras, one cubic foot per second of discharge is reckoned sufficient ta
irrigate 40 acres of rice, or 100 acres of sugar. Our canal data are as yet
too imperfect to be able to speak precisely on these points, and it is
evident that the conditions are very varying. 8o long as the present
gystem is continued of paying for irrigation according to the area watered,
and not according to the amount of water taken, it is evident that there
will be great waste,

The method of calenlation adopted by Sir P. Cautley in the Ganges
Canal, was to reckon the expenditure of water per lineal mile of canal
which from practical data was taken to be 8 cubic feet as the maximum.
In the Sutlej Canal project, 6 and 7 cubic feet have been taken. This,
however, presupposes that the main and branch lines have previously been
fixed upon; it is a very convenient form of calculation, as it enables us to
regulate the size of the channel along the whole course of the canal,
diminishing it as the water is gradually expended.

If the canal is to be a navigable one, a certain minimum depth must be
assumed everywhere, so that the amount of water required for that mini-
mum must be allowed over and above the quantity to be expended on irri-
gation. Ou the Soane Canals, 600 cubic feet per second have been set
apart for navigation alone; on the Baree Doab Canal, 130 feet; on the
Ganges Canal, 400 cubic feet.

A large area of the land through which the canal takes its course may
be unfit for cultivation. The soil may be bad or swampy, or it may be
reserved for forest or grass preserves, or occupied by towns or canton-
ments. All this has of course to be taken into consideration in fixing the
area actually available for irrigation, whence the amount of water required
must be determined.

Suppose we desire to irrigate & particular district, say 200 miles long
and averaging 40 miles broad, lying between two rivers by cutting a canal
from one of them, and carrying it along the watershed of the country.
The total area of such a district would be 8,000 square miles. Now of
this our maps would show us (say) that 1,500 square miles were khadir
land, which could be irrigated by wells or by small canals cut from the
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river, leaving 6,500 square miles of dangur to be provided for, from which
another 1,500 would very likely be deducted for town sites, swamps, forests,
&e., leaving 5,000 squere miles actually requiring irrigation. At the
rate of 1 cubic foot per square mile, this would require a canal with a
minimum discharge of 5,000 cubic feet per second. Or, if we reckon 8
cubic feet as required for each lineal mile, we should require 625 miles of
canal; but, practically, the lines of irrigation would be first arranged on
the map from the levels, and thence the amount of water would be deter-
mined and might be compared with the area calculation.

Should the amount of water required not be obtainable from one river
only; it is possible it might be feasible to take a supply from hoth. If
not, then the greatest amount that can be obtained from one when the
river is at its lowest must, for the reasons above given, be assumed for the
calculations.

267, Width of Channel.—The proportion of depth to width on the
Western Jumna Canal, being that which the stream has in course of years
formed for itself, was found by a series of trials to be about 1 in 13. On
the Baree Doab Canal, the proportion fixed in construction was 1 in 15;
for the Sutlej Canal, 1 in 14. It is evident, if the canal is to be naviga-
ble, that the minimum of width must always be sufficient io allow of two
boats passing each other, while a minimum of depth (usually 24 feet),
must also be allowed to float the boats.

The side slopes of the canal channel will be arranged generally accord-
ing to facilities for excavation, for unless the slopes are made very flat, or
are turfed at a great expense, the action of the water will in ordinary soil
quickly cut them to the shape at which they will ultimately stand firm.

268, Having determined the guantity of water, and fixed the propor-
tion of depth to width, and a minimum for both, chiefly with reference
to navigation facilities, there yet remains a very important question to
be determined before we can devise the section for our channel, that is
the Slope of the Bed.

If this slope is too great, the bed of the canal will be torn up, and the
foundations of all bridges and other works will be endangered. Besides
which, the difficulties of navigation against the stream will be largely in-
creased.

If, on the other hand, it is too small, a larger section of channel will be
required to discharge & given quantity of water, and, as will be explained
further on, many additional works will be required in the shape of Falls,
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Locks, &e.; there will also be danger of silt being deposited in the bed, or
of the stream being choked by the growth of aquatic plants. ‘

It is therefore necessary to steer clear of both extremes; but it is not
always easy to do so, and in general a compromise has to be made. More-
over, as the velocity increases very rapidly with the depth, it is evident that
‘a slope of bed which might be a very proper one for water of a certain
depth, would be too great if it were necessary to increase that depth so as
to throw an extra supply into the canal.

The minimum velocity required to prevent the deposit of silt or the
growth of aquatic plants may be said to be about 1} feet per second, so
that if a minimum of depth be fixed, we can find the minimum of slope
necessary Lo secure any given discharge. Under ordinary circumstances
this may perhaps be fixed at 6 inches per mile, though it is occasionally
even lower than that.

The maximum is not however o casily fixed. It must in the first place
vary with the nature of the soil of the bed. A stony bed will stand a
velocity of 3 feet per second, while sand will be disturbed by a velocity of
6 inches. Again, the maximum velocity at which a boat can be navigated
against the current at a profit is evidently a very intricate problem, de-
pending on such varying data as the moving power employed, whether
stcam, animals, or men; the description of boat, value of the cargo, &c.
And without such a calculation for any particular locality, it is evidently
impossible to determine whether it is worth while to undergo a heavy
additional expense in reducing the slope (and, consequently, the velocity) of
an irrigating canal in order to fit it better for navigation purposes. If the
saving thus effected on the total traffic annually conveyed would defray
the interest of the increased capital required for the proposed reduction of
slope, then it would doubtiess be desirable to make that reduction, looking
at the question from that point of view only. But there is a limit to the
reduction of slope beyond a certain minimum, as explained above, owing to
the paramount necessity of preventing the deposit of silt in the canal
channel, and though 6 inches per mile has been given as the minimum
limit which would not under ordinary circumstances interfere seriously with
navigation, still it must depend of course on the fall of the country and
the nature of the soil, and so difficult is it often found to combine the
requirements of the two purposes, irrigation and navigation, that it hes
been seriously proposed to provide for the latter by separate still water
channels, made alongside the running canal itself.

VoL. 11 2
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In some experiments made on the Ganges Canal, it was found, that at
a velocity of 876 feet per second, the water just ceased to cat away the
bank, and slightly deposited silt. With the ordinary soil of the plains of
the N. W. Provinces, which is a light friable clay, and taking everything
into consideration, perhaps 8 feet per second may be taken as a safe maxi-
mum velocity for these canals.

The upper part of the Baree Doab Canal has a fall of 42 feet per mile
over 8 bed of shingle and clay, hut navigation at that point was not re-
quired.

The Ganges Canal starts with a fall of 2 feet per mile, which soon
diminishes to 1-25 feet, and this latter may be said to be its ruling gra-
dient. With a depth of water not exceeding 5 feet this gives a very
manageable velocity, both as regards the safety of the works and the
navigation down-stream. For wup-stream navigation it would be advan-
tageous to reducc it. But when 6, 7, or 8 feet of water are thrown into
this canal, the velocity due to the above full is doubtless too high.

In the ‘Sutlej Canal project, Captain Crofton has fixed upon 2} feet as
his minimum depth of water at full supply, and has arranged his declivi-
ties of bed so that the calculated mean velocity of current shall in no case
much exceed 3 feet per second.

For the Soane Canals, the velocity has also been fixed at about 3 feet
per second (2 miles an hour), the side slopes being 1} to 1, and a bottom
width equal to the depth plus one, squared, in feet.

260, The following Memo. on this important subject from Major
Crofton’s report on the Ganges Canal will be found very valuable : —

Velocitios of current.—In a portion of the channel of the Eastern Jumna Canal
lying in the old bed of the Muskurra torrent, where the current seemed prefectly ad-
justed to a light sandy s0il, Major Brownlow, the Superintendent of the Canal, found
the me«n velocities of the sarface to be from 2:38 to 2-28 feet per second, or mean
velocities (multiplying by 0-81), 1'928 to 1-847 per second.

In the lower district of the same canal, near Barote and Dcola, the maximum
surface velocities with a fair supply were found to-be 2817 and 2:507 feet por seconds
or mean velocity of 2:282 and 2'03 feet per secord. BSilt is constantly being depo-
sited here ; the soil is similar to that below Sirdhanna on the Ganges Canal.

About 1000 feet below the Ghoona Falls, on the same canal, in very sandy soil, with
nearly a full supply of water, I found the maximum surface velocity to be 8077 feet
per second, or mean velocity 2:492 feet per second : no erosion from bed or banks, ex-
cept. when & supply, much in excess of the maximum allowed, is passing down.

Below the Nyashahur bridge on the same canal, where the. soil is very similar to
that between the Myapoor and Kunkhul bridges on the Ganges Candl, clay shingle

and small boulders, Lieutenant Moncrieff, R.E., the Officiating Superintendent, found
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the mean surface velocity to be 6751 feet per second, or the mean velocity about
5-468 per second.

The same officer observed the surface velocity at some distance below the Yarpoor
Falls in the new centre division channcl of the Kastern Jumna Canal, and obtained a
mean of 3957 feet per second, or about 3:205 feet per second mean velocity through
entire section. The soil here is light and sandy, aud the channel has been both
widened and decpened by the current.

In one of the rajbuhas (or main water-courses) of the same canal, I found weeds
growing in the bed and on the sides with a maximum surface velacity of 2:12 feet
per second, or mean velocity (V) of about 1:717 feet per second ; the soil is sandy
with a fair admixture of clay ; silt accumulates to a troublesome extent.

In another rajbuha in the same neighbourhood, I found & surface velocity of 2:38
feet per second, or mean about 1927 feet.  Silt deposits here, but no weeds appear to
grow.

In the Muhmoodpoor left bank rajbuha on the Ganges Cunul, I found grass and
weeds growing in the chennel with a maximum surface velocity of 1724 feet per
second, or mean of 1896 feet.

In the Buhadoorabad Lock Channel, Ganges Canal, weeds appear to grow wher-
ever the maximum surface velocity is 2:88 feet (or mean velocity 1928 fect per
second or under) ; 8nil gencrally light and sandy.

On the Ganges Canal I found vclovities as follow :—Below the Roorkee bridge on
the main canal, where the decpencd bed is covered with silt and erosion from the
sides has ceased, the mean velocity in the entire section, with a supply less than the
present maximum on the Roorkee gauge by 2 inches, was 2-92 feet per sccond ; the
soil sandy with a tolerable admixture of clay.

In the widened chaunel at the Toghulpoor sand hills, mile 36, the mean velocity,
with full supply now allowed to pass down, obtained by caleunlation from the area of
the water section and the discharge observed below Roorkee (deducting expenditure
en route) was 2:5632 fest per second.

In the embanked channel across the Solani valley, with a supply 2 inches un-
der the present maximum on the Roorkee gauge, the mean velocity, obtained by cal-
calation from the area of water section therc and the observed discharge through the
masonry agueduct, was 3 04 feet per second. The deepest portions of the chanuelling
out here, I have stated elsewhere, have been silted up.

At the 50th mile, main line, below the Jaolee Falls, with (present) full supply in
the canal, the observed mean velocity was 8:059 feet per second. Erosion from the
banks has ceased here ; silt on the deepened bed, soil sandy.

Above Newarree bridge, 94th mile, in a stiff clay soil with full snpply in the ob-
served mean velocity, was 4117 feet per second : erosion trifling here ; no silt deposit.

Observations communicated by Captain Dyas, R.E., Director of Canals, Punjab,
~—On the Hansi branch of the Western Jumna Canals, silt was deposited with mean
velocities of from 2* to 225 feet per second. The deposition of silt, however, obvi-
ously depends on the quantity and specific gravity of the matter held in suspension
by the water coming from above, and the ratio of the current velocities at different
pointa along the channel.

He states, from observations on the channels of the Baree Doab Canal, that in sandy
s0il #2-7 feet per secomd appears to be the highest mean velocity for non-cutting as a
general rule, for there are soft places where the bed mill go with almost any velocity; -
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but those sorts of places can be protected.” Again, “bad places might be scoured
out with a mean velocity of 25 feet per second, bat better soil would he deposiied in
place of the bad with a slightly smaller velocity than 25 feet; and as the supply is
not always full, there wonld be no fear of not getting that slightly smaller velocity
very frequently. The good stuff thus deposited would not be moved again by any
velocity which did not exceed 2'5 feet per sccond.

In “Neville’s Hydranlics,” 0'83 or 117 fect per second are mentionod as the lowest
mean velocities which will prevent the growth of weeds. This, however, will vary
with the nature of the sofl ; vegetation also is much more rapid and vigorous in a
tropical climate than where Mr, Neville made his obscrvations.

In Capt. Humphrey’s and Licutenant Abbot’s reports on the Miesissippi, 1860, it is
mentioned that the alluvial soil near the mouth of the river cannot resist a mean
velocity of 3 feet per second ; and that in the Bayou La Fourche, the last of its
outlets, which resembles an artificial channel in the regularity of its section and
general direction, and the absence of eddies, &c., in the stream, the mean velocity docs
not cxceed 3 feet per second, and the banks are not abraded to any preceptible extent.

From the foregoing and other observations, which it would encumber this paper
too much to place on record here, and taking into consideration that the higher the
velocity the less the works will cost, I think the following may be taken as safe mean
velocities with maximum supply in the Ganges Canal channels.

1. In the Ganges valley above Roorkee, 3 feet per second.

2. In the sandy tract generally between Roorkee and Sirdhanna, 2-7 feet per second.

8. In very light sand, such as that met with at the Toghulpoor sand hills, not

higher than 2'5 feet per sceond.

4. And for the channels south of Sirdhanna, 8:0 feet per second.

On the branches the same data to be assumed according to similarity of the soil.

There are soils, s Captain Dyas has noted, such as light quicksand, which will
not stand velocities of even 1 foot or 1§ foot per sccond, but these are never found to
any great oxtent in one place: crosion there can only have a local influence, and such
places can be protected at a trifling expense. It is channelling out on lohg lines
which is to be feared.

270. From the above considerations, therefore, we can now determine
the section of the canal channel by the help of proper mathematical for-
mulee.

Let D = the discharge at any point in cubic feet, A the area of the
channel section in square feet, and V the mean velocity, at that point in
feet per second, then of course D = AV.

Now to find V, many formule have been given by Dubuat, Neville, and
and other authorities on hydraulics; some of which are very elaborate.

Major Crofton uses (from Neville) V = C ./;_*, d being the hydraulic
mean depth,* s the denominator of the fraction denoting declivity of bed,

* Found by dividing the ares of the channel section below the water linc by the water contour
(s. ¢, the length of the bottom and sidos of the section),



PERMANENT CANALS—SQURCE OF SUPPLY-~ETC. 325

the numerator being unity, and C a co-efficient, which he takes at 90 for
velocities up to 4 feet per second, and 93 for high velocities, such as those
of hill torrents, &c.

Dwyer's formula V = ‘92 o/2ds, d being the same as above, and s the
slope of the bed in feet per mile, is recommended as simple and sufficient-
ly correct for all ordinary cases of canal discharges.

271, In canals actually running, the velocities may be also determined
by direct observation, as in the case of a river [see above, para. 84].

The observations for discharge of the Ganges Canal channels taken for
the purposes of Major Crofton’s report were obtained as follows :—

Two cross sections of the stream were taken at a uniform distance apart
of 200 fcet, the depth of water being measured at every 10 feet or less
along the width of each section.

The velocitigs were obtained by noting the times of transit at several
points in the width of the stream of floats from the upper to the lower
scction; these floats were made of painted deel rods about an inch square,
loaded at one end so as to float nearly vertically and pass as close to the
bed of the channel as possible without touching, their upper ends projecting
a few inches above the water's surface. They were found in every case to
float in a line closely parallel to the thread of the current. A very necar
approximation, it is evident was thus obtained to the mean velocity in the
vertical plane traversed by each. A correction for the small height of
the end of the float above the bed was applied to each velocity before using
them for the caleulations of discharge, viz. :=—

C (or multiplier of velocity) =1 — 0116 { (13-'5—”')‘— 01}
where

D = depth of water.

D, == length of rod immersed.

This was given in the report on the Mississippi by Captain Humphreys
and Lieutenant Abbot, as obtained by Mr. Francis, in his experiments at
the Lowell Water-works, where velocities of current were observed in a
similar manner to the above.

Velocities were observed on the Ganges Canal and elsewhere, also by a
current meter of similar construction to that known as Woltmann's hydro-
meter, as well as by surface floats, but no method yet tried seems so
satisfactory as that of the floating rods. The declivity of the water’s
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surface was also in most cases observed for the purpose of comparison and
obtaining reliable co-efficients for caleulstion.

272, To illustrate the foregoing, let us suppose that in the instance
above given at p. 817, 4,000 cubic feet were available as the minimum dis-
charge, and that we determined to make our channel accordingly. We will
fix on a fall of 1'5 feet per mile as the rul-
ing slope, and*excavate the channel with
side slopes of 45° ; then to find the neces-
sary bottom width AB of the channel at
the head; let the depth be to the width as 1: 15 and call the depth =, so
that AB — 15z, then CD == 17z, and the area of the section = 162,

also 85 AD = BC = &/227 the wet contour 15z + 2z ~/2, and the hy-

draulic mean depth = d = m}‘}iﬁ., and from Dwyer's formula, V =
92 N2ds =92 N3d = '92'/1'5—‘_'%7-5 = 10 &/%, and discharge =
D =4,000 = 162* x 15 Mz = 24 & z%; heuce &/ 25 = 16667, and
z = 7'74, therefore 15z the bottom width — 116 feet. Or we may
assume & value for x, and by trizls approximate of the real valye. Or, the
depth of digging may be determined for us by our levels, which would also
determine the bottom width, if it is to be 15 times the depth. And if
these dimensions wonld not suffice for the required discharge we should
have to alter the ratio or else increase the slope of the bed.

273, The section of the water channel and slope of the bed being thus
determined, it is evident that the surface of the water may either be within
doil, (as it is termed,) that is below the natural surface of the ground, or
above soil, when it will have to be retained by artificial embaukments. If,
not merely the surface level, but the whole body of water is above soil, the
embaukments must of course be very massive and may require to be pud-
dled to render them water-tight. In the great Solani embankment, the
water is retained within a solid masonry revetment on each side, backed up
by an earthen bank averaging 16 feet high and 40 feet thick.

Although the water being thus raised above soil greatly increases the
facility of irrigation by its command of level, it is evident that the con-
struction of such embankments involves great expense, and that if any
breach occurs the damage done will be very great.

274, The most favorable conditions are obviously when the canal water
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is partly within and partly above soil, so that the earth excavated from
the channel just suffices to build up the banks, while there is sufficient
command of level for all irrigating purposes; and the nearer this can be
approximated to, the more perfect will the canal be. The following would
be such & section :—
Let 2 @ = width of canal at foot
B.
d = depth of canal AB.
z = required depth of dig-
ging.
Let A = area of bank ahove EC, 8 ¥
B= |, canal be below
DE,
Then whatever be the position of the natural aurface, A and B are constants.
What we wish is to determine the depth BN go that the area, BFGK shall =

|
1

FFHPQ.

i e, B — EFGD = A + EFHC

i,f"n_ﬂ.t.lj_qx(d_ )_A+wx(d_m)

ie, i {(ED+FG)+(EC+HF)}=B—A .............................. W

Iet EC = &, let @ = inclination of EB, 8 = inclination of HP. Then HR = CR
cot 3=(d — 2) cot B, 8F = (d—z) cota. And HF =k + (2 — @) (cot a + cot
B o ECH+FH=2h + (d — z) (cot a 4 cot B).

NowED=AD 4 AE=a 4 dcot « R -

FG:IIG+FH:a+:cota} < ED +FG=2a 4 (d + s)cota.
Hence, substituting in (1)

‘i;_i’{za+(d+z)cota+2h+(d- @) (cot a +cotﬁ)}=B-A.
‘."'_"’{2a+2dcota+2h+d cotﬁ-—zootﬁ} =B—-—A;ad—az +d*
mta—dzcota+hd—hz+'—l;—cotﬁ—dzeotﬁ+%’-ootﬁ=li—A-;: cot

B—-—=2(at+dctat+h+detf)=B—-A—d(a+ h)—d’cota—%

cot 3.
From which equation we can find .
Take an example, let'a = 3 = 45°
Thencota=cot S=1
let @ = 50,d = 8 feet, 4 = 40. PQ=25 feet,QT=TM 6.

. CM=37. ThenB= ad+—_4su_25+37x6 186.

.~ Equation becomeu-'%- — 2 (106) = 432 — 186 — 8 X 90 — 64 — 82 = 574.2% —
212:= — 1148, whence z = 5'6.

For sanitary reasons it may be desirable to keep the water as a general
rule within soil, but the effect of this will be to increase greatly the cost
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of the canal—and if, as is often the case, a sandy stratum underlies the’
superficial clay it is very undesirable to dig down to the former, as much
water may thus be wasted by leakage and absorption.

295, Alignment of the Canal.—The steps to be taken in fixing the line
of the projected canal and in marking it out when approved of, will be
similar to those described in the Section on Roaps, The gradients have to
be duly considered in both cases, though much more carefully in the former.
The requirements of the different towns and villages, which, in the case
of a road have to be considered with reference to traffic, will have chiefly
to be viewed in regard to irrigation, and secondarily only for traffic in the
case of a canal.

The obstacles to be avoided, whether mountain torrents, swamps, hills,
&¢., are much the same, and the more elaborate methods of overcoming
them required for canals, will be described farther on.

If no good map of the country cxist, one must be made. The next
step will be to got a series of cross sections of the country to be irrigated,
from river to river, by means of lines of {evels, from 1 to 5 miles apart,
and having a direction at right angles to the watershed or snpposed
watershed; these are connected by lines carried along the river banks, The
country being thus covered with a network of levels all reduced to the
same datum line, and marked down on the map, the general line of
watershed along which (s has been shown) it is desirable as far as possible
to carry our canal, will, at once be evident. This line ciitting the cross
sections nearly at right angles, should then be carefully levelled as a trial
line, as well as any other alternative line that may present itself, and on
this the general project will be based.

276, The following hints, drawn up by Major Crofton, R.E., for the
Punjab Irrigation Department, on taking levels for a canal projoct, and on
subseyuently laying out the line, will be found useful :—

Trial Levelling and Surveying.—In eddition to the levels of the country surface,
8 rough survey or reconnoissance is required, which should give information on the
following points, viz.:—Approximate sites of villages or towns, lines of drainage,
roads, railways, old water-courses, canal chennels (main or rajbuhas), edges of high
(“bangur’") land, remarkable buildings, wells, nature of soils, crops, trees, &ec.;
position of stone or kunkur quarries, &c.

The places between which roads run, and their bearings (if regularly lined out),
should be noted ; if on embankment, the level of the top surface should be taken.

The bearings of regularly lined out canal channels or irrigation cuts, and the
levels-of their beds at points of crossing, with cross sections at right angles to the
direction of each, showing level of full supply, are required.



T

mmmun-—mmwm 839

mwﬁmmmhmmﬂww&mww
at; right; spgles %o fheir couxses, showing lavel of highest known flood, jgo of tta
oocurrence if amerjainable ; the level of surface of water In Tivess' of
observation) s depth of water on lomesb point of bed (f obtalnébin), Wed et uf
ordimary snd highest kmown fiood 5 levels of floors of tanks and lowest.pulitte M Iwe
jheels should Do cheerved and sonpacted with the line of levels. Tho sitegpf, sl
sections taken off the line should Invariably be connected with the trawerse,

The water-way of all bridges ot enlverts met with on ovnear the time of Jeve} should

the arches if there be no flporing, with highest fiood mark, carefully noted.
Wherever a well In met with or tised as a bench-mark, the level of the surface of
the water should be noted ; the depth below the bonch-mark can be messured with
sufficient aocaracy by the chain, IX water is being drawn from the well, the surface
will in general be abnormally low, in which case the height at which it nsually standa
when not in nse shonld if possible be ascertained. The quality of the water, whether
sweet or brackish, should also be noted.

These observations of the murface level of the springs should never be omitted,
when opportunity offers ; it is a point of considerable importance.

The color and description of the soils, whether sandy, clayey, &o. ; the presence of
the white or brown efflorescence known as “reh ” or “ knllur” should be noted. -

A complete delineation of the drainage lines of the country boing one of the pri-
mary objects of the survey, too great care cannot be taken in ascertaining their posi-
tions. They may be divided (excluding the large rivers) into two classes ; the first
easily recognizable by their size; well defined channels rupning in valleys at some
depth below the general level of the country adjoining. Into these and the rivers,
innumerable channels of the second class discharge themselves, the exact positions of
which are not always to be detected by the level alone. They usnally rise in jheels
lying close to the water-shed, and their courses are marked by & series of jheels con~
nected by intermediate low lands ; a black, clayey soil,  reh,” rnk grass, and crops
requiring frequeni irrigation, such as sugar-cane, cotton, &c., gencrally mark the
places where water has lain or over which it flows in considerable quantity. No land
of this description should be passed over without enquiry as to whether it is fiooded
during rain, and from what direction the water comes and whither it runs off. “Reh,”
if contained in the soil, always rises to the surface where water has lain for any time,
and appesrs in greatest quantity during the cold season.

Largo towps or villages will almost invariably be found situated close to lines of
drainage, or low ground where water collects after rain,

Sand hills, or very sandy soil, generally mark a water-shed on the * bangur.”

‘Whare & nuliah or drainage line is crossed, and the level of the lowest point of the
bed is vbeerved, great care shounld be taken to ascertain whether this paing is an the
goteral lovel of the bed ; if otherwise, the differency above or below shonld be mene
sured aud noked.

Whete an impamehle chject lies directly in the Hue of divection of the levals, it
should be passed thus i - -

VOL. II v
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Direction A < Imprssable: \/C of levels
sesesacacene o / object [ 3 eseecserense
AN

that is, wherever it is neccssary to diverge for a short distance from the given line,
it should bo rcjoined as soom ns the obstacle is passed. 1In plotting the section, the
points A and B, and C and D should appear identical.

Bench-marks shonld be ostablished at intervals of about 3 miles in gencral, and one
closc to every largoe nullah or lino of drainage, as well as at the ends of each cross
section or line of levels Existing buildings to be preferred for the purpose.

All Canal, Road, Railway, Great Trigonometrical Survey, or other bench-marks
met with en route, should be connected with the linc of levels.

The error or difference in any circle of levels onght not to exceed one foot per
hundred miles traversed. Small errors arising from incorrect reading of the staff,
not holding it vertically, high wind, end such Jike are inscparable from all levelling,
but these will not be found to accumulate if the work be carefully doue. Atten-
dency, however, has long been observed, though as yet unaccounted for, to & small
‘cumulative error in the direction of the levels ; but this is not found to affect prac-
tical operations materially, Where great accuracy is required, such as in the proof
levols of a canal channel, it is advisable to level twice over the same stations with
the same instrument, the sccond level being carried in the reverse direction to the
first ; the mean reduced Tevel of cach station will be as nearly accurate as it is pos-
sible to obtain it.

For the purpose of determining water-sheds on or near to which it is an object
to carry irrignting channels in a generally level conntry such as we have to deal
with, cross sections at intervals, perpendicular to the snpposed water-shed, or line
running centrically between the drainage lines on either side of the water-shed, will
be found most advantageous in economizing time and labor. No rule can be laid
down for the distanco between any two successive cross sections ; it must be regulated
by the featurcs of the country. For the gencral alignment of the main channels
between two lurge rivers, the interval should not cxceed 10 miles. For the actunl
lining out, and for the minor channels, the interval probably should not excecd five
miles, or possibly less; though in most cases, I beliove, it will be found to answer
the purposc better to map out the drainage of the country minutely than to take
cross sections at smaller intervals than five miles.

Cross scctions should be connected by longitudinal lines between their extremities
to test the accuracy of the work ; the latter, unless intended for some other special
purpose, may be carried on the most direct lines between the points to be connected.

Wherever drainages are met with, enquiries should be made as to their courses
both above and below the line of levels, names of villages near which they pasd, &c.;
Sy thus observing them in each successive line of cross section, a very gomplete plan
of the drainage of the country is obtainable, as well as a connceted scries of levels
along the beds of the ontfalls.

Sirailar information to that detailed above should he obtained with all Ievelling or
surveying for rajbuhas, drainage projects, or any other work connected with irzi-
gﬂﬁon-
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In levelling for the longitudinal scction of a river, the line shonld follow generally
the main water channel, the stations heing invariably on the bank or dry gronnd
nonr the edge of the stream. Tho level of the surface of the water at intervals
(noting date), of ordinary floods and highest known flood ; the position of top
and foot of rapids (if any) and level of surface of water at each point to be noted.
The depth of water to be measured in the deepest part of the channcl whore the
surface level has been observed.  Cross sections at right angles to the direction of the
river should be taken at intervals and conuected with the series of levels, showing the
bed, sarface of water level of ordinary and highest known flood.  The survey should
show all minor chanmels and afjuents (if any), and as nearly as possible the extent
of land under water in high floods. The nature of the bed, whether of boulders,
sand, clay, &c., should be carefully noted.

A prismatic compass beld in the hand will be found very useful in flling in details
off the line of the series of levels, Tf the variation of the needle is not identical with
that of the level employed, the bearings should be reduced before entering in the
field book to the meridian of the latter, Most of the side measurements, where great
accuraey is not required, may be made by pacing. Two and a half or three feet paces
will be found most convenicnt as admitting of easy reduction to feet.

The scale generally for protraction of levels should be 1 mile to 1inch.  For the
sections, the horizontal scale same us for the protraction ; the vertical, 100 times the
horizontal.  Larger or smaller scales may be necessary for special purposes; but
wlurys measures oF aliquot parts of the one-mile-to-the-inch seale.

On cvery protraction of levels, besides the heading, the following must never be
omitted.  Date of the survey, name of the surveyor, scale and meridian line ; the
nuwmbers attached to the several stations on the section to be identical with those on
the protraction,

All details noted in the ficld-hook should be transferred to the protraction or see-
1ions 3 a sketch and a short description of each bench-mark to be entered on the back
ur margin of the shect in which its position is shown. The information is thus more
aceessible than if old field-hovks have to be scarched for it.

If & map is to be compiled from levels or surveys taken with more than one in-
strument, it will be found best to protract the work done with each instrument on
sepurate sheets, to be subsequently transferred on to the map.

Nurvey and lining out Canal Channels— Freliminary Survey.—After the posi-
{ion of the line, which may gencrally be assumed as the watershed, has been ap-
proximately determined by means of the cross scetions, or othorwise, an accurate
traverse with the theodolite should be taken over it, including a survey of the ground
for about half a mile in general, or further, if deemed necesssary, on each side, which
should give information on the following points, viz. : features of the country, if ir-
regular ; nullahs, lines of drninage and jheels wherever met with; sand hills
or ridges ; towns and villages, wells, buildings, whether of masonry or mud ; roads,
whether regularly lined out or merely cart tracks—if the former, the bearings shounld
be taken ; places between which they run (whether tracks or made roads), and
whether they are lines of traffic or merely village communications, should be care-
fully ascertained (this is usoful afterwards in determining the sites of hridges) ;
village boundaries, &c. ; such minutim as the boundaries of fields are unnocessary ;
those of gardens may bo useful ; in fact, overything which is likely to be of as-
sistance in determining the precise line, or which it would bo advisable to avoid
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if possible. A survey of this nature, carefully taken, will gemerally admit of
choosing » line which will injure property or disturb existing rights in the least pos-
sible degree.

The accuracy of the traverse is the poiut to be cliefly looked to ; the distance be-
tween the stations on it should be as long as possible ; never, if practicable, less than
a mile, as the probabilities of accuracy in observation are greater in the case of long
than short sights, and the plotting is easier as well as more likely to be accurate.
'The sights to the station poles shonld be taken as in ordinary traverse surveying, but
should show the magnetic bearing of the lines, or their supplements ; these should be
checked by repeating the observation at each station, thus :—Clamp the upper plate
on zero of the lower and fix on back pole ; then tam npper plate round to sight fore
pole, noting the angle in the field-book ; this angle should cqual the difference of the
magnetic bearings first observed. This will check the directions of the traverse lines.
To check the distances between stations :—Fix on a well defined point some distance
to one side, say & mile, and ohservoe to it from every station from which it is visible.
If the distances have boon measnred and plotted correctly, and the bearings are ac-
curate, the latter will all moet in ono point on the map.

The stations may be marked on the ground by large pegs, about three feet long,
driven well in. If their future identification is an object, and there is a chance of
the pegs being destroyed or removed, a ghurrah filled with charcoal, buried at some
depth below the surface of the ground, will give the means of finding their sites
again with sufficient accuracy for all practical purposes. The surest way, however,
is to note their distances and bearings from any easily recognized and permanent
ohjects which are not likely to be disturbed, if such should he found sufficiently
near for the purpose. It will be found most convenient to fix all stations on mounds
or rising ground.

All hearings taken with the theodolite should bo noted to the smallest portion of a
degrec its graduation will admit of ; for, althongh they cannot be plotted nearer than
to a minute, close obscrvations are necessary to ensure accaracy in a long line of sur-
vey. Bearings sbould be taken to all well defined objects, snch as spires of temples,
&c., wherever visible ; thomgh possibly useless for the special purpose of the survey,
they may be of importance hereafter in giving the means of joining on other surveys
to any of the fraverse stationa.

The angles on the side surveys may be taken with & good compass, prismatic, or of
any other description available ; the actnal bearings, as shown by the instrament em-
ployed, being cntered in the ficld-book, i. e., no correction being made in the fleld for
the variation of compasses (if any). Villages should be traversed round, so as to
determine their onter limits, but no interior survey is requircd. These shounld he
connected with points on the main line of traverse ; the correctness of the junction
line may be tested by observing from several points on it to some object in or near
the village (such as a large troe, house, &c.), which has been well connected with the
bonndary survey of the village.

As the choiee of a good Jine and the actnal lining out on the ground very much
depends on the accuracy of map, this shonld be placed beyond a doubt, if possible,
before the line is chesen and marked on it. The time occupied in taking check
ohservations and measurements in the field will be well repaid by the facilities afford-
ed to the snhsequent work by a really accurate plan of the country.

1t will be found convenient to have two descriptions of poles (jhundees) for setting
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up on stations to which observations are to bo taken, one for uso in windy weather,
mounted with a flag ; the other when the air is calm, with a small “ moon "’ (made
by covering a wooden hoop with calico), about 1§ feet diameter ; as a flag when
not flying free is scarcely more distinguishable at e distance than the bare pole. On
the revenne survey, poles painted in foot lengths, white and black alternately, are
employed, which makes them visible at a far greater distance than the common
uncolored bamboos.

The position of the actnal water-shed near the line of traverse should be earefully
ascertained and noted on the map.

Lining out.—If the levels of the water-shed admit, the nearer the line of canal
approximates to it the better : the interference with the surface drainage of the
country being then the least possible, It should be laid down in straight lines as far
os practicable ; the fewer the curves the better ; none, unless in special cases, of less
radius than three miles or 15,000 fcet, though curves of 5,000 feet radius on the Barece
Doab Canal have been found to answer very well. It is of course n desideratum to
avoid villages, buildings, and valuable property of all kindg if possible, and this
can gencrally be cffected without sacrificing the primary considerations which
should guide the choice of a line, if the map be accurate and give sufficient detail.

Wherever the water-shed cannot be adhcred to exactly, ground should be chosen
from which the snrface drainage can cither be passed into the canal channel or turned
off in some other direction ; otherwise jheels and swamps will form after rain on its
water-shed bank. It should be considered, however a standing rule, that no drainage
water should enter the canal channels, large or small, unless it be impossible to dis-
pose of it in any other way.

The centre line of the intended channel having been laid down on the map, and
from it transferred to the ground, all boundarics, &e., can subsequentlv he demarcated
from it, In laying down curves on the map, the use of “ French curves,” or card
board cut to the required shape, will be found to facilitate the process considerably.

The following is recommended as the least laborions method in the description of
vuntry with which we have to deal, of transferring the line on to the ground, and is
snfficiently accurate for all practical purposes.

First, for the straight portions. Find the approximate bearing of the line and
mensure offsets to it from two survey stations, say two or three miles apart, on the
map. These offsets measurc off on the ground ; two points arc thus obtained in the
required line, which goay then be produced cither way at pleasure,

Where a curve is required, produce the tangents (obtuined as above) on the ground
till they meet, marking their intersection as described for survey stations ; the angle
between them may then be observed, and their lengths found by calcnlation for a
curve of the radius previously determined on the map. Measare off these lengths
from the intersection, marking the commencement and ¢nd of the curve thus obtained
by large pegs. In cases where the intersection falls on ground from which the linea
of tangenis are not visible, the angle between them must be obtained from the map,
and the lengths caleulated therefrom. The points marking the termini of the curve
being thus determined on the plan, they must be transferred to the ground lines by
meagurement from some points fixed by the survey.

In laying down the curve itself, it will be sufficient for all practical purposes to fix
points at such intervals that the versed sine of the intercepted arc should not exceed
02 foot, or thercabont. Those points may be obtained by offsets from the tangents
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where the maximnm length of such offsets does not excoed 80 to 85 feet ; above this
limit, it will be advisable to adopt the method of offsets from chords. Calculate the
number of chords of & constant length (1000 feet or 2000 feet answer best in practice),
and tho length of the remaining chord contained in the curve. Proceed to lay thom
down in the ususl way with theodolite and chain commencing from one end of the
tangent ; if correctly done, the cnd of the last chord wall fall on the peg marking the
termination of the other tangent.

If there is some small difference on closing (and in a long curve this generally
occurs in direction ; seldom in length), correct thus—

Sapposing A ¢/ D' E' B’ to be the line o8 1aid down on first trial, nd ACDEB
the corroct one ; the distance B B’ being measnred, the corrections for the other chord
ends or distances B 1, D I, C (¥, may he found by assuming the space between the
two curves to be a triangle, and the lines, E I, &c., to he drawn parallcl to the base
B B'; BB and the lengths of the chords and the entire curve being known, the
corrections arc easily obiained ; then returning over the curve, correct the positions
of the pegs marking chord ends. If the difference in the length of the curve is
considerable, it will be advisable to go over the work altogether again ; this, however,
with careful work seldom happens,

Having thus fixed the ends of the chords, lay off the offsets distant from each other
not more than 200 fect, if on a cnrve of three miles radius or upwards ; on carves of
lese radins the interval should not exceed 100 feet.  These points may be marked by
pegs about 1} foot long.

Chords of 2000 fect in length will answer for curves of 3 miles rading and upwards ;
for radii of 2 miles and 1 mile, 1000 feet chords.

In laying down long straight lincs it will be found advisable, and in very uneven
ground ahsolutely necessary, to nse one or two signals of
much greator height than the ordinary flag staff. Suach a
signal may be made, as shown in the annexed sketch, by
connecting two bamboos, say 40 to 50 feet long, in the form
of a ladder, joined at top, and about § feet apart at bottom,
by cru & pieces at intervals; a “moon,” formed with a wooden
hoop strengthencd with cross pieces and covered with calico,
being fastened at top ; the contre of this moon is then ad-
justed over the line by a plummet, and the whole is secured
in its position by three guy ropes attached to large pegs,

Other methods of laying down curves may he necessary where the ground is much
encnmbered with obstacles ; but for the description of country usually met with in the
plains of Northern India, the method above described will, it is believed be found the
simplest and most practical.

The ends of curves should be marked by a small cube of masonry sunk to the
level of the ground, as it is difficult afterwards to find the exact positions, if some
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permanent mark be mot made at the time of lining out. Bench-marks of masonry (one
foot cube will answér) should be sunk to the level of the ground at intervals of 500
feet along the central line of canal, and numbered on top to denote the distanee from
the zero of longitndinal measurement. Those denoting even thonsunds of feet to be
marked with integers ; the iutermediate ones thus, “§.” 1t will be found a great
saving of time if the positions of these bench-marks be marked simultaneously with
the liningr ont, and this may be done by driving iu two pegs thus :—

Oree

e

Central...ovveveeeiforerforesnnne s line
O pee
Position of B. M.

On straight lines one chain only is nccessary ; on curves two should be employed ;
one in measuring distances along the chords, or tangents (as the case may be), for the
offsets, the other meaawhile following along the curve. By this means the nick
can be cut and the bench-marks laid in immediately in the wake of the surveyor ; and
the sooner this can be done the hetter, for none but merks of masonry will long
remait where people and cattle are constantly going to and fro. The Lench-marks,
however, should uot he waited for to commence eutting the nick ; this should be
dug at once about half a foot deep; a long narrow cut is uot easily effaced.  The
marking out and cutting the lonndary nicks should follow that of the central line.
U there i~ uny fear of the bench-marks being injured by cattle, &c., cover them with
4 sl i pillar,

The hain for mensuring distances along the central line should he exactly 100
teet loug, and its length should be constantly checked, as this measurement must be
as accnrate as it is possible to make it.

The zero of longitudinal measurement for the central channel of a canal is the face
of the upstream head wall of the vegulating bridge at the head,  For the branches,
or uny minor channels, the same line on their respective regulating bridge heads.

The deails of all curves, such as the angles between the tangents, length of tan-
pents, number and length of chords, &e., reduced distances from zero of longitudinal
weasurement, of extremities of cuorves, erossing points of roads, nullahs, &c,, and
all other items of information likely to be usefol hereafter in the construetion of the
works, should he noted in the ficld hook on the spot.

In aligning the minor irrigation channels, so great accuracy is nmnecessary, as curves
may he more freguent, and of smaller radius ; but the same care should be taken as
in the casc of the larger channels, to avoid as far as possible injury to existing
property or disturbanee of existing rights.

For producing straight lincs on the ground, a theodolite is nnnecossary ; a good
reconnoitring telescope will be found to answer the purpose perfectly.

277, In the actual construction of the line the Cuttings will be laid out
and made like road cuttings, but it is evident that the Embankmnents must
be different, as they have to retain within them a large body of water.
Their thickness must, therefore, be very great on both sides of the water
channel, and they vary in mean width from 30 to 100 feet, according to
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the depth of water. If leakage occurs they must have a wall of puddle or
be otherwise rendered water-tight.

The method of constrneting the cuttings and embankments has been
sufficiently treated of in the Section EArTWORK,

278, In the annexed Plate are some cross sections of the Ganges Canal,
taken at different points along its course, showing the channel as originally
excavated, and the following account of the method of excavating the
most difficult portion of the line will be found interesting.

From the Puttri Super-passage to the Rutmoo River—~This is perhaps the
most interesting line of work that has bLeen excavated. The length is cqual to
16,810 feet. On its course it passcs through a ridge upon which the villages of
Gurh and Saynibas are situated ; and with the exception of the super-soil, to a depth
of from 7} to 20 feet, it is entirely excavated through earth impregnated
with springs.

The work was tedious and very expensive; it required, morcover, the constant
vigilance of an active supervisor, to seo that what was done in one day, was not by
the action of the springs undono the next. The spring-water, which is kept down by
impervious superstrata, rises immediately it cscapes from its bondage. At a nulla,
which is intersccted by the canal, water runs in 2 perennial stream. The difficulties
of excavating this portion of the canal, may be comprehended by explaining that the
stream in question, naturally runs on a level of 818 feet above that of the canal bed.
This nnila was merely an externsl exhibition of the spring level throughout the
whole line of country now referred to.

After removing the supor-soil, or that unconnceted with springs, an cscape was
made near the above nulla. The distance from the Puttri to this nulla is 10,804 feet,
so that, in making use of the escape, for the relief of spring-water during the excava-
tions, a considerable slope was availuble, The direction of the spring current was
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from north to south, or from the high to the low land. The canal channel intersected
this at right angles. The Executive Engineer’s plan of operations will be best un-
derstood by diagrams showing the line in plan and section.
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The true section of the canal in its full depth is represented by the dots. The way
that this was reached will be understood by the shade C, Fig. 2, which represents s
ditch or cunette, in this case a catch-drain for the spring-water which flowed in the
direction of the arrows. This cunette was carried along the whole line of excavation,
and terminated in the escape No. 2. Both cunette and oscape were maintained in a
constant state of efficiency as regards the free run of water. By the interposition of
cunette C, that portion of the canal channel at D, Fig, 2, was excavated without troun-
ble, as it was entirely cut off from its spring supply. The process was a very gradual
one. As the depth of the cunette was increased, so did the portion D become reliev-
ed of its difficulties. It was an operation requiring especial care ; and in & pecuniary
point of view, the greatest attention to prevent the work of one day being obliterated
by the action of springs during the night-time. The whole work was however
completed, satisfactorily.

270, The considerations which determine the site of the canal head
have already been noticed. The canal should be made to tail into &
river or nullah, into which the surplus water unexpended will be discharged,
and in order to secure an effictent scour, it will be advieable slightly to
increase the velocity at the end. A fall into the outfall nullah or river is
generally the best way of effecting this.

280, The poinis at which Branches should be taken off from 1he main
iire as well as the general course of these branches will be fixed from
a due consideration of the levels of the country and the extent of cultur-
able land requiring irrigation. If the main canal has been carried on or
close to the watershed or backbone of the district, then the branches
should be lined out as far as possible on the minor ridges which lie on
both sides of the main ridge, the object in every case Leing to keep a
sufficient command of level for surface irrigation. There is a further
reason for carrying the canal channels on watersheds wherever possible,
viz., to ensure the minimum of interference with the country drainage, the
importance of which will be explained further. on, and to ensure an
efficient scour at’the tail of the channel. The size of the branch channels
and slope of their beds will be dependent on the same principles as those
already noted in the case of the main line, and the same remark applies to
the Rajbuhas or distributing water-courses which are led off from the main
and branch lines, and from which it is now the most approved practice to
deliver the water for the actnal irrigation, its farther employment being
left to the cultivators.

281, Bridges of communication are required wherever roads cross the
eanal, and for the genet:al convenience of the country. On the Ganges
Canal they were designed at sbout every three miles; and, when in the

voL. 11, : 2 x
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vicinity of large villages, are provided with ghdts or steps for convenience
of bathing. Care should be taken to provide sufficient headway under the
arches or openings for laden boats to pass easily when the canal has its fall
supply. On the Soane Canals 13 feet are allowed for this purpose, and it
is also desirable that the obstruction to the stream presented by the piers
should be as small as possible ; for this purpose it will generally be advis-
able to widen the canal slightly at these points so as to allow a full water-
way for the stream through the bridge. Otherwise, expensive precautions
have to be taken to secure the foundations, and the increased velocity under
the arches will render navigation dangerous or at least difficult.

282, A Tow-patk should be provided on at least one side of the canal at
a constant level of 1 to 2 feet above the water surface. It may be from 12
to 15 feet wide in earthen section, and not less than 6 feet under bridges;
the tow-paths should be carried under the side arches, of bridges, in no
case through the abutments or wing walls, the latter arrangement being
an obstacle to free navigation.

283, A Road is also desirable on one side of the canal for convenience
of inspection. It may be 20 feet wide and planted with trees. Tree
plantations are also general along the canals of the N. W. Provinces. No
trees should, however, be allowed within 80 feet of the water's edge, as
their proximity interferes with the stability of the embankments.

284, Chokees or stations for the Engineers and Overseers employed on
the line are also provided at intervals, and are generally fixed at the sites
of the most important masonry works.

These works, which are required for the admissien, control and distribu-
tion of the water, or for the passage of the canal across the drainage of
the country, will now be described.



CHAPTER XLIX.
FALLS—RAPIDS—LOCKS

285, 8o long as the slope which we determine to give to the bed of our
canal from the considerations above stated, is the same as the natural fall
of the country through which the canal is excavated, the level of its bed
will of course remain at a uniform depth below the surface of the ground.
But although this can generally be managed in the flat plains of these
Doabs throughout the greater portion of their length, yet in the wpper
portion of the canal, the slope of the ground is very much greater than
that which it would be proper to give to the canal bed, and peculisr
arrangements have to be made .
to compensate for this difference
of slope. The annexed dia-
gram will show how this excess
of fall has to be overcome; viz.,
by laying out the canal bed in a serics of steps, so as to keep it at a toler-
ably uniform level below the surface of the country, until the flat country
is reached where the slope is the same as that proper for the canal.

The points where the bed is let down from a higher to a lower step are
called Falls ; and their shape and construction are questions requiring much
thought and consideration. Their location should evidently, from the dia-
gram, be near the places where the canal bed, if continued without a bresk,
would have to be carried in embankment above the surface of the country;
their exact position is generally made to coincide with the requirements of
a bridge or some otlier masonry work such as are described hereafter, for
the sake of economy of construction, or on other grounds which need not
be entered upon here.

It is evident that the fall must be of some more durable material than
earth to resist the action of the water over the step, and masonry is there-
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fore employed. ‘The bed of the cann! has slso to be protected by a masonry
flooring from the plunging action of the water, and the banks must also be
revetted for a considerable distance below to prevent their being cut away.
The exact shape of the fall itself is a point on which there is much differ-
ence of opinion. Ogee falls of this
shape were employed by Sir P. Cautley,
on the Ganges Canal, with the idea of 7

delivering the water at the foot of the 7

fall as quietly as possible. On the Baree ////// %7’//
Doab Canal vertical falls are used, the // ///
water being received at the bottom into 7 ///

a cistern sunk below the level of the flooring, which thus forms an elastic
cushion, as it were, to receive the shock instead of opposing a dead resist-
ance to its force; while the accel- 7 /

erated velocity of the falling water

in a forward direction is thus also / /
chocked. The action of the water / ) / ///7//4
is still further lessened by making / /' iy i

it play over a wooden grating, by IR

which it is divided into a number of filaments or threads, as if it were dis-
charged through the teeth of a eomb.

286, The very dangerous scouring and cutting action of a large body
of water falling over a height of even a few feet, must be seen to be fully
appreciated. The greater the height of the falls and the depth of water,
the more violent of course will be the action; those on the Ganges Canal
are not higher than 8 feet, but with 6 feet or more of water going over,
the action is most severe, and nothing but the very best masonry is capable
of resisting it. If stane can be obtained, it should always be used ; if not,
nous but the hardest bricks must be employed, laid on an unyielding
foundation with fine mortar joints; the banks must be revetted with
masonry for a considerable distance down-stream, and the bed of the canal
protected by a solid masonry flooring, the tail of which is defended by a
row of sheet piling. The fall should be divided into distinct chambers,
which can be laid dry one by one for the sake of repairs without stopping
the canal. On the Ganges Canal the masonry flooring is continued to the
end of the chamber, beyond which, crib-work of dry boulders is employed
as far as the end of the revetment walls.
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The revetment walls on this canal were inclined slightly inwards and
terminated by curved walls (see Plate), with a view of holding up the
water on the flooring, and thus saving the latter from the effects of any
gcour. But the result has been, serious cutting of the banks below the
curved ends, and the curved walls are now being removed in consequence.
On the Belra Falls on this canal, the revetment walls were carried straight
on instead of being inclined inwards, and then terminated by curves form-
ing a basin; and these have answered better, though it is said the soil is
there much stronger.

287, The following is ‘'a description of one of the Ogee* falls on the
Ganges Canal, drawings of which are given in the Plate :—

The fall consists of a bridge (of cight bays of 25 feet in width each),
which crosses the canal on the upper levels; to the tail of this bridge the
ogees are attached, delivering the water into four chambers of 541 feet
each in width, every alternate bridge-pier being prolonged on its down-
stream face, so as to divide the space which is occupied by the lower floor-
ings into four compartments; in advance of the three dividing walls,
which are carried to a distance of 84 feet from the down-stream face of
the bridge, there is an open space of masonry flooring, which is protected
by an advanced area of box-work, or heavy material filled into boxes or
crates, and covered with sleepers, so as to retain the material in position.
Additional defences are given to these floorings by lines of sheet piling.
The flanks of the chambers below the descent are protected by revetments,

® The curve of the Ogee Is thus described :—

=3
h)
1)
H
¥
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| :
; i
= |
‘l LR Pt
& .
bBxbASd Bisect A 1, and from the point of bisection at &
Fl draw a perpendicular cutting the lino A C at C.
Als AB . Join C 1, prolonging the line until it cuta the
< line D Bat D.
A g} Perpendioular From the pointa C and D as centres draw the
DB to Flooring. curves of the ogee.
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eq.ud in hetghtto the. amdmg walls. * These flavks, instesd of being in
; prolongahon of the alighment of the bridge. abutmantl, expand outwardly,
gaining, on their arrival ‘at the tail of the masoury platform, an excess
of 20 feet in mdbh . At » distmuoe of 87} feet from ¢his point, the fanks
make & l‘hg’nt eurva mvranls, urmmstmg (on an imaginary line drawn in
prolong'lhan of: the ‘pler nex$. to' the abutment) in massive projecting
jetties. Between, and on the flanks of these two, Jetheu, lines of piles, and
other protective afrangements sre distributed, so as to secure the safe
passaga of: the water over the floorings, and to 4dmit of the current escap-
ing from the works with as little tendency to denger as possible. The
depth to which the curtain or upper foundation wall is carried is equal to 20
feet; that of the tail, with the flank revetments and jetties, is also 20 feet.
888, 'The result of experience seems to show that the vertical falls with
gratings as used on the Baree Doab Canal, are the best that have yet been
invented. Their construction will be understood by the inspection of the
Plate, and the following Memo. refers to the arrangement of the grating—
The grating consists of & number of wooden bars resting on an iron
shoe built into the crest of the fall, and on one or more cross beams,
according to the length of the bars. These bars are laid at a slope of 1 in
38, and are of such length that the {ull supply level of the water in the canal
tops their upper ends by half a foot. The scantling of the bars as well as
that of tho beams should of course be proportioned to the weight they have
to bear, plus the extra accidental strains to which they are liable, from
floating timber for instance, which may possibly pass between the piers
and s0 come in contact with the grating. In consideration of strains and
shocks of this nature the supporting beams are set with their line of depth
at right angles to the bars instead of vertically.
_ The dimensions of the bars used on falls of the Baree Doab Canal,
whers thé depth of water is 6:6 feet, are as follows:—
' Deodar wood. ,
Lower end of bars, 050 broad X 0”75 deep,
Upper exd of bars, 0’25 broad x 0"75 deep,
and they are supported on two deodar beams, each measuring 1 foot in
breadth X 1-5 foot in depth; the first beam being placed at a distance of
75 feet (horizontal measurement) from the crest of the fall, and the
second 75 feet beyond the first beam. The bars of the grating on these
Falls were originally placed touching each other (side by side) at their
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lower euds, a5 therg Was; not then a full supply of, watér iz the. canal.
There were thus iﬁ ‘ars in each 10-foot bey. .. Binos then the number of
bars has been mcoelllwly xedtmed to Tﬁ*qnd to 18 the yrem;t number. .
The reduction of the mumber of bars and the equal gpacing of the remain-
ing. bars is dome with me, a8 “they can be pushed sxdm?s in the mm\_
shoe and along the' besml, 16 which latber they are held with spike-naila. .
Once the correct spacing. is arrived at, cleats and blocks (as showa in the
drawing) are preferable to epike-nails.

The end elevation of the bars, shows the way in which the bars are
undercut from the pomt where they leave the shos, 7. e., from the crest of
the fall. This undercutting has the effect of making each space as it
were “an orifice in a thin plate,” and it facilitates the escape of small
matters which may be brought down with the current. Large rubbish
which accumulates on the grating is daily raked off and piled on one side
of the fall. This is done by the establishment kept up for the neighbour-
ing lock, There is considerable advantage in thus clearing the canal of
yubbish which would otherwise stick in rajbuba heads, on piers of bridges,
&c., or eventually ground on the bed of the canal and become nuclei of
large lamps and silt banks,

280, The effect of a fall occurring at the end of a canal reach, is to
increase the velocity, and diwinish the depth of the water for & considerable
distance above the fall. This increase and dimination are gradusal trom the
point where this action commences (rather an uncertain question), down to
the fall itself where, of course, they attain a maximnm, so that the depth of
water passing over the fall is very much less, as the velocity is very much
greater, than the normal depth and velocity above. This increase of
velocity before the water reaches the fall, produces a dangerous scour on
the bed and banks of the canal, and in order to guard against this, it has
been found necessary to head up the water at the falls on the Ganges
Canal by means of sleepers dropped in the grooves of the piers, which has
virtnally increased the height of the fall, and has been one cause of the
flooring suffering in places fram the violent action of the water. It has
also been proposed.to narrow the falls 8o as to produce the sams effect.

200, The method most commonly adopted, however, is to raise the
erest of the falls by & masonry weir; and the height to which it is necessary -

to raise the weir, may be found from the following ctlctdmon, aa given by
Colonel Dyaa,
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Discharge over Fall (complete) = ‘ml ( h + %;- )* = ml
. ne\3 §
(h + —) and dxschsrge in an open channel = A n (d)

In which equations—
A = Bectional area of open channel.
. @= Hydraulic mean depth of same.
s = Length of slope to fall of one in same.
v = Mean velocity of current in same.
b = Height of surface of water in same, above crest of full.
1 = Length of crest of fall.
m = A co-efficient determined by experiment varying from 2-5 to 8-5.
n = A co-efficient determined by experiments varying from 75 to 95.
The discharge in the open channel and that over the Fall are identical,

hence we have—
ml(7z-|-"‘z L An(d)s

from which we get—
= 12 Agns ‘A 2dg (2ghs + n'd)
m (3ghs + n'd)"
and if we put ¢ = 3219083, m = 3, and n = 90, we shall have

02183 Az A/d (D0Bhs + &)
(008As + d)
AMnt\{ _dw
mPs 2gs and

l =

h=

if g, m, and =z, are as before ,

h= (ZA2) 12581225,

Having thus got the value of 4, deduct it from the depth of water in the
channel, and we have the height to which the weir should be raised above
the true bed of the canal.

291, Where gratings are used, these act instead of & weir in check-
ing the velocity of the water above the falls, and the following refers to
their employment in this manner.

As one main object of the grating is to prevent the stream above the
fall to which it is fixed from knowing that there is such a thing as a fall
anywhere below it, the principle to go on in spacing the bars is to arrange
them so that the velocity of no one thread of the stream shall be either
accelerated or retarded by the proximity of the fall. This effected, it is
evident that the surface of the water must remain at its normal slope,
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parallel to the bed of the canal, until it arrives at the grating. The half
foot by which the water tops the bars of the grating, as above described,
causes & sudden drop there, but the acceleration to the current resulting
from so small a fall as this is not practically felt to any distance back from
the fall.

To take an example, let us assume that V (mean velocity) = 081 v
(surface velocity), and U (bottom velocity) = 062 v (surface velocity) in
every vertical line of the current flowing naturally. ‘Then, if we make V =
25 per feet second, we shall have the following velocities at the given depths
below surfaco in a stream 6 feet deep.

Depths below surface. (oot craties ). Remarks.

Surface, ~..eceeieerneinns 0 30864 h\
v 2-8909
2' 26955

Centre, w..ceeseesereenies 8 2-5000 Common difference 0:1955,
4 2-3046 nearly.
5 21091

BOLtom, ....ceceveneseens 6 19136

‘What is required, then, is to shape the sides of a given number of
bars placed in a given width of bay, so that the above velocities may be
maintained till the water touches the grating, when in consequence of the
clear fall the velocity becomes considerably accelerated. This accelerated
velocity multiplied by the reduced arca (of space between the bars) should
give the same discharge, with the canal running full, as the preduct of
the original normal velocity and the original undiminished space, the width
of which is, of course, the distance between the centres of two contiguous
bars.

Thus, taking the lowest film (along the bed of the canal) whose nor-
mal velocity is 1'9136 foot per second, and supposing 20 to be the
number of bars in each 10-foot bay, then the undiminished space for each
portion of the stream will be half a foot, which multiplied by the above
velocity gives a product of 0:9568. Again, taking the same lowest film
as it passes through the grating, with a clear fall, and under a head of
pressure of 6 feet, we find its velocity to be 19-654 feet per second. Now,
if we call the required width of space between the bars at this point 2y, and

VOL. 11, 2y
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assume the co-efficient of contraction to be 0'6, we shall have z, =

00568  __ o
Em = 0-08 foot.

Similarly, taking the film on the level of the tops of the bars, or 0'5
foot below the surface of the water, the normal velocity of which is 2-9887,
the undiminished space being as before 0-5 foot, we get a product of
1'4944; and as the velocity of the film falling through the bars is 5-673
feet per second, we get

144
—%m—044 {foot.

And, lastly, teking the centre film, the normal velocity of which is
25 feet per second, we have a product of 1:25, and ag the velocity of the
same film passing through the grating is 13-89 feet per second, we get

12 o
58 X 06 — 0-15 foot,

Hence it is seen that the sides of the bars should be cut to & curve
convex towards the open space, but in practice this nicety is scarcely
requisite,

=2

e be  'ese 06 a4 g 44 ’u_

! / ;
.

PO S/ M/ /,,/ '///

The effect of entting the bars straight is of course to increase the dis-
' charge through the centre of the grating, and to diminish it at the surface.

But this ’is not found objectionable in practice, for, as mentioned
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above, the surface velocity hes already been somewhat accelerated by the
half-foot drop at the top of the grating; and, in consequence of the tene
dency of the lower part of the grating to clog with matter brought down
by the current, there is no risk of undue acceleration to the bottom velocity.

The above remarks have been limited to a consideration of the effect
caused by the grating on the channel above the fall. Iis effect on the
channel below the fall is equally important, but this may be gone into
separately. For the present it may suffice to remark that the formula in
use on the Baree Doab Canal for the depth below the lower bed of the
channel is

z= Nk &d
in which empirical equation,
z, is the required depth of cistern,
h, the height of fall, or the difference of level between the surface
of water above the fall and the surface of the water below it,

and d, the full supply depth of water in the channel.

All the cisterns with depths thus obtained have answered admirably,
having never required the slightest repair since they were built.

292, Instead of falls, and to accomplish the necessary change of level,
Rapids have been employed with success on the Barce Doab Canal, <. e.,
the fall is laid out on a long slope (15 to 1) instead of by a single drop; the
slope being paved with boulders, laid without cement, and confined by walls
of masonry in cement, at intervals of 40 feet both longitudinally and across
stream. The longer the slope, the more gentle is, of course, the action of
the water; but the greater, also, is the quantity of masonry employed. In
general, the choice between the two is a mere question of expense and
material available. On the above canal, rapids were adopted wherever
boulders were procurable at moderate cost.

Boulders are the proper material for the flooring of a rapid, and brick-
work should not be used in contact with currents with such high selocities.
Even the very best cannot stand the wear and tear for eny length of time,
and stone should be used for all surfaces in contact with velocities exceed-
ing (say) 10 feet per second.

The boulders used should be grouted in with good hydraulic mortar and
small pebbles or shingle. Dry boulder work is not to be depended on for
velocities higher than 15 feet per second, even when they weigh, as much
as one maund each, and are lsid at & slope of 1in 15, There should be
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no attempt made to bring the surface of the boulder work up smooth, by
filling in the spaces @ a .  All that is necessary is to lay the boulders and
to pack them so that their tops are pretty well in line as b ¢; any further

b wa ., aac (DG in would stand a good chance of being washed

%ﬁﬁ p out very soon, and, if it remained, its effect would be

Ll to increase the velocity of the current on the rapid
by diminishing the resistance presented to the water by the rough boulder
work.

The Baree Doab Canal Rapids have tail walls of peculiar construction
for the purpose of destroying back eddies, and of protecting the Canal
banks below the rapid from the direct action of the current. These tail
walls are intended to be so arranged that the heaviest action of water at
the foot of the rapid shall take place in the widest part, and they incline
towards cach other from this point so as to direct the set of the stream
well to the centre of the canal, thus protecting the banks from the direct
action of the current for a considerable distance. At the same time, as
may be seen from the longitudinal section, the tail walls are not kept at
their full height thronghout, but beginning (a little below the point where
the curve ends) at the level of full supply only, they gradually become
lower and lower (slope 1 in 20) till they vanish altogether, where they are
on the same level as the bed of the canal. The triangular spaces behind
the tail walls in plan are filled in with boulders (dry) to the level of the
top of the sloping tail wall; when the full supply is running these tail walls
are submerged and invisible, the rapid appearing to cnd just below the end
of the curve.

These tail walls do not check the * lap-lap ” or ceaseless wave-like undu-
lation of the water below the rapid, but they effectually do away with
back eddies by keeping the current always in onward motion, exposing no
abrupily terminating projection behind which an eddy can form, and at the
same tinge they protect the banks by making that motion moderate in the
neighbourhood of the banks.

In case no such tail walls are given, the banks should be faced with boul-
der work, jamak or piling, for a length on each side, of say 300 fect below
the rapid. Some such protection will always be necessary for the banks.

The maximum velocity of current which a boulder rapid will stand
without injury cannot be exactly determined. But experience has proved
that a boulder rapid with a flooring composed of boulders not less than
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one maund in weight each, well pncked on end, and at a slope of 1 in 15,
will not stand & mean velocity of 174 feet per second.

203, It is clear that navigation must be interrupted by Falls, and
Locks are therefore necessary for the passage of boats, up or down, the ac-
tion of which may be understood by an inspection of the Plate. Suppose
that a boat has to pass from the upper to the lower level, the upper gate
being closed, and the lock chamber being empty. The lower gate is first
closed, the sluices of the upper gate are raised by which the lock chamber is
filled -with water; the upper gate itself is then opened and the boat passes
into the lock chamber when the upper gate is again shut. The lower gate
sluices are then opened, by which the water in the chamber flows into the
lower level, the boat sinking with it; the lower gate itself is then opened
and the boat passes ont. The process has, of course, to be reversed if the
boat has to ascend from the lower to the higher level.

The locks may either be arranged on one side of the main channel in a
bay adjoining the falls, or a separate navigable channel may be provided
round the falls with the lock arranged at any convenient point on its
course. This has been done on the (xangcs Canal, but it is an expensive
arrangement, and the small channels have been troublesome from their
silting up and from the growth of weeds in their beds. The only advan-
tage of the arrangement is to obviate the danger of boats being carried
over the falls; but with proper precautions, such as a floating boom across
the main channel above the bays of the falls, this danger can easily be
prevented.

The size of the lock chambers depends on the sort of boats used and
the amount of traffic. On the Ganges Canal they are 100 x 15 feet. If
the traffic is heavy, a double set of locks may be required, for the up and
down traffic to be worked together.

204, Mills for grinding corn, &c., may be advantageously established
wherever there are falls on the canal, particularly if in the neighbourhood
of a town or large village. A scparate channel may be cut for the mill-
race, joining the main canal again below the fall. The following is a
description of the Pun-chukkee, or native corn mill, in general use on the
canals in Upper India:—

On the mountain streams and rivers in the Northern Dodb, the natives use a water-
mill for grinding corn, which for its simplicity is well deserving attention, as it
might be applied in all countries where a fall of water can be commanded, and
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where a want of efficient workmen renders the complicated and expensive species of
mill machinery, generally used, a matter of difficalty to manage or keep in repair.
In the hands of the natives and with the rude means that they have by them, it may
be perhaps considered the ouly sort of mill that could be turned to any account, both
from the absence of any complication in it parts, and from the simplicity of its con-
struction ; rendering it in any man’s power, for a trifling outlay, either to fix his mill
at any point that may suit him, or to remove it at pleasure ; the only weighty parts
about it being the mill-stones, which howcver, by running a stick through them, and
yoking a bullock or pair of bullocks to them, may in the neighbourhood of roads or
common tracks be also removed with as little difficulty or expense as the rest of the
machinery.

A horizontal water-whecl with floats placed obliquely, so as to receive a stream of
water from a shoot or funnel, the said float-boards being fixed in a vertical axle pass-
ing through the lower mill-stone, and held to the upper one by a short iron bar at
right angles, causing it to revolve with the water-wheel ;—the axle itself having &
pivot working on a piece of the hardest stone that can be procured from the shingle
near at hand :—this with a thatched roof over it, and the expense and trouble of
digging a cut so as to tako advantage of a fall of water,—are the only articles requir-
ed in this very simple mill. The plan is 50 obviously good, not only for the mcans
gained, but also from the simplicity rendering the whole almost independent of repair,
and %o intelligible in its parts as’to come within the comprehension of the simplest
understanding, that it has been adopted generally in all the canals in the Delhi dis-
trict, as well as in those of the Dudb; and with such snceess, that the introduction of
such mills, wherever suflicient fall is provided, is as much an object, on account of
the profit arising to the canal rcturns, as from the accommodation and convenicnce
offered to the community, in providing the means for grinding corn.

On reference to the accompanying Plate, it will be scen that there is only one
motion, and that supposing the materials are good, the permanency of the machinery
depends entircly on the lower pivot. It will also be cvident that there is not a part
of the whole machinery that could not be repaired and put in perfect order by the
commonest village workman, a matter of importance in the absence of mechanical
skill and practised workmen, Whereas in the plainest undershot wheel applied to
a mill for grinding corn, there are no less than three wheels of different descriptions ;
the change of vertical to horizontal motion ; —and three pivots to keep in order, with
a friction, even under the most skilful management, tending constantly to disarrange
the parts, and render the accompaniments of a forge and blacksmith’s shop absolutely
necessary to keep the mill in order.

On tlie canals it hes been found worth while to construct permanent buildings for
these corn mills, and although keeping most strictly to the original simplicity of the
machinery, they are set up with greater care, and means ere given for regulating the
motion, &e., which renders the whole as perfeet as it can well be.

It would appear that a fall of water (that is to say, the diffcrence of level between
the surfaco of the head supply and the float-boards of the water-wheel), equal to three
feet, is the minimnm in which this species of machinery can be used with any good
effect ; and it has been fonnd that with a fall of three feet, the dimensions of the
shoot or funnel require an addition in width, to obtain that by weight of water,
which the smallness of the fall will not give hy velocity alone, and in the dimensions
of shoot given to those of a higher class,
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The following are the particulars of mills on the Eastern Jumna canal, divided
into three classes from the depth of the fall ; the width of shoot on the sill or waste-
board, being 12 inches, and the discharge per second averaging 6:5 cubic feet; the
diameter of mill-stones 27 inches, and thickness 12 inches ;—the corn being ground
into atta or coarse flour.

Fall of Atta
Class. water. ground per hour,
ft. in. md. seer.
No. 1 7 6 1 26
2 b 6 1 5
8 3 6 0 17

The common mills nsed in the Jumna and mountain-streams, are said to grind
from 5 to 7 maunds of atta per day, or in 24 hours ; the machinery being of the
rudest description, the supply of water very small, and a great part of that escaping
through the shoot beforo it touches the water-wheel.

The return to Government on the mills is obtained generally by farming them out
to contractors for fixed periods, who pay so much per day as long as a supply of water
equal to that cntered in the contract is provided, regnlated by the depth of water on
the sill or waste-board ; this return of course varies not only from the powers of the
mill, but also from their position relatively to populous towns and cantonments,

The stones uscd on the canals arc chiefly those from the quarries near Agra, Rap-
bas and Fatihpur Sikri, a coursc-grained sandstone, which requires the chisel every
second day—thcere are three sizes used—

First size, dinmeter 86 inches, depth 12.
Second ,, » 30
Third ,, » 27 ” ”

The two latter are in most general use. Stones of the usual quality last for about
two or three ycars, that is to say, at the end of that period a new upper stone is pro-
vided, and the old one placed below.

”» ”



CHAPTER L.

DRAINAGE WORKS—AQUEDUCTS—INLETS—DAMS—
SUPERPASSAGES.

205, WE now come to the very important class of works by which the
canal is carried over the various obstacles to be met with in its course.

The great expense and intricacy of the works in the upper portion of
most canals in Northern India, is owing to the number of drainage lines
running from the hills, across which the canal has to be carried before it
can be brought fairly ont on to the general watershed of the country. Of
course, 8o far as it can be laid out, it is made parallel to these lines, and
not perpendicular to them, but ewing to their numerous ramifications, and
to the oblique line at which the canal has to start, in “order to get clear of
the river before it can be carried on in a parallel direction, it always hap-
pens that many of these drainage channels have to be crossed; and as
many of them are swollen to formidable torrents in the rains, and all of
them are troublesome, the fall of the bed being great, and their course
often very shifting, it becomes a matter of considerable consequence how
to provide for them.

£296. Much may be done by diversion, i. e., by altering their course so
a8 to make them run clear of the canal. A very instructive example in
"this way was the Chukkee torrent on the Baree Doab Cansl, for the passage
of which costly works were originally designed. The Chukkee at the
time of the commencement of the canal works had-two outlets; just above
the crossing point of the canal, the main channel divided; one, the larger
branch running into the Beas, the other into the Ravee. This latter was
embanked across at the bifurcation, by boulder-dams and spurs of the same
material, protected at the extremity by masonry revetments. By these
means the whole of the water was forced to flow into the Beas and the
expense of the works for the canal crossing saved.
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If, however, the torrent cannot be diverted, it will appear that there are’
three cases under which it may have to be crossed. 1st, When it is on.a
lower level than the canal; 2nd, When on the same level ; 8rd, When it is
on & higher level.

292, In the first case when the torrent or drainage line is on a lower
level, the canal is carried over it on an Aqueduct. The valley drained by
the torrent will be embanked across in the usual way, care being taken that
sufficient water-way is provided under the aqueduct for the torrent to pass
when in flood. Now, an aqueduct only differs from a bridge in having to
carry a water channel over it instead of & road or railway. The bridge
part may be made of wood, iron or masonry. The channel must be water-
tight, and strong enough to carry the water, of course. Sometimes an
iron trough is used, but for large aqueducts a masonry channel is usu-
ally employed, supported on arches, resting on piers and abutments like
an ordinary bridge.

The most celebrated instance of this class of works is the Solani aque-
duct on the Ganges Canal.

This work, by which the canal is carried across the valley of the Solani river,
consists of ah earthen embankment or platform, raised to an average height of sixteen
and a half feet above the country, having a base of 350 feet in width, and a breadth
at top of 290 feet. On this platform the bunks of the canal are formed, 30 feet in
width at top, and 12 feet in depth. These banks are protected from the action of the
water by lines of masonry retaining walls formed in steps extending along their
entire length, or for nearly two and a quarter miles north of the Solani.

The river itsel{ is crossed by a masonry aqueduct, which is not merely the largest
work of the kind in India, but one of the most remarkable for its dimensions in the
woll., The total length of the Solani aqueduct is 920 feet. Its clear water-way is
750 fect, in fiftcen arches of 50 fect span, each. The breadth of each arch is 192 feet,
Tta thickness is 5 feet ; its form is that of a segment of a circle, with a rise of 8 feet.
The piers rest upon blocks of masonry, sunk 20 fect deep in the bed of the river, being
cubes of 20 feet side, pierced with four wells each, and undersunk in the nsual manner.
These foundations, throughout the whole structure, are secured by every device that
knowledge or experience could suggest ; and the quantity of masonry sunk beneath
the snrface is scarcely less than that visible ahove it. The picrs are 10 fect thick at
the springing of the arches, and 12} feet in height. The total height of the structure
above the valley of the river is 38 feet. It is not therefore, an imposing work when
viewed from below, in consequenee of this deficiency of elevation : but when viewed
from above, and it when. its immense breadth is observed, with its line of masonry
channel, nearly three miles in length, the effect is most striking,

The water-way of the canal is formed in two soparate chauncls, each 85 feet in
width ; the side-walls are 8 feet thick and 12 feet deep, the depth of water at full
supply level being 10 feet. A continuation of_the earthen aqueduct, aboht three-

VOL. 1. 2z
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quarters of 8 mile in length, connects the masonry work with the high bank st
Roorkee, and brings the canal fo the termination of the difficalt portion of its course.

208, The second case is where the torrent is crossed on the same level.
It may be a small drainage channe! only occasionally filled, or at least
never bringing down but a small body of water. In that case it simply
becomes an Jnlet, and is provided for by an arched opening through the
embankment, by which the water can be passed into the canal, In this
way all mere surface drainage is provided for at various convenient points,
though as the course of the canal when once clear of the difficult ground
above, lies close to the watershed of the country, the amount of interccpted
drainage is small. ~

But if the torrent is of large dimensions and bringing down a great
volume of water at a high velocity, the above method will not answer; the
the water, Joaded with silt, would choke up the canal bed, and its force
would destroy the embankments and do irretrievable damage. More
elaborate arrangements have thercfore to be made, the nature of which
will, however, easily be understood from the following diagram.

B is a regulating bridge across the canal channel provided with the

usnal sluice gates. A is a dam across the chan-
nel of the torrent provided with flood gates. Un-
der ordinary circumsiances A is closed and B is
open, so that the canal water flows along as usual.

But, when the torrent is in flood, then A must be
open and B closed, so that the flood-water may

e cross the canal, and run down its own channel.
The bed of the torrent below the dam must be
paved for a certain length to prevent erosion, and

the sides of canal and torrent Lave to e revetted for a considerable length.
to prevent their being cut away by the water,

The finest example of these works is at Dhunowrie, on the Ganges-
Canal, where the Rutmoo torrent is passed.

The dam itsclf consists of 47 sluices of 10 feet in width, with their sills flush with'
the canal bed, separated by piers of 8§ feet. The above are flanked on each side by
five overfalls of the same width, having their sills raised to a height of 6 fect, with
intermediato piers of the same dimensions as those in the centre slnices. On the
extreme flanks are platforms raised to a height of 10 feet above the canal bed, and
corresponding in height with the rest of the piers. These clevated platforms, which
ave 17 feet in length, are connected with the revetment esplanade by inclined planel
of masonry carried throngh the flanks of the dam.

i
I
H A
'
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‘The amount of waterway, therefore, through the sluices, up to a height of 6 feet,
is equal to 470 feet in width ; to a height of from 6 to 10 feet, it is increased to 570
feet, and when flood water riscs above that height, the water passes over the full
expanse of the masonry, which is equal in width to 800 fect.

For tho ten sluices on the flanks, the closing and opening is cffected by sleeper
planks for which grooves are fitted to the piers. For the centre openings, drop gates
arc provided, which are retained in their upright position by chains against the
pressure of the canal water from the inside, and which, on the occurrence of a flood,
can be dropped down on the flooring by releasing a catch, and allow the flood water
to pass through the openings. When the flood is over, the gates arc raised upright
by a moveable windluss, the pressure of the water being temporarily taken off by
dropping planks into the grooves.

On the down-stream side of the dam, a platform of box-work, filled with river-stone,
extends to a width of 43} fect from the masonry fiooring ; this is held in position by
double lines of 20-feet piling, strongly clamped together by sleepers fastened on to
the upper surface, the slope of which is 2§ fect on an incline down-stream.

The regulating bridge has ten water-ways cach 20 feet broud, and provided with
gates, to prevent any flood-water passing down the eanal. In addition to this
there is a roudway bridge, and about a mile of revetment walls, all resting on blocks
of brick masonry, sunk to a depth of 20 feet below the canal bed.  The whole of this
work is protected by a forest of piles, and an enormous number of bottomless boxes
filled with boulders. .

By a double tunnel, upwards of 500 feet long, the river, when not in flood, flows
under the canal,

* 209, The third case is where the torrent crosses on a higher level;
when it has to be carried over on an aqueduct, gencrally called, in that case,
a Superpassage, to distinguish it from the first case where the canal flows
over the torrent.  This, of course, becomes a very expensive and trouble-
some work, as a large water channel has to be allowed to carry any extra-
ordinary flood over the canal in safety, and sufficicnt head-way must be
allowed under the superpassage so as not to interrupt the navigation.

1t possesses, however, the great advantage of keeping the canal com-
pletely free from any influx of flood-water from the torrents, which is
always more or less heavily charged with silt. It has the additional re-
commendation of not requiring the maintenance of a large establishment
every rainy season, as in the case of a level crossing, where the regulating
apparatus must be worked by manual labor; and lastly, the canal supply
can thus be kept up uninterruptedly, there being no necessity to shut it
off at the crossing to keep the silt laden flood-water out of the channel
below. These recommendations apply equally to passage by “ aqueduct,”
and render them both generally preferable to a dam when the levels will
admit of the substitution.

There are two fine examples of superpassages in the Northern Divi-
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sion of the Ganges Canal, by which the Puttree and Ranipore tosrents
are crossed. These have a clear waterway between the parapets of 2 and
800 feet, respectively, and when the torrents are not in flood they are used
as bridges of commumcation.

1 have preferred however to give a detailed description of the Secsooan
superpassage as designed for the Sutlej Canal.

Taking the catchment basin of the Scesooan to be 8 miles in length by 8 miles in
width, we obtain an area of 24 square miles, which would give a maximum rain-
fall to be carried off of 7,752 cubic feet per second, agreeing very closely with the
discharge calculated from the area of the section at the canal crossing, with the velo-
city due to a declivity of 1 in 794 ; to pass of this discharge, a waterway of 150 feet
wide by 6} feet in depth, on the above declivity will be required.

The difference of level between the beds of the canal and the torrent is 21:93 feet,
which is thus disposed of 1—

Depth of water in canal, e .. .. .. . e 700
Headway up to soflit of arch, .. .. .e . . .. 1000
Thickness of arch, . . . . . . « 800
Brick-on-edge flooring, .. . . e e .. .. 198

) Total, .. 2198
The canal channel will be spanned by three central arcites of 45 feet span each,
and two at the sides of 32 feet each ; tow-paths 74 feet wide in the cloar will be car-
ried nnder each side arch, leaving an aggregate water-way of 184 feet. The meam
waterway of the canal chaunel is only 177 feet : the addition is made in this work,
in consideration of the impoasibility of increasing its dimensions should the canal be
required to carry a larger [supply hereafter. The waterway for the torrent above, is
projected in one ch 1150 feet wide at bottom, with side walls (head walls of the
work) 10 fect in height, 5 feet thick at the base, 4 feet at top ; the flaoring over the
arches will be formed of asphalte or some substance impervious to water, the upper sur-
face being covered with some hard material, probably a layer of kunkur slabs ; the back-
ing of the abutments will be of puddled clay covered with a flooring of kunkur, slag or
boulders, packed in cribs. The foundations of piers and abutments must here be
undersunk, the surface of the springs lying some 5 feet above the level of the canal
bed, below which it will not be possible to drain. ‘The foundations of the wing-walls
need not be carried lower than the bed of the canal at their junction with the abnt-
ment, thence diminishing upwards by steps, as shown in the plan ; the tow-path re-
taining walls being quite separate from the body of the work. and having no weight
to support, will not require foundations dceper than 4 or 5 feet, which may be laid in
with the aid of pumping ; the wing-walls will be carried out sufficiently far, up and
down-stream, to keep floods well’'away from the edge of the canal excavation ; crib-
work revetments, 180 feet in length, with spurs, will be added at their extremities to
preserve the banks from cutting and keep the current in the proper channel,
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CHAPTER LI.
HEADWORKS—DAMS—REGULATORS.

800. It remains to describe the works which are required for admitting
and controlling the supply of water in the canal, and for distributing it
for the purposes of irrigation.

The works at the head consist essentially of a Dam across the river, by
which the water is held up and checked in its onward flow, and & Regula-
tor across the head of the canal channel, by which the proper quantity of
water is admitted.

In most cases the canal is taken out of a branch of the main river, and
the permanent dam is thrown across the branch only, the water being
diverted from the main stream into the branch by temporary dams con-
structed of boulders, which are swept away on the rise of the river, and
are annually replaced. This arrangement has chiefly been due to the
very beavy expense which would be incurred in throwing a permanent
dam across the main river itself, and perhaps, to a fear of meddling
more than is absolutely necedsary with the normal flow of such rivers as
the Ganges, Jumna, &ec.

But tho disadvantages of the arrangement are very serious, as will be
readily understood with a little explanation. The great rivers rising in
the Himalayas are at their lowest during the months of December,
January and February. In March and April the increasing heat begins
to melt the snow on the high ranges, and causes the river gradually to
swell and rise until the month of June, when the periodical rains com-
meonce, and the river rises still more in June, July and August, in which
last month it attains its maximum, falling rapidly in September, October,
and November.

Now, the months in which the water is more especially valuable to the
cultivator are Febmar} and March, when the spring crop is coming to
maturity, and September and October, just before the same crop is sown,
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i. e., at the two periods when the river is beginning to rise, and commene-
ing to fall. It is, therefore, essential that the temporary dams annually
erected should be in position in September (if possible), and should be
maintained until April; and, in general, they are so; but it not uncom-
monly happens that a sudden freshet may breach or sweep away these
dams before the river has permanently risen for the scason, and when it is
too late to replace them. And, it is always difficult to get the dams built
early in the autumn, partly from the uncertain state of the river which
is vory liable to freshets, and partly from its being the most sickly season
«f the year for workmen.

In each case the valuable rubbee crops suffers, while of course, the
amnual expense of replacing and repairing these dams is also very great.
It is more than probable, therefore, that before long, permanent works
will be constructed at the heads of all great canals, so as to have the main
stream of the river completely under control, and, not merely the branch
from which the canal supply is now drawn.

801, Dams are either made solid, when they are called Weirs (in
Madras, Anricuts is the local term), or they may be provided with openings
a8 is gencrally the case in the Upper Provinces; indeed the term
dam is always understood to mean an open dam in Northern India, or
one partly open and partly closed,

The advantage of the Weir is that it is self-acting, requiring no esta-
blishment to work it, and if properly made ought to cost little for repair,
It is also a stronger congjruction, better able to withstand shocks from
floating timbers, &c. 1ts disadyantages are that its first cost is generally
greater* and that it causes a great accumulation of silt, boulders, &ec.,
sbove it and interferes, far more than an open dam with the normal
regimen of the river. It is possible that in certain cases, this might
result in forcing the whole or part of the river water to seek another
channe, and the possibility of this should always be taken into account,
but if the river has no other channel down which it could force its way,
the accumulation of material above the weir would be an advantage rather
than otherwise, as adding to its strength. The finest example of weirs are
those erected on the Madras rivers, which will be described further on.
The advantage claimed for the open dam is that the interference with

* Not always. The quantity of masonry in a weir is much greater than in an open dam, but
the quantity of fine, and therefore expensive work, is less.
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the normal action of the river is reduced to a minimum, the strong scour
obtained by opening its gates effectually preventing any accumulation of
silt above; its first cost too is generally smaller than that of a weir.

802. A Dam cousists of a series of piers at regular intervals apart,
on a masonry flooring carried right across and flush with the river bed,
protected from erosive action by curtain walls of Masonry up and down
stream.

The piers are grooved for the reception of slecpers or stout planks,
by lowering or raising which the water passing down the river is kept
under control.  The intervals between the piers is generally 10 feet, which
is a munageable leng.th for the sleepers. 1f the river is navigable at the
head, one or two 20 feet openings fitted with gates must be provided to
enable boats to pass.

The flooring must be carried well into the banks of the river on both
sides to prevent the ends of the dam being turned, and the banks and bed
of the river will gencrally require to be artificially protected for some dis-
tance, above and below the dam, to stand the violent action of the water
when the gates are partially closed.

The two flanks of the dam for some length are gencrally built as weirs;
that is, instead of piers and gates the masonry is curricd up solid to a
certain height, so that when the water rises above that height it may flow
over the top of it. The advantage of this arrangement is that it affords
an escape for water in case of a sudden flood when the dam may be closed,
while, when the water is logr, they keep it in the centre of the river and
away from the flanks, and thereby create a more perfect scour.

When the river is subject to sudden and violent floods, demage might
be done Lefore the sleepers could be all raised, one by ome; it is better
therefore to employ flood or drop-gates in such a case; that is, gates
which turn upon hinges in the piers at the level of the flooring and which
when shut are held up by chains against the force of the water. In case
of flood the chains are loosened, the gates drop down, and the water flows
over them, Should the intervals between the piers be over 10 feet, there
would be a difficulty in hauling the gates up again.

A bridge of communication may be made between the piers of the dam
if required. But as it is not desirable to have it obstructed with traffic, it
may be merely a liglit foot bridge, or the intervals may be spanned tem-
porarily with spare sleepers.
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The dsm eud regulator are gemerally close together and conected by a
line of revetment wall.

The Regulator like the dam consists of grooved piers restmg on & firm
foundation carried across the canal bed. As floods are made to escape
down the river, and are shut out from the canal, flood-gates will not be
necessary for the regulator, and the water may be admitted and controlled
either by planks alone, or as is usual, by a gate moving up and down in the
grooves—on to which planks can be dropped when necessary, one by one.
The gates are raised or lowered by a windlass and chains; the windlass ma-
be moveable, or one may be fixed between every two piers and worked by
handspikes.

The piers of the regulator are generally connected by arches so as to
form a regular bridge of communication across the canal.

The bed and banks must be defended by masonry as in the case of the
dam, so as to be safe from the water's action when the gates are open or
only partially closed.

The flooring of the regulator at the head of a canal is a convenient
datum for all the canal levels. A water-gauge should be fixed on it at
one of the piers, so that the amount of water passing into the canal may
be accurately known.

303. The following is a description of the dam and regulating bridge
at Myapore, the head of the Ganges Canal, shown in the annexed Plate :—

The dam, which is 617 fcet between the flanks, is pierced in its centre by fifteen
openings of 10 feet wide each ; the sills or floorings of each opening being raised 2}
feet from the zero line. These fluorings are so constructed, that if neccssary, they
may be removed, and a flush waterway be obtained jas low as zero. The piers be-
tween the above openings are 8 feet in height, so that the elevated flooring leaves
the depth of sluice-gate equal to 5} feet, The piers are fitted with grooves for the
admission of sleeper or vane planks.

The centrical sluices are connected to the flanks by overfalls, rising in gradatlona
of one foot on threc series ; the overfall nearest to the flank being raised 10 feet above
the zero point. The flank walls themselves are 182 feet in height, exclusive of cor-
nice and parapet, which rise 5 feet above them. The top of the overfalls on the
right and left, as well as that of the piers, is fiat ; the former being an esplanade
varying from 7 to 10 feet in width, which, during dry weather, is connected by a tem-
porary communication formed by planks thrown across the sluice openings. This
esplanade is at each extremity terminated by a flight of steps, which gives access to
store-rooms ; in which, when the dam is laid open, and the woodwork removed, the
latter is lodged for security. ‘The two buildings for this purpose are situated on the
flanks ; their floors are raised 20§ feet from the zero point, and their interior dimen-
sions are 30 feet in length by 16 feet in breadth.
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cess of water can be discharged. Estapes, it has been well said, are to a
canal what safcty valves are to a steam engine. They should be provided
at certain intervals all the way down the line, and a double regulating head
should be built at the point whero the escape is taken off, as in the case of
a branch canal. On the Ganges Canal they were projected at about every
40 miles, but much must depend on the convenience with which they can be
made, that is, on the proximity of the canal to the river or water-course
into which the escape is to be conducted. They -should also, if possible
be provided at all dangerous points, such as above a long line of heavy
embankment, where, in case of the bank bursting, great damage would
ensue. The cut should be made large enough, and with sufficient fall, to
carry off the whole bady of water that can reach that point, so that, if ne-
cessary, the canal below the escape may be at any time laid dry for repairs,
without stopping its running above—Dby opening the escape regunlator and
shutting down the corresponding one across the canul. DBy this means
also that part of the canal above the escape may be opened when complet-
ed, while work on the lower portion can proceed.

306, The following is a description of the Khutowli Escape Ilead on
the (langes Canal, at the 62nd mile, the escape itself being an excavated
channel GO feet wide at the hiead and 3% wiles long.

The masonry head consists of 10 openings of 6 fect in width cach, their height
from flooring to the soffit of the arch being 84 feet; the flooring is raised 2 fect
above the canal bed in gradations depending on the working of the gates and sleepers.
The trunsverse width of the flooring is cqual Lo 64 feet, 40 of which form the tail
which is laid on a slope (inclining down-stream) of 1 foot from the level of the canal
bed. The flanks of this work arc protected by masonry revetments, and the usoal
guards of piling and rubble work, with which the Hoorings are also covered and pro-
tected from the wear and tear of the current on its approach and departure, by box-
work aprons. .

In conscquence of the magnitude of the canal embankments at Khutowli, and the
clevation of their upper csplanade, which is 20§ feet above the canal bed, the appara-
tus for opening and shutting the sluices has been covered by a line of building, the
roof of which corresponds with the higher levels, and, therefore, acts as a roadway,
without interrupting the conunumication on the bank. The supports for the wind-
lasses, which consist of upright timbers placed in the form of a cross, act also as
supports to the roof, and give great additional strength to the building. 1t will
be seen by the plan, that the chains attached run over an upper roller, by which
the whole water-way is relicved, by the gate being drawn up through the slit made
in the flooring, and raised es high as the roof : thc design is of the simplest descrip-
tion, it is excecdingly strong, and from its being protected from the weather, and
from disturbances arising from the other causcs, it is boped that the working will be
very efficient.
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RAJBUHAS—MEASUREMENT OF WATER—IRRIGATION
DETAILS.

807, Taz distribution of the water, it has already been explained, is
effected by means of Rajbuhas or principal water-courses, which are small
branch canals with a masonry regulator at the head, from which the culti-
vators make their own water-courses to their fields. On the older canals,
irrigation was carried on from the main channel itself, the water-courses
being constructed by the Zemindars; but the inconveniences arising from
this practice were found to be so great, arising chiefly from waste of water,
that the rajbuba system is now generslly adopted. In this system we may,
as Bir Proby Cautley remarks, consider the canal as answering to the
Reservoir or supply channel in the water-supply of towns; the rajbuhas
or Distributeries as the Mains, and the village water-courses as the Ser-
vice channels.

The rajbuhms, constructed on the most approved system, form a conti-
nuous line of irrigating channel on each side of the main canal, and gene-
rally parallel to it. This line is fed by cuts from the main canal at regu-
lar intervals (say three miles) apart, wherever the levels of the ground
admit of it, and in the rajbuha are fixed the heads of irrigation of all the
village water-courses, which are made by the villagers themselves.

The rajbuhas are laid out by the Canal Engineers, and are under their
exclusive control for maintenance and repair, but on some of the canals
they are atill the private property of the Zemindars, who either advance the
monay for their construction, or repay it to Government if (as is generally
the case) it has been made with Government funds in the first instance.
But it is in every way desirable that the rajbuhas should be comsidered as
part of the firat cost of the canal, even if & higher water-rate has to be
charged to cover the expense of their construction.
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808, The level of the bed of the rajbuha should be fixed rather with
reference to the full supply level of the canal than to the level of the canal
bed, chiefly because it is an object to keep the rajbuha bed at & sufficiently
high level to admit of surface irrigation on its whole line as far as possible.
Moreover, the mesrer from the surface that water is taken off by a rajbuhs
head, the less will be the silt which enters the rajbuha and the less the
annual labor 6f clearing the bed. The bed of a rajbuha will, therefore,
generally be from 1 to 8 feet higher than that of the main canal.

Its section may be as shown in the Plate.

The declivity should be regulated as far as possible by the maximum
velocity of current which the soil will stand without cutting away, and as
the body of water is much less than in the main canal, the slope of the bed
may generally be greater—2 feet a mile is not too much.

If falls are rendered necessary by the profile of the country, they must
be provided on the same principle as those on the main line, and it is
even advantageous to have one at the point where one rajbuha tails into
another, to get rid of back-water and prevent the accumulation of
silt. Escapes aro also advisable where they can be provided.

Rajbuhas may be cleared of silt twice every year, viz.,, in April and
October, or when the water is least required. The floorings of all bridges
and other masonry works built over them, will of course have been carefully
laid down to the proper levels, and will give so many permanent bench-
marks for restoring the correct level of the beds.

809, The* greafer the amount discharged by & rajbuhe the smaller
will be the proportion of cost of maintenance to the revenue derived. This
is evident, when we consider that, “ cateris paribus,” s channel 12 feet
wide discharges more than double the volume delivered by two, each 6
foet wide, and consequently has more than twice their irrigating capacity,
while the cost of patrolling and repairs to banks on the first will be just
one-half that on the two last. The carrying powers of large volumes of
water being also greater, the deposit of silt in the 12 feet rajbuba will be
more gradual than in the 6 feet channels, thus doing away with the neces-
sity of frequent clearances. The actual amount of clearances during the
year ig algo diminished, for & great portion of the silt which would be ra-
pidly deposited at the head of a small line, is carried along and dropped
into the water-courses branching off from a large one. The labor of clear-

* This paregraph in taken from a Memorandum by Major Brownlow, R.E., lats Superintendent
of the Bastarn Jumna Canal,
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atice is thus in some messtire thrown off the cltivatory, whe Wolld knve
to pay for it in any case, but by whom it is mach more cheaply ﬂpm-md
than by the Governeng working parties. For the above tessotis, Major
Brownlow advocates the adoption of capacious heads for rajbitha channels,
the limit of discharge being the ability to control the volumie of water in
case of a breach. Experience seems.to prove that irrigation fhay be safely
and most profitably carried on from channels 18 feet wide at bottom, with
side slopes of 45°, depth of water being 33 to 4 feet, provided that the bed
be kept at least 2 feet below soil for the first ten ‘miles of its course, and
that no outlets be allowed in subsequent embanked portions of the line.

Alse that no rejbuha maintsined by the Government should have = less
width than 6 feet at head. On the Eastern Jumna canal during 1858-59
and 1859-60, the revenue from all rajbuhabs of 12 feet head water<way
and upwards, amounted to rupees 1,29,618:76, while the expenditare on
their maintenance was rupees 16,038:05, or ‘128 of the revenue. The
revenue from all rajbuhas below 12 feet water-way at the head was rupees
2,67,049-83, and cost of maintenance, rupees 56,579-87, or 228 of .the’
revenne, being very nearly double the proportion in the first case.

The economy of water on the large channels is equally marked, for,
during the above named two years we find the revenue from

7 rajbubas of 12 ft. head water-wpy and upwards, Rs. 1,29,618'76
9 , of 6, " » » 2,16,452:86
2% , o3, » » » 50,61697
giving an average revenue per annum of
Rupees 9,258'48 from a rajbuba of 12 feet head water-way.
» 2,208:68 ” of 6 ,, »
. 87270 " of 8 , »

Messurements made in 1855 gave 86, 82, 4nd 22 cubic feet, as- the
relstive discharges in cubic feet per second from 12 feet, 6 feet, and 8 feet,’
héads onsthis canal; but subsequent measurements suggested a modifica-
tion of, the proportion to 90, 82, and 22; adopting which, we have 2s the
rollhvewdw of a cubic foot of water per annum-— -

. " Rupees 10287 on 12 feet rajbuba.
' ' ” 6850 , ‘6 , »n
”» ,.89‘65” 8”-.”
orl0: ‘I 4.

The increased mﬁon of absorption and - evaporation on. the snull cbm-:
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nels, with diminished volumes and feeble sluggish currents, accounts for
the differance above shown, . .

The depth of twater in rajbuhas should never exceed 4 feet, but in carry-
ing out-a new line of irrigation we should aim at ke%ping the surface of
water st abont 1 to 14 feet above the general surface of country, so as to
gecure irrigation by the nalural flow of water. Under these conditions

_breaches in the banks need never bo feared, with ordinary care in their
constroction and maintenance. This object, however, is to be kept in due
subordination to the primary desiderata of a reasonable longitudinal slope,
and an alignment following the watershed of the country.

‘Where the existing sapply on a rajbuha becomes insufficient for the de-
mand, it will be in the end found more economical to increase the dis-
charge by widening the original channel for a suitable distance, than to do
so by carrying the required additional volume down from a second head as
is often done; against the latter course all the arguments before adduced .
hold good, while the back-water from the head which is ruoning the
strongest, is sure to check the velocity of water in the other, and so im-
mensely accelerate the deposit of silt.

Two heads may under peculiar circumstances be required for a rajbuha,
but in such & case, their junction should be at least two miles from the
main canal, and Major Brownlow dissents from the general opinion that
the necessities of irrigation require a rajbuha being thus provided. With
ordinary energy and arrangement, a channel can be cleared of silt at the
head in four or five days, and not even rice will suffer by being deprived
of water for that time if care has been taken to give it a good watering
previous to the closing, which timely warning to the cultivators will always
ensare.

The rajbuhas on the Eastern Jumna canal have longitudinal slopes of
all inclinations from 4 feet to 6 inches per mile. The former is however
too great and the latter too small ; 2 feet per mile is perhaps the best slope
to give, and no great inconvenience is experienced with slopes of 1 foot per
mile, but below ‘this the deposit of silt and contraction of chaunel from
growth of weeds become most annoying in small rajbuhas.

The system of raising water to the level of the country where it runs
below the surface of soil by stop dams or planks, introduced into grooves,
constructed for the purposes, cannot be too strongly condemned. ' These
convert what should be a freely flowing stream, into a series of stagnant;
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and unwholesome pools, encourage the growth of weeds end the deposit
of silt, and are in every way objectionable. Besides, with & reasonable
slope in the surface of the country, it will be generally found that for every
beegah of irrigation thus secured, ten can be obtained further on by the
natural flow of water, Be this, however, possible or not, it is decidedly
better to resort to any other means of raising the water to the level of the
country than the above wasteful and unhealthy expedient.

The following statement shows cost of maintaining the rajbuhas on the
Eastern Jumna canal daring 1858-59 and 185Y-60, including share of
establishment payable from tuccavee account :—

Year. Cost of repairs. Water-rate. Area irrigated. “‘ifg:n":ﬂ of
RS, 1S, ns, Miles.
1858-59 39,448°64 1,66,378:16 2,46,41045 }
€01-71
1859-60 86,729:52 2,45,205°70 3,68,985°76 f
Mean, 88,0868 2,05,792:28 8,05,197-10 l 6017,
From which we deduce the following average results ~entage of

repairs on water-rate, 1850 or 2 annas 11} pie per rupee; cost per
beegah irriéated, rapees 0125 or 2 annas; cost per mile of channcl,
rupees 6329,

The expenditure on rajbuha repairs has been much reduced of late, by
the system of driving at furlong distances across the beds of these chan-
nels, a line of stakes with their heads at correct levels of bed. Unifor-
mity of slope is thus ensured, measurements of silt clearance are easily
checked;s and & momentary glance shows whother the work has been
efficiently performed. At least once a year, the bottoms and side slopes
at the ends of long lines of irrigation, should be scraped and ent away
to the proper section, as nothing hinders the progress of water and
encourages the growth of weeds so much as irregularities of bed.

The rajbuha heads have already been"described; those on the Eastern
Jumna canal are 6 feet wide; while the feeders are 3 feet. The capacity
of channel has of course to be fixed with reference to the slope and amount
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of water required, the latter being determined by the area of land requiring
irrigation.

$10, The village water-courses reccive water from the rajbuha by means
of Lolabahs, which are long wooden® tubes with a rectangular transverse
scction of fixed dimensions running under the rajbuba banks, being closed
wieo required by a sliding wooden shuiter. They should be fixed rigidly
in a horizontal position and st vight angles to the rajbuba bed ; the bottom
uf the kolabah being slightly raised above the level of the latter.

The lrrigutivie outlets, or * kolabas,” on the Eastern Jumna canal are
of tae kinds. ¢ Tull.” mewsuring, 8”7 x 10” (the latter dimension being
vertieal); and < halll measu 1y 87 X 5%, The conditions of discharge
vary indefinite  auth each outlet, hat 2 cubic feet may be assumed as
tie aveenge volunie delivered by a fully and e cubic fuot as that delivered
by o half, kolaba, per second,

Kolabas an the Fastern Jumna canal were formerly placed at various
Benrhifs above the rajbuba be! diminishing from 1 foot near the head
@ U auches oo Jess, atb the il with the view of eqnalising, in some
e, urey the wwad of water on each.  Dut in practice this plan was found
et aneonvenient, e cloring periods of small expenditure of water, it
beermie neeessary {o r wewrly o full supply in rajbubas to give the
% Tsfae o e hend any water at all, and the channels at the tails of long
Yo imeame o Zoogd that breaches in the banks were sure to ensue.
bestles, fho exeerior conditivns of dJischarge vary so much as to nullify in
& _reat messure all interior areangements.  The outlets are therefore, now
beilt all flush with the bec by which means the irrigators at the head can
obtaim water widi a low supply in the rajbuba, and sny extra advantage
thereby gained can be compensated for by longer ¢ tateels” when neces-
nary.

311. When the supply entering the head of any irrigating channel be-
comes insufficient for the demand, it is necessary to distribute ahc water
fuirly by closiug or diminishing the supply entering the outlets near the head
Tor a certain tone, and thus forcing it down to the tail.  Such a closing of
outlets is known ax o “{futeel.” It is better uot to impose & “tateel ” on
rajbuba hoad' ' % to regulate the supply entering them according to the
demand lowey down the canal.  The advantages of a constant but moderate

* Whenever possible the tube should be of more lasting material than wood. Eafthenware pipus
e84 in concrete, with maeonry «uds, are now genernlly used.

VOL. 1L, 38
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supply in rajbuhas are, that embankments are kept moist and are thereby
less liable to crack and be breached by water, and that the growth of grass
and weeds in the bed is checked. On the Eastern Jumna canal, it is the
custom to allow 9 inches of water 1§ fall over the upper edge of the planks
in the grooves of a first class head (6 feet water-way), and 6 inches over
the upper edge of those in grooves of a second class head (3 feet water-way).
When the supply thus admitted is insnfficient for the demand on the raj-
buba, “tateels™ are placed on the kolabas near the head for certain fixed
periods. Where taleels become an established custom, as they must do on
every fully developed system of irrigation, it is advisable to impose them
over long portions of a-rajbuba at once; and to fix certain days of the
week for their maintenance. Short lengths of tateel have very little effect,
besides being nearly as troublesome to watch as long ones, and zemin-
dars will remember days of the week who cannot be brought to recollect
dates. On ihe Eastern Jumna canal, netices of tatcels are given to
irrigators who close their kolabas of their own accord at the appointed
time. On long lines, the outlets on the first length (near the head) are
closed for four days of the week, and on the second portion for three days,
thus ensuring & permanent though moderate supply to those at the tail.
‘Water-courses more than three miles long are allowed to run at all times.

312, Field irrigation is known as Zor or Dal,* according as it s, or
is not, surface irrigation. In the former case the watcr flows over the
fields through cuts in the banks of the water-course which are then closed.
In the latter case it is raised or thrown on to the land, usually in a pri-
mitive manner by men with shallow swing buckets and ropes. Of course
less is charged for water supplied to land where the levels do not admit
of tor irrigation.

813, Water-rates are assessed on the area irrigated, and vary accord-
ing to the nature of the crop and the amount of water it requires. A
separate ggrangement and payment is either made for each harvest, or a
contract is made for a certain number of years. The measurements are
made by the Canal Officers, and the amount due by the different villages is
recovered by the Collector of the district.

The Water-Rates of the Eastern Jumna canal are assessed on the
irrigated area of different classes of crop"gz. The measurements of these
areas are conducted by the Zillahdars, and checked by a ¢ darogah of

® Torna to break (the bank)., Dalna to throw (the water).
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measurements.” During October and April of each year, each Zillahdar
commences measuring up the irrigation of the preceding fusl. Four chains
are enough for one man to look after; each chain requires two * mirdas”
and a “mohurrir.” The area measurement by one chain in s day varies
of course with the size of fields and nature of crops. Khureef crop, 100
beegabs; rupbee, 200 beegahs, Canal beegahs == 165 feet square = 8,025
square yards == § acre. Measurements made with chain of 825 feet
divided into 10 guttas of 825 feet, subdivided into 10 kurries of -825 feet.

The measuring party is accompanied by the chokedar, who points out
the irrigation, and by the lumberdar or putwarree of the village, who gives
the nawe of the cultivator. All measuring parties should be frequently
visited by the Executive Engineer and his Assistunts, who should person-
ally verify the accuracy of the work previously completed.

314. It is clear, however, that the fairest method of charging payment
for water is to scll it as one would sell any other article; that is, according
to the quantity taken. It cannot make any difference to the canal proprietor
what becomes of the water after he has once issned it and been paid for it,
and o have 1o enquire to what purpose it has been put before he can fix
or vieoive its pri(.“c, is naturally productive of vexatious interference, and
unnceessary expense and delay. Unfortunately, however, the difficulties
in the way of delivering water by measnrement have hitherto been found
insuperable, chicfly because no practical method has yet been hit upon of
measuring the water under a head of pressure constantly varying ; for not
only does the surface level of the water in the main channel continually
change according to the amount of water taken off above, the amount of
rain-fall, &c., but the deposits of silt at the head of the distributing
chanuel would also cause the quantity discharged to vary continually.

The ordinary form of orifice through which water is discharged for
irrigation is rectangular or circular, the orifice being set vertically in
the side or end of the chammel forming the source of supply. "s, if AB
represent the level of water in a canal, and z an orifice through which that
water issues, as long as the level is uniform the cultivators will receive an
uniform supply. Let us suppose a cultivator pays for a continnous dis-
charge through un opening with the water standing in the source of supply
one foot above the centre of discharge 2. In other words his contract is
for his orifice to remain open, and for Government to maintain the supply
at the depth Az, or one foot.
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Now, the velocity with which a fluid issues from an orifice is as the
square root of the depth of the centre of discharge of that orifice below
the surface of such fluid. In the case of a small orifice its true centre
and its centre of discharge may be taken practically to be the same.
Therefore, should the surface level instead of being one foot above x,
happen to fall 9 inches, the cultivator would receive merely Aalf his due,
whereas that level must rise 8 feet, or four times the preceding amount to
give him double his due.

815, What the Italians have done to obtain an uniform discharge, as
explained in Colonel Baird Smith’s work, may be summed up in very few
words. Instead of irrigating directly from the sonrce of supply, they
make use of an intermediate chamber, EF; AB being the source of supply,
the water is retained by the wall G, which is fitted with the lifting sluice
gate Hx. This sluice gate is lifted or depressed by hand, so as to main-
tain the water level EF, in the next chamber, uniform, and at the stan-
dard level, and as long as this is done, and there is a fall out of the
chamber EF, the cultivator gots exactly what he pays for.

This apparatus, however, is very imperfect. It only mitigates the evil
mentioned above, and affords no protection against the carclessness or dis-
honesty of the officials whose duty it is to work the sluice gate Huz, raising
and depressing it as the hcad pressure of water in the canal varics. It
has, however, the practical advantage of enabling the cultivator to satisfy
himself that he obtains his rights more easily, by watching the water level
EF, than by examining the height to which the slnice Hz is lifted; to do
which, to any purpose, he must-understand, and have access to the inform-
ation possessed by the canal servant regulating the discharge.

1t is evident that to give an uniform discharge, contraction of the orifice
or water-way must take place in proportion as the depth of water increases.
And Col. Goodwyn proposes to employ a cone fitting into a circular orifice
which byllneans of a pully and balauce float should sink as the water rises
and rise as the *ter sinks, .80 as always to allow the same amount of
water to flow through the annular space round the cone. I am not aware
that this has been fairly tried, and should almost fear it would be too de-
licate for getnal use, but it has been found by a long series of experiments
to be practically correct within & very small fraction.

In the project for the Soane canals the rajbuha heads and village water-
course heads are on the plan of the Italian module for measuring water, as
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MEASUREMENT OF WATER.
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PLATE LYV

DETANR G OF DISTRIBUTARIES,
As desigued for the Suune Canals.

Faull orn a Dustributary weth
agurdedd over tacd

el S —

i
i
1
1
' - Il
. : i
i : - |
. i 4
A\ ) - - . . !
W -k R , f | e |
. o) :
v > . ‘ [
N H R {
e '
f . i i
. - o Fiv e et !
5 : . 2
. .
—_— " ’
' p |
- L 4
. e

e

copne o Drars gecpuassire vise Palritwdary unes ancther 2
bl o orer @ A rntaege e

et

Vitiage water comne thad fis micuswrtng the water nih diesun

Srovi the Do ribidiry

rlar ver all

§
!
| ; : : [ HE :
—— r — [ S
: . 1 |
i (I 1
! [ i
J ! b e o
rooyd
. cae — —— . _J i
i
. !
Hewdd Elerwtear Cernttre Cross Secttor Tat{ Kleration 1.
[ [ N ‘ - L !
. i : :
Do ' o l ' !
! 16 :-4 |- V»—I i
[ R e |
i »z ' —! ;
# | ! |
— . . H _.d !
oenttng w2 hE e deocharge § cubte fool perstcosd wria v a Nt of 4 irches I
DY b2 A i
DeAss . . 1
A’-n. TR ' P “ . R -,v- R _-—-v (7274 |
- S e - - S

Twn . mmers






WATER—IRRIGATION DETAILS. 373

described above, . ¢., to reckon the water by the discharge nnder a given
head which is known by the ordinary hydraulic rules, either (1) when the
discharge takes place freely into the air, or (2) wher it is simply a des-
cent from an upper to a lower level.

The latter method is the ome used.” In both cases the front sluice
board is used to admit such a supply as shall just keep the level of the
water in the interior chamber at the mark denoting the desired head of
supply. But on the village water-course heads it would be impossible to
supervise the working of the head sluice board. It can only be used to
shut off the supply when the water is not required. The level of these
water-course heads must be so placed that when the intended supply of
water is passing down the rajbuha, every village water-course may just
bave its proper supply, as contracted for. The regulation must be at-
tempted only at the rajbuha head, and the Government will lose a portion
of the tail surplus, and the other villages or cultivators gain it, when
one or more villages or cultivators let thgir modules remain closed.

316, The following is a description of a new water Module, invented and
patented by Lieut. Carroll, R.E., which is now being tricd on the Ganges
Canai, and which promises to be the most successful yet invented.

To the month of the kolaba a valve is attached of tho form and dimensions shown
in the Plate, and which mny be made of brass or iron.

it mode of action is very simple. When the plate which hangs in front of the
tabe is down, the quadrant which is attached to it, is at its highest point, and it will
be seen that a free water-way exists through the tube and between its nnder lip and
the plate in front. If the plate be raised the quadrant sinks into the tmhe, and
reduces the water-way in proportion to the angle the plate is raised through.

Now, if it bo desired to obtain an equal discharge while the head of water in the
the canal varies from 8 fect down to 1 foot, the plate is weighted so that the force of
the issuing stream at a 1 foot head shall Le just mnable to move the plate ontwards.
As the head rises above this the velocity of the stream becomes greater and drives
out the plate, thus reducing the water-way till, at a 8 feet head, the plate will remain
at & very high angle, and the quadrant will close a great part of the water-way of the
tube, The curve of the plate is so adjusted that it shall rest at such an angle as to
give the same discharge as at & 1 foot head ; when this is done, it is found that at all
intermediate heads the discharge remains almost the same. -~ Experiment gives 1 per
cent. as the erdinary deviation from exact equality. This module can be equally
well goplied to regulate under lower heads such as from 1 foot to 8 inches, but
roquifes lighter weights and some other simple adjustments.

The merits claimed for this module are simplicity, cheapness, non-liability to de-
rangement or choking,.and the ease with which it can he profected from injury by
enclosing it in a mmiall masonry or iron chamber.
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817, The dxsadvanuges of lrea payment, are go eerious, that the
system of water mensurement by discharge will no doubt be generaily in-
troduced before Jong in stme form or other, care being taken to leave a
liberal margin in favor of the Zemindars, On the Ganges Canal & partial
introduction hes already been ma¥le, by fixing the Pymanak, or standard
water mauure, 8s delivered at the rajbuha heads according to a more ac-
curato standard than has hitherto been done. The following is from the
instructions issued by the N. W. Provinces Government in 1855, and sup-
plemented by the late Col.’ Baird Smith, when Buperintendent General
of Irrigation, for the guidance of Canal Officers.

The standard neasure for water issned from the Ganges Canal to be
termed the Pymanah, and to be divided decimally into Duswas and Dus-
wansees, thns :— )

10 Duswansees == 1 Duswa.
40 Duswas =1 Pymanah,

The standard measure or pymagph, to consist of that quantity of water
which shall flow in one second of time through a rectangular opening one
Joot in length by four-tenths of @ foot in height or breadth, under a con-
tant head of pressure of three-tenths of a foot measured from the upper
edge of the opening.* This opening to have its lower edge horizontal.
To be made in a slab of stone or other material not more than two-tenths
of a foot thick, or as much less as may be practicable; the water arriving
at it with the least possible velocity and escaping from it with a free run.

No single opening in any outlet for irrigation to be made to discharge
more than four pymanahs of water.

The uniform employment of the pymanah in all transactions is enjoined.
The maintenance of its conditions' as above, with invariable rigidity is
simply impossible; but with a liberal allowance in favor of the Zemindars,
under all prdinary circumstances there will be no reasonable ground of com-
plaint, while for xtraordinary circnmstances special consideration will be
had. Superintendents should keep in store a supply of Agra stones to meet
the demand for thein, as the best material for the pymanah. Each stone to
be 2 feet in length, 1 foot to 1 foot b inches in height, and from 1 inch to
2 inches in thickness, never exceeding the latter, which is the maxitfn as
fixed above. Centrically in each of these stones the messuring outlet to

* This should amount to a constant discharge of 138 cubic feet per pecond, but ft appears to hava
beon dovised a8 the nearest practical approach to & discharge of 1 cubie foot.
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be cut so as to give the pymana¥ or parts of a pymansh that may be re-
quired. To do this, the only dimension in the outlet that varies, is the
length, whizh for one pymanah is 1 foot, for five duswas 5 inches, for one
duswa 1 inch, and so on. 'When less than a pymanab is applied for, the
head should still be bailt with the dimensions for a full pymanah, and the
actua] quantity required should be given through a measuring outlet of the
necessary size. It is highly probable that all who begin with small de-
mands for water will in time Qesire to increase them, and when they do, it
will only be necessary to take the stone out of the masonry, cut the aper-
ture to the larger size desired and then replace it, all the rest of the irriga-
tion head remaining as before. 'When more than one pymanah is required,
it will only be neccssary to provide a larger stone, and to modify the other
dimensions of the head to suit it.

The standard of linear méhsure to be the foot, decimally divided.

The standard of superficial measure to be the square foot, divided as
above.

The ~tandard of cubic measure to be the cubic foot, divided as above.

The standard of land measure to be the canal beegah of 55 yards square
or of 1,025 square yards, divided into 20 ghuntas, each containing 151-25
square yards. 1:6 canal becghas make one acre, and 1,024 make one
statute square mile,

The standard of time to be the second.

The standard of work done in irrigation will for the present be 300
beegahs per annum for each pymansh of water. This is nothing more
than a rough average given to facilitate the general adjustment of the
capacities of channels to the areas they are to irrigate. The precise
determination by experiment of the quantity of water required for the irri-
gation of land under different crops, is a matter of very great importance,
and every officer who can add to our knowledge of such details will do &
most valuable service to the canal. In giving the above standard it
should be considered, not as a good one, but as the best to be extracted
from the information as yet accessible on the subject.

The standard formula for calculating discharges in open channels to' be
Dubuat’s, or -

— 307
= -0 —-03
V=(~r—01 (JF—;Nap.m(a-;-l-a) )
Where V is the mean velocity in inches. per second, r the mean radius

obtained by dividing the transverse section of the stream in square inches,
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by its perimeter (omitting the breadth #% the surface) in linear inches, s
the length of the surface of the current whose height is unity (= cosec.
angle of glope).
The standard formula for celenlating discharges in closed channels and
under pressure, will be the following:—
D=%ml {(h+p)i—r}| %
Where
D = discharge in cubic feet, or practically in pymanahs, per second.
m == constant of contraction which for all ordinary cases, may be taken
at 0-GO.
{ = length of measuring outlet in fect. .
h = height of ditto, ditto.
p = head of pressure above upper edge of.outlet in feet.
g = 32-174.
Tables have been drawn up to fucilitate calculations by both the above
formuls, )
818, The papers which will be required in settling each contract for
water are the following :—
1st. Khusrah Ab Pashee, or irrigation field list.
2nd. Teerij Ab Pashee, or distribution list of the irrigated lands among
" the proprictors or cultivators paying water-rate.
3rd.  Jummubundee Ab Pashee, or water-rate roll, showing the amount
that each individual has to pay under the different heads for which any
payments on account of the canal may be claimable from the village.
These heads are—first, Water-rate as fixed by the terms of contract;
second, tuccavee (advances)* for original eonstruction of the rajbuha, which
will be recoverable by such number of instalments as may be determined
on by Superintendents in each case. In an approximate way the delivery
of cne pymanah of water through means of rajbuhas will cost in capital
the sum of rupees 850, and so soon as a village has paid this sum, it may
be absolved from all further claims on account of original construction of
rajubias, provided, of course, its consumption of water is limited as above.
Any increase would be paid for at the rate of rupees 350 per pymanah,
and this payment would give a perpetual right to the use of the rajbuba.
* The tucouveo system of advances has regently been abolished. Zemindars wanting new water-

courees, must either make them themselves, or else lodge the estimated cost in advance with the
canal nutborities.
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Provision shonld be made for the recovery of the original expenditare on
rajbubss within five years from the time when any. contractor enters into
the rajbuha association. This would give a charge for contracts at the
rate of rupees 46 per pymanah for the khureef, and mpees 24 for the
rubbee, or in atmual contracts, rapees 70 per annum.

4th. Tuccavee for repairs and maintenance of rajbuhas. W'hxch nhonld
not exceed from 4 to 6 annas, per beogah, annually.

5th., Tuccavee miscellaneous, which will include charges for minor
items, such as building irrigation heads, drainage, and the like.

6th. The Theka Ab Paskee, of irrigation contract, in which the varions
terms agreed upon between Superintendents and Lumberdars contracting
for villages will be recorded.

On sanitery considerations no water shall be issuned from the Ganges
Canal for the irrigation of khureef crops within the following distances
from inhabited places.

From military stations, 5 miles.

From native towns, containing more than 10,000 inhabitants, 1 mile.

From native towns, containing more than 5,000 inhabitants, half a mile.

From large villages, containing more than 1,000 inhabitants, quarter of
2 mile.

From villages, containing less than 1,000 inhabitants, 200 yards.

And for the purposes of this rule the distance specified shall be measur-
able from the outermost houses forming part of the station, town, or
village, concerned.

It shall be competent to Superintendents of Divisions, with the sanction
of the Director, to refuse to grant water for irrigation, in localities which
appear naturally to possess a malarious character.
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CHAPTER LIIL
DUTIES OF CANAL ESTABLISHMENT.

819, Tur following extracts from Colonel Baird Smith's instructions,
above quoted, slightly altered to suit recent changes, give a brief summary
of the duties of Canal Officors.

Revenue.—The general management of all details in the revenue depart-~
ment of each division of the canal is vested in the Executive Engineer.
He is responsible for the first formation of the contracts with Zemindars,
for the judicious apportionment of the water-rates, and for the prompt
realization* of the amounts due by cach village to the Government. It is
farther his duty to sce that the revenue records of the division are com-
plete and kept with neatness, safety and scrupulous accuracy. He is also
responsible for the efficient administration of the miscellancous canal re-
venue, and it is to him that the chief Government will look for the gradual
increase of thig, by the establishment of additional mills where they are re-
quired, the careful disposal of canal bank produce, and the encouragement
of traffic on the canal. To enable him to dischaurge his revenune duties
efficiently, the Executive Iugineer was formerly invested with the powers
of a Deputy Collector, under which he was competent to employ all the
means sanctioned by the regulations for enforcing the prompt settlement of
the Government demands, excepting only that if he considered it expedient
to proceed against the real property of defaulters, he had to address a
requisition to that effect to the Collector of the District, within which the"
said property was situated. '

In subordination to the Executive Engineers, the Assistant Engineers
of dlivisions are, after acquiring some experience, authorized to exercise the
same powers as the Executive Engineers themselves, on the responsibility
of the latter.’ -

The principal native agent of the Superintendent in all revenue matters

# This last duty now devolves on the Collector of the district.
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whatsoever, is the Zillahdar, and on his cfficiency, the working of the
canal revenue system in detail almost entirely depends. All the vernacu-
lar records and accounts are preparcd under the order of the Executive
Enginecr by the Zillahdar and his establishment, and. through him those
monsures which were necessary for the rcalization of the canal revenue
were taken. He watches over the distribution of the water through the
agency of the chokedars, and brings all defects thercin to the notice of the
Exccutive Engineer.

Considering the important dulies entrusted to Zillahdars, only men of
kuown respectability and good character should be employed. They
should be personally active, intelligent and well versed in accounts. If
they arc acquainied with the land revenue system of collection and accounts,
it will bo an additional recommendation to them, as the canal system is in
all essential particulars, almost identical therewith.

The Yilluhdar and his establishment should be employed only in revenue
matters. It may occasionnlly and on emergency be expedient to nse them
iu eonnection with the works, but as a gencral rule, the less they are di-
verted from their legitimate finctions as revenue officers, the better are
thuse likely to be performed.

The Zillah Chuprassies are intended to assist the Zillahdar in making
ninor collections, or such other general work of the kind as may have to
be provided for.

DPolice.—The general supervision of the Police arrangements of divisions
resty with the Executive Kuginecrs, and on their judgment and vigilance
the cfficient protection of the works and water of the canal mainly depends.

The powers of Executive Engineers for the above purposcs are clearly
and simply defined in Act VIL of 1845,

While the general Suporvision of Police, in common with all other
arrangements, rests with the Executive Engineers, Nutive Deputy Mugis-
trates have been appointed in some divisions, with the special object of
relieving the Exccutive Engineer from the details of work of this kind.
These officers have the same powers as the Executive Engincers them-
selves, but every order they may pass is liable to revision by Execive
Engineers, if appealed against within ten days from the date of issue,

The Assistant Engineers may also be made nse pof in managing the
Police details of their respective subdivisions, But Ixecative Hnginecrs
should be careful to satisfy thomselves that young officers of this grade
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are competent to use their powers with judgment, discretion, and due
consideration for the Zomindars, before permission is given to them to
exercise such powers, . .

The Zillahdars have the same powers as subordinate officers of corres-
ponding grade in the district civil Police. They can collect evidence in all
cases included within the Canal Act, and report on the same to their
proper superiors, but they have no power to punish, and the exercise of
their capacity to enquire should be carefully scrutinized, and every ap-
proach te the use of improper means to oxtract evidence should be sum-
marily and severely checked.

The Chokedars are the private Policemen of the cemal. It is their
duty to watch the works and the water within their respectiv heats, that
neither be damaged in contravention of the Rules. They report through
the Zillahdar to the Deputy Magistrates, or Assistant, or to the Execu-
tive Engineers, as may be most expedient in each case, and in accordance
with the subsidiary rules which may be issued in each division by the
Superintendent thereof.

The most frequent offences are the following, which .re given in the
order of their frequency, beginning with the most common of all, viz. : —

1. Trespass by cattle. 4. Obstructing channels.
2. Stealing water. 5. Wilful damage {o works.
3. Wasting waler.

These are all punishable by fine or imprisonment.

820, To the above may be added some practical .iints extracted from
a Memorandum by Major Brownlow aleady quoted :—

General duties of Establishment.—An Executive Engincer should not tie
himgelf down by assuming direct charge of works or administration of any
particular portion of canal, but reserve himself for gencral supervision free
to nove wherever his presence may seem desirable, Having once distri-
buted subordinate charges to the best of his ability, let him aveid as much
as possible frequent changes in their extent or ¢ personnel.” These tend
to unsettle the establishment and render it difficult to apply past cxperience
or to trace and check irregularities. They deprive a good man of much
of his interest in his work and of his acquired local knowledge, while a bad
one is seldom bene!ﬁated by change of air; ¢ ceelum non animum mutant.”
The exceptions to this rule will be noted hereafter.
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As a rule all necessary orders should be given through the officer
in charge of the work under inspection and not to his subordinates.
When one of the latier is present and the former absent, the temptation
to break this rule is often great, but except in urgent cases it is best
adhered to, a contrary practice being decidedly subversive of discipline
and good order. All orders especially to natives should be clearly con- ,
veyed in writing.

A Superintendent should constantly place himself in communieation with
zaauindars and villagers, unattended by the usual train of native officials.
Thou and nt G} then will they fearlessly state their grievances. He
shoulu tranzuer ol business in the vernacular as publicly as possible, and be
perfectly aeo i ni cortain fixed hours of every week day.

Anonyt © - .ewns should never be listened to, but the repetition of
open anil ace, vl complaiuts, even though apparently disproved or

grossly exagweratea  a symplom not to be disregarded. They show that
something .~ anuoyiug the people, and though most natives will on elight
foundation build up an astounding accusation, villagers will seldom go out
# {liesr way to tramp up a tolally groundless complaint.

Avsistant Engincers should be held responsible for the maintenance in
woriang srder o6 a reasonable cost of the sub-divisions entrusted to them;
for jwlice arrangements and f{or proper distribution of water. To enable
e, fo et ohadr expenditure on current repairs and original works, they
shordd ledgec 4 an eoughly every month, (including cost of materials at
Ceptrnl Officn ~.t0s ) 1he Frecutive Enﬁineer keeping them distinetly in-
formed of total <ot sllotte. to each account. They should be personally
acyvatnted with the principal Zemindars irrigating from the portion of
capad in their ¢ . v, aud with the characters and capabilities of all their
native subordinates. They should kuow the number and irrigating capacity
of outlets on each rajbuha entrusted to them. Should “tateels”* not have
beer previously established they should arrange them when necessary and
sec that they are strictly adhered to. They should take every opportunity
of verifying the accuracy of any measurements of irrigated land that may
be going on in their vicinity. A young hand is apt to suppose that when
once his rajbuhas arp in good order he need not often inspect them, than
which there cau be no greater mistake. They may b% in admirable order,

® The closing of ontlets t'the head of any liue of irtigation i order to lorce water down to the
tail is meant by & * tateel ™ (soe above).
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but constant inspection will do more to keep them so than many working
parties. "« The master’s eye is worth a dozen hands.”

On the Eastern Jumna canal the Native Deputy is employed as a
general rule in moving up and down the line, decidiug the numerons petty
disputes about water that are constantly arising, and where necessary,
punishing infractions of canal regulations. He also checks the work of
any measuring parties in his neighbourhood, inspects the Zillahdar's
books, and makes himself generally wseful. Thus employed he has
been always found an invaluable assistant, and I bhave never found it
advisable to localise his duties by placing him in executive charge of a
sub-division. '

A good Zilluhdar is a man whose importance cannot be overrated. He
is the right hand of his superior in all matter connected with irrigation.
He should know personally all the principal irrigators and owners of outlets,
aud be known by almost overy resident in his Zillah (the latier being no
bad test of his locomotion). He will know at any time where irrigation is
going on, and pretty accurately to what extent, and consequontly to what
points water should be forced down his rajbubas by “tafecls.” At the
same time that he is watching the irrigation of the current jusl (harvest),
he will be supervising measurements of irrigation or collection of revenue
for the past one. On the Eastern Jumna canul each Zillahdar has an
average of 200 villages, and 250 squarc miles of country over which to
superintend irrigation, measure 'u‘up, and collect the revenue. 1is office
hooks should be carefully kept up and frequently inspected and signed by
the Executive and his Assistants,

Sub-Overseers are chicfly employed as purely exccutive officials on
maintenance, or construction of works, but can be made most valuable
auxiliaries in superintending irrigation. A good man should have much
influence in his beat and be looked up to by the cultivators as second only
to the zillahdar. The average charge of a Sub-Overseer on the Eastern
Jumna canal, is about 10 miles of canal and 40 miles of rajbuba channels,
with their dependent irrigation.

The influence of Chokedars for good or bad is so great that too much
pains cannot be taken, in selecting them, and in keeping their ¢ morale” at
the highest pitch attainable. 1 have always found promoted mates or
tindals of working parties make the best chokedars, as they are generally
hardy active fellows, and can in case of emergency get repairs executed
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quickly and well; men of the “mirda " caste, from their aptness at esti-
mating arcas and acquaintance with land messurements, make g:ood raw
material, but great care is required in selecting them; from living in the
large towns they are apt to be loose idle fellows. The uniformity of pay
and small prospect of promotion in this grade, led to a proposal being
made to Government for increasing the pay of the most deserving chokedars
on this canal as an inducement to exertion, and this measure, if sanctioned,
will I am confident be productive of immense good. It is perhaps advisa-
ble to change these men from one beat to another about once in two years, as
it doos not take a man long to get acquainted with his new charge, and
they are apt if left too long in one place to make private arrangements for
the distribution of water, decidedly detrimental to canal interests.

Their average charges should not exceed 5 or 6 miles of rajbuha or
canal channcl, and 10 to 18 square miles of country, over which to super-
vise irrigation, as olherwise a man cannot go out to distant points and
return the same day lo his chokie, having carefully inspected the inter-
mediate irrigation.

Polive and Revenue.~Superintendents and their Deputies have powers
ol an Assistant Magistrate for the protection of canal property and these
powers canuot be too cautiously wielded. A firm and vigilant Superinten-
dent will seldom have occasion to punish severely, as irregularities are
casily checked at the outset. A Superintendent should be most cautious
in accepting Lhe assertions of his native subordinates that such and such
villagere are irreclaimable scoundrels, and should occasionally call to mind
a pithy native proverb, *“ The darkest place is under the lamp.”

The most common offences are, graziug caitle on canal banks, making
ghiits across rajbuhas, brenches of * tateels,” and stealing water from ano-
ther person's water-course. In the first case the chokedar can drive the
cattle to the nearest pound, and if opposed (as is constantly the case) he
must let them go as soon as they are off the bank which is all he cares
sbout. 'Where grazing is persisted in and damage done, it is patent and
visible ; the grass and perhaps some young trees are trampled down or
slopes of earthwork are injured. Summon the people who are in the
habit of grazing on the sdjoining land, show them the injury done and
take from them a “ moochalka” or bond, that they will prevent the like in
future or be lisble to a fine not exceeding 50 rupees. The canal authorities
on their part can put up a good fence.
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Where ghats are made by foot passengers across rajbuhaes, there is no
use in fining (at least I have never found it stop the practice); so, accept
the situation, and place & couple of stout straight logs alongside of each
other across tho channel. People infinitely prefer going dry shod to wa-
ding through tho water, and will consequently abandon tho ghiit for the
bridge. I may here mention that no earth or brushweod should be allow-
ed on a log bridge, as they are liable to fall into-and choke up the rajbuha
channel ; the best plan is to purchase a suitable tree in the nearest village,
halve and dress the trunk placing the two pieces gide by side. Where
cattle are driven across the rajbuha it is generally a sign of a village road
having been left unprovided with a bridge, and the sooner one is built
there the better.

In dry seasons, breaches of “ tateel” are very common, and can only be
put a stop to, by constant and unexpected inspection of the lines on which
“ tateels” are in force, and severe punishment of all offenders, commencing
with the canal establishment, who are preity nearly sure to be in fault.
‘Where a cultivator is accused of stealing the water from another man’s water-
conrse, a moment’s inspection will verify the truth of the statement, as the
breaches in the sides of * kool are apparent, as also the signs of irrigation.
In such cases settle the dispute by a village ¢punchayet,” or iake a
¢ moochalka” from the defendent, to the effect that he will in future ob-
tain permission before doing the like.  All over the Eastern Jumna canal
the payment to the owners of a water-course of one anna per beegah on all
land irrigated from it by non-shareholders is an established cnstom.

The taking a “ moochalka” from a villager, has, as far as my experience
goes, a certain inexplicable influence over him, which renders it a much
more efficient restraint than a fine. Only it must be taken for a reasona-
ble amount and invariably realised on a breach of the agreement contained
init. .

The practice of issuing ¢ dustuks” for realisation of revenue has been
entirely put a stop to on the Eastern Jumna canal. Apart from the
eccentricity of notion that & man who cannot or will not meet a demand
for a certain amount, is at all likely to pay readily the ¢ tulubani” in
addition to the origing] demand, ¢ dustuks” are objectionable as offering
great inducements to zillahdars to provide for needy relatives, at the ex-
pense of the irrigating community, and four yoars’ experience has now
proved them perfectly unnecessary. Notices can be issued to defaulters,
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warning them, that if satisfactory arrangements for paying up arrears are
not made within a certain time, their moveable property will be attached.

When the Superintendent is found to be as good as his word in two or
three instances, the threat has seldom to be carried out.

The collection of water-rate for any ¢ fusl” should iuvariably be cleared
off before the end of the ensuing one. Mill-rents should never be more
than ten days in arrcars, and fines should be realised immediately on inflic-
tion, otherwise they fail to answer their purpose as deterrent punishments
and sink into a most objectionable source of revenue.

YOL. II, 3



CHAPTER LI1IV.
COST AND REVENUE.

821, Tae Cost of a permanent canal will evidently vary according to
its size, the difficulties attending its construction, and the varying rates of
labor and materials in different localities. It will be useful, however, to
cbllate the experience derived from canals already constructed, or projected,
80 as to gather some idea of the average cost of such projects.

+The total cost of the Ganges Canal when completed according to the
original design (and including Rajbuhas) will probably be 250 lakhs.*
Its estimated full discharge is 6,750 cubic feet per second. Its total
length will be 900 miles. This gives a cost of Rs. 3,794 per cubic foot of
discharge, or Rs. 27,778 per lineal mile.

The Bareec Doab canal will probably cost Rs. 1,35,00,000 ;% is calculated
to discharge 3,000 cubic feet per second, and will be 469 miles long, giving
an average of Rs. 4,500 per cubic foot, or Rs. 28,784 per lineal mile,
exclusive of rajbuhas.

The Eastern Jumna canal has cost Rs. 16,78,000, being 134 miles
Iong, and discharging 1250 cubic feet per second, thus averaging Rs. 1,342
per cubic foot, or Rs. 12,522 per mile, excluding rajbubas.

The Western Jumna canal has cost Rs. 21,29,000 1 for a total length
of 445 miles and a full discharge of 2500 cubic feet, being Rs. 852 per
cubic foot or Rs. 4784 per lineal mile, excluding rajbuhas.

The Sutlej Canal is estimated at Rs. 1,10,19,000, (exclusive of per-
-manent dam at the head,) for 580 miles, and a full discharge of 3500

.cubic feet, being Rs. 3,148 per cubic foot or Rs. 20,790 per mile, without
lockage; and exclusive of rajbuhas.

The Soane Canals are estimated at Rs. 1,85,72,000 § for a length of
.826 miles, and a discharge of 3124 cubic feet, being Rs. 4,344 per cubie
foot or Rs. 16,481 per mile; inclusive of rajbuhas.

* Rs. 2,19,98,000 to end of 1863-84, 4+ Ras. 1,08,89,000 to end of 1862-83. 1 To end of 1863-64.
§ Excluding the qost of the permanent dam at the head which amounts to Rs. 18,00,000 moare.
* The length of this canal is much greater {n proportion to the discharge than that of the cthers.
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Excluding therefore the Jumnacanals, which were not entirely new
projects, and assuming that the cost of rajbuhas will be Rs. 1,000 per mile,
and that there will be three miles of rajbuhas to onse of main canal channel,
it would appear that a first class canal of Irrigation when complete, with
rajbuhas, will cost on an average Rs. 4,200 per cubic foot, per second, of
maximum discharge, or about Rs. 25,000 per mile of length.

The above may be considered to include the whole cost of first construc-
tion, including establishment; while the establishment for maintenance,
with the cost of annual repairs, will afterwards of course become an annual
charge or drawback upon the revenue.

822, Revenue.—This is derived first and chiefly from Water-rent
which, as said above, may be charged on the amount of water distributed
or the area of land irrigated.

The following are the rates for water now in use on the Ganges Canal :—
Tor. DAl

RS. A.P. R AP
1st Class. For Sugar, per annum, peraere, ... 5 00 8 54
2nd Class. For Fruit, nursery and vegetable gar-

dens, smghams, coltivated grasses,

lucerne, gninea grasses, &c., n;wam

and similar herbs, rice, . 3 00 2 00
3rd Class. For indigo, cotton, tobacco, wheat, oats 2 40 1 80

4th Class. ¥or Indian corn, safflower, cheena,
barley, gochnce, oil seeds, jowar,
Pulses of all kinds, ... ... .. 1108 1 00

Villages taking water from the canal for irrigation are exempt from all
charges for watering their cattle and for water required for domestic pur-
poses.  Other villages pay for watering cattle, 6 Rs. per 100 per annum.
For watering sheep or goats, 2 Rs. per 100 per annum. For filling
tanks (not irriguting) the water is paid for at 1 rupee per 6,000 cubic feet
in bulk.

Transit dues are fixed from time to time for boats or xafts plying on the
canal.

Other scources of revenue are from Corn malls, which are built by
Government, and rented annually to the highest bidder.

Cunal produce, such as grass, &c., also sold annually. Fines for
breaches of canal regulations, such as stealing water, trespass, &e.

On the Baree Doab canal the standard of area measnrcment is the Kunal
of 4,500 square feet, and the charge for water at present is 4 annas per
kunal per annum or crop for Zor irrigation, and 2 annas for Ddl.

On the Soane canals the expected water-rent was reckoned at Rs. 1-9-0
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" per beegah, per annum, for the two crops, or Rs. 1-12-2 (equivalent to
Rs. 2-8-10 per acre) if the rajbubas were made at the Government cost,
as was proposed.

On the Western Jumna canal, lands are divided into 1st and 2nd class,
the former paying 12 annas per beegsh for Tor, and 8 annas for D4l.
The latter 6-8 and 5 annas per annum.

But besides the direct return from water-rent, there is an indirect return
due to the canal, arising from the increased value of the land, and therefore
the increased rent or land-tax that it can afford to pay to Government,
the difference in produce between well and canal irrigated land being con-
siderable, while the difference in cost of irrigation under the most favorable
circumstances for each, is reckoned as 8 to 1 in favor of the latter. This
indivect canel revenue may, and does often, amount to considerably more
than the annual value of the water-rent, and though it does not appear
in the canal returns, the work should always have credit for it. In the
N. W. Provinces it is estimated at Rs. 1-8 per acre, per annum, on the
whole area irrigated.

323, Allusion has alrcady been made in a former Chapter to the
effective work done by every cubic foot of water in a canal, generally called
the irrigating duty per cubic foot. It is evident that by dividing the total
annual water-rent received during the year, by the average discharge per
second throughout the year, the annual value of each cubic foot of water
can be determined,

From the latest returns available, the following table has been compiled : —

__ - Ry
I ANNCAREE i i1k

et 1AL D A AR AR )
fis AR RN AL

N <i3 38 & [ 8 8
1864-85. o ft. aveas, acres, n8, RS, RS, | miles, | acren. RS,
Gangescanal, .. .. | 4,02 (566517 140 [805,042) 222 | 158 | 2.4a0 | o933 | 387

Bastern Jumna caoal, | 11,025 | 2,25,266( 220 (3,23,791) 14| 148 erz| 874 | 534

1862-63.
Barec Doab canal, ... { 1450 |1,26,016 87 1 3,08,864| 213 | 245 400 35| 772

1863-64.
Wostern Jumna canal, 1,256 |3,51,537] 280 | 3,65,674] 292 { 1-04
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The irrigation in the Ganges and Baree Doab canals is not yet fully
developed, though steadily and rapidly increasing on the former. The
Eastern Jumna canal returns however may be safely and fairly taken as a
guide in estimating others.

The rate of expenditure on well managed canals in good working order
may be taken at Rs. 120 per cubic foot, with an extra Rs. 50 for rajbuba
repairs, if they are done by Government. The difference between the in-
come and expenditure, is the clear profit per cubic foot of discharge per
annum, whence the per centage of return on the original cost of the work
can be determined.

Comparing the above figures with those given above, we get—

Average prime cost of a cubic foot of water, per
seoond, of discharge, ... .- ... Rs., 4,200
Average annual value of a cubic foot, say Rs 300
Deduct average annual expendtture on
a cubic foot,.. e 5y 120 ) 180
chowing an annual proﬁt of about 4 per cent.

But the water-rates from whlch the second item has been deduced are
very low, and have since been considerably raised, so that the average an-
nual value per cubic foot, ought to be considerably higher than the above.

And this calculation is from water-rent only, and takes no account of the
enhanced value of land; assuming this enbancement, as said above, at Rs.
1-8 per acre annnally, and that each cubic foot irrigates 220 acres, then
the net returns would be swelled from Rs. 180 to 510, and the return on
the capital would be 12 per cent.

824, It is evident however, that the data for the above calculations are
exceedingly variable, and canal statistics are too imperfect for them to be
considered as anything more than rough guides—as such however they are
valusble. The saving in remissions of revenue which are often forced upon
Government during seasons of drought, in districts where artificial irriga-
tion does not exist, and the gencral prosperity of the people, are also items,
which although they cannot be exactly reckoned by figures, are of not the
less importance on that account, and must be set down as very tangible bene-
fits derived from canals. The value of the crops irrigated by the Ganges
cana] for last year is estimated at 1} millions sterling, of which the sugar,
cotton, and indigo, valued at upwards of £600,000, are almost entirely
due to its influence; and wheat valued at nearly half a million is largely
indebted to it.
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One other point remains to be noticed in connection with the benefits
from Canal Irrigation,—the raising of+the surface water in wells owing to
the percolation from the canal, whereby the labor and cost of well lrriga-
tion is of course very much lessened ; moreover in many of the desert dis-
tricts where brackish water has alone been found before the construction of
the canals, the effect of the water in the latter has been to sweeten the
well-water, and make it palatable for drinking.

Against these benefits has sometimes to be set the formation of jheels or
swamps in low ground, which, however, may generally be reclaimed by
proper drainage. A more serious evil is the presence of the saline efflor-
escence (known locally as Rek in the N. W. I.), on some kinds of soil
when irrigated* which greatly injures its productive value. On the Wes-
tern Jumna canal this evil has been the subject of serious consideration,
and I believe it is partially developed on the Baree Doab Canal. The salt
appears to be in the ground at a certain depth, and to be developed only
after being flooded with water—and hitherto no effectual remedy has been
devised for it.

Still these are very small and partial sets of ugainst the immense bene-
fits due to Irrigating Canals.

The minor items of Revenue from Irrigation Canals, and which have
been named above, need not farther be commented upon here.

From the report of the Chief Engineer of Irrigation N, W. P., it ap-
pears that the net profit for the year 1864-65, upon the original cost of
the Eastern Jumna Canal was 12-85 per cent—and for 1863-64 (the latest
returns I can get for the Western Jumna Canal), the profit is 15 per cent.,
or taking into account the increased land rent due to its influence to 32
per cent. on the original outlay. The above includes the direct returns.

As these are the only two canals of any size on which the Irrigation
has been at all developed (indeed the Western Jumna Canal is still far
from perfect) the above returns are of interest and value—and seem to
prove that a good remuneration from such works will in the end accrue to
their proprietors, if designed and carried out on proper principles. On the
other hand no Engineering Works require so much anxious forethought
and scientific design as Canals of Irrigation, as none require more gkill in
construction as regards both the workmanv:tip and materials employed.

* This evil however is not the resnit of canal water.only. Well irrigation is often more conducive
to its production than canal irrigation.
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MADRAS CANALS.

325, Tur Madras System of Canal Irrigation, like that of the North
‘Western Provinces, is simply a development of the old native method,
improved on scienfific principles and carried out in a more permanent
manner.

A general outline of the native system may be given in a few words.
Channels of supply, proportioned in dimensions to the area of the tract
dependent upon them for irrigation, were cut from the river bank, and sup=,
plied sometimnes with head sluices of masonry, but very often wanting in
these necessary works.  The levels of the heads were so arranged as to com-
mand a fall supply in miuderate floods, and the water was led to the fields
by infinite numbers « smaller channels of distribution. When the level of
the river surface was 100 low for the supply of the channels, the construc-
tion of a temporary carthen dam (corumboo), or a permanent masonry
dam (anicut) was had recourse to, and the water was thus raic:d to the
requisite height.

QOur improvements on this system have consiswed in establishing perma-
nent Dams to replace the temporary ones, and in a better alignment of
the irrigating channels, which are in fact much the same as those describ-
ed in the first Chapter as Inundation Canals, with this important difference,
however, that by the construction of the Anicut or Weir at the head, the
permanency of their supply is ensured.

The general fall of the Dcltas, on which the largest works have been
constructed, does not exceed 12 inches per mile, from the head down to
the sea. The difficulties therefore, that have to be encountered in the
Upper Provinces from an cxcessive fall in the upper part of a Doab, and
from the country being cut up by formidable hill torrents, are not met
with in these Delta works; and they have the still greater advantage of
being continually progressive, both as to cost and revenue; in other words
the returns from them are quicker, and perhaps more certain, This arises
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from the tenure of the land, which is on the Ryotwaree system, being held
by the cultivator direct from Governmdht at a yearly rental, instead of on
a Permanent Settlement, as in Bengal, or on a 30 years’ lease] as in the
N. W. Provinces. No water-rent is charged, but a higher rate is gladly
paid for irrigated land, and the whole increase of revenue credited to the
Irrigation department.

But besides the great works on the Deltas, irrigation is largely carried
on in the plains higher up, by numerous supplying channels cut from
minor streams, across which anicuts are thrown, and leading to the fields
themselves or to tanks, in which the water is stored up for future use. .

328, A plain which it is desired to irrigate can hardly be so situated,
but that the bed of a neighbouring river is at some part or other of its

Note.—In the plan, the same lutters refer to spota that are on the same Jevel.

covrse relatively higher in level. Supposing a surface AB to slope from A
to B at the rate of 2 feet in & mile, and to be traversed by a river CD, the
bed of which falls at the same rate, but is thronghout 20 feet below its
banks, it is evident that the part of the slope which is 10 miles from A
towards B will be on the same level as C, and that were a channel CE
excavated, with & horizontal bed, water from the river above C would flow
along it until it reached E, whence it might be conducted to irrigate the
lower portions of the slope EB. . .

In like manner, if the bed of the channel were made to fall one foot per
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mile, it would at 10 miles be only 10 feet below the country ; and at 20
miles, having gained a foot per m#®, it would emerge on its surface.

The case is more unfavorable, but still similar, though the country
should also slope, as it most froquently does, towards the river, as well as
towards the sea. In this case the water to the lands farthest from the
river must be brought from a part of the bed ncarer to its sources, and
the excavations must be deeper: or, as it will often happen, the expense
bearing too high a ratio to the attainable advantage, the irrigation must be
restricted to those lands which lie nearest to the course of the river, and
at the lowest levels.

Channels of irrigation have been taken off rivers such as the Palaur in
Arcot, the fall of the bed of which is at the rate of nearly 10 feet in a
mile, and its ill defined banks 6 to 8 feet high; as well as from such as the
Kistna, which runs with a fall of less than 1 foot per mile, and between
steep banks of 35 feet.

It is the relative fall of the river and of the country on its banks, which
fletermines the leust length which the channel can have, in order that its -
bed rhould emerge above the surface, and its water be brought to use;
tmt when the freshes are of short duration, and channels are led to tanks,
it i evidently desirable in order that they should deliver water rapidly,
that they should be wide, znd the velocity of water in them considerable,
although to afford slope to their beds, their length should be extended,
and the expeflse of excavation increased. Six or eight yards may be
considered the greatest depth to which irrigating channels have yet been
excavated in this Presidency, but the general average is not more than 2
or 8 yards. Great portions of some channels have been formed by throw-
ing up one bank only on the lower side of a slope; and the heads of
seme river channels, by separating part of the bed of the main stream by
means of an artificial bank, protected by river grasses, &c. In somo cases,
these artificial banks are carried for very considerable distances up the
rivers, or obliquely across their sandy beds.

Such banks, termed Corumboo, are generally over-topped and carried
away by all freshes of more than 1} yard depth of water. They are tem-
porary expédients or substitntes for permanent dams or anicuts, to turn
the early and low freshes of rivers into irrigaling or tank channels, and
being liable to be partially, and sometimes entirely destyoyed by every full
fresh, require to be repeatedly repaired, and occasionally reconstructed dur-

voL. 1. LS
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ing every season. - They are usually constructed and kept in repair by the
proprietors of the lands which they ifigate, without any cost to Glovern-
ment.

827, The word “ Andeut” is Tamil, and means generally dam or weir.
Engineers have generally restricted the use of the term to a dam across a
stream, and that of the word ¢ Calingulah ” to a work of similar form in
the bank, either of a supplying strcam or of a tank.

The chief object of Anicuts is to raise the water of the streams they are
‘built across, in order that & portion of it should be diverted into channels
leading, as the case may be, directly to the fields or to tanks, in which the
water is stored up to be wsed a8 required. Some anicnts are, like ca-
lingulahs, furnished with dam-stones to sustain temporary banks of mud,
&c., and to raise the water in the river beds during the dry scason and
and the esrly and low freshes; such temporary embankments being washed
away by the freshes. Others are provided with sluices, or have low parts
or gaps left in them, seldom exceeding b feet each; within which limit, it
is not difficult to provide means of closing, such as shutlers, &e. By these,
the sand is moro or less prevented from accumulating to the height of the
crown of the dam ; and parts of the beds of the rivers, gencrally incensider-
able however, are thus formed into pools extending towards their sources.

These are in no instance looked upon in the light of tanks. They may,
for a trifling period at the very end of the dry season, answer the same
purpose, but the irrigation depends in all cases either uplh the continual
flaw of a small quantity of water during the early part of the hot season,
or upon tanks generally far away from the river, and which aro supplied
by channels doring the freshes.

Almest all the rivers in the Camatic, are little more thaa beds of dry
sand during the hot season, and very Litle water can then be procured
from them for the purposes of irrigation. During the monseons they are
more or less full, and it is then only, or at least chiefly, that a portion of
their waters is directed by means of aniculs and channels into the adjoin-
ing country, to moisten and fertilizo the rice and garden lands. During
the periodical rains there ds generally too much waler, and in the hot
months none, and the object of all the expedients and works of irrigation
is to rectify these evils, by collecting and retaining in tanks or reservoirs,
portions of the surplus water of the monsoon, for the irrigution of the
conntry during the dry season.
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When the slope of the comntry is gradual, it is evident that a dem
across a river may, by raising the water in its bed, very wuch diminish
the lenyth of an irrigating chunnel to Le led off it, und it might appear
that anicuts would on this account be found general in ihe lower parts
of the courses of rivers, where the fall is gradual. Dut this is not the
case, beonuse the lower parts of rivers are generally wider, their beds saudy
and uwnfavorable to such buildings, and {heir bauke low. The obstruction
of the bed in sueh localitics, would raise the surface of the water in fresh-
s, and reuder necessary the formation of banks, to prevent the inundation
of the country through which the river passes: for, hewever advantageous
such inundntions arc in the Deltas of the Ganges and Godavery, they are
nwost carcfully guarded against on the banks of the Cauvery and Tam-
brapoorny, where the crops are raised, not by inundution, but by a very
artificial, and (as {ar as the scicnce of agriculture is concerned) a very
perfect system of irrayation.

Auicuts are most generally ugeful nearer to the sources of streams
where they traverse rocky country.  In such situations, rocky foundations
ewy geaerally be obsined, and the work buill securely, while, although
wue feh of country  greal, and channels do not need to be very long,
vet withoud aniculs, the diffienity arising from the nature of soil, in such
parts generally stony, and which it would be necessary to excavate to s
great depth, would b very often absolutely insuperable.

A rocky led, though a great advantage, and a.lways”to be preferred in
selecting & site for an anicut, as contributiug to reduce the cost and
increase the stability of the work, is not however an indispensable requi-
site.  Several anicuts have recently been built with perfect success and
at a muoderate expense across rivers, the beds of which consist entively of
pure saud to a depth far beyond the foundations of these works. On such
vecasions, the chief poiut to be studied, is the formation of a strong and
substantial apron benesth the anicut, to break the over-fall of the water,
and provent the foundat’ops being undermined.

Generally, in the wide an'l flat beds of rivers near their mouth, the
scanty supply of water during the dry scasomds collected and turned into
channels by means of the teinporary cmbankments of grass, baskets, sticks
and sand, which have already been mentioned by the name eorumboo, but
therc are two modern’ upicuts in such situations, whose success has sinoe
led to the projection of others in similar ituations.
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828, These are the upper and lower anicuts across the Coleroon,
built at the suggestion, and under the®superintendence of, Captain (now
Major-General 8ir) Arthur Cotton, of the Madras Engineers. Both these
works have superseded and rendered unnecessary the construction of ex-
tensive corumboos; while, unlike corumboos they resist the action of
freshes, and assist the irrigation in all states of the river. The upper
anicut is built where the Agunda (or whole) Cauvery divides into two
branches : the Coleroon, which seeks the sea by a straight course, falling
at the rate of about 2 feet per mile; the smaller but more useful branch
(which retains the nfme of Cauvery) flowing on a more elévated bed ;
and, after having in the short distance of 40 miles, gained no less than 15
feet on the level of the bed of the main branch, dividing and subdividing
until its ramifications sproad over the greater part of the Tanjore District,
in irrigating which almost all its water is gradually exhausted. For many
years previous to 183G, the Tanjore cultivation had pressed so closely
npon the supply of water afforded by the Cauvery, that in seasons falling
at all below the average, extensive. tracts of valuable land cither remained
uncultivated, or were subject to the still greater evil of being cultivated
in vain, The defect was chiefly attributed to the accumulation of sand
in the upper part of the stream near its separation from the Colcroon,
and to remove which #arions expedients were devised and adopted, with
partial but only temporary success, and inadeq'ﬁate to the necessities of the
case, .

At this conjuncture, viz., in 1684, Captain Cotton, then Civil Engineer
of the Division, devised the anicut which is built across the Coleroon,
about 100 yards below the separation of the two rivers, and by raising the
bed of the Coleroon about 6 feet, has, without diminishing, except in a
trifling degree, the capacity of its section for the passage of high freshes,
rendered available for the supply of the Cauvery and of Tanjore, all the
water which even in the driest season, and when most wanted for irrigation,
used to pass waste to the sea. The lower anicut was built in the same
year, about 70 miles down the same river, and scrves to turn the water
that accumulates in the integwening part of the river bed, from the drainage
of cultivation and the springs that ooze from the sand, into the country
on both sides, and irrigales extensive and fertile tracts of land in the Tan-
jore and South Areot districts, betweon the anicut and the sea.

329, Anicuts, as usually constructed, are walls of masonry erqeted on
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a solid foundgtion and carried right across the whole breadth of the river.
The material used is either stone throughout, or brick-work covered with
cut stone, the foundations usually resting on shallow wells sunk in the
sandy bed of- the river (unless the site happily offers a rocky foundation),
and the superstructure made partly of dry stone and parily of stone set in
mortar. The sill of the anicut over which the flood-water pours, is of cut
stone set in the best cement.  The face of the work may be perpendicular
or nearly so; the rear will be made into a long slope, which gives great
strength to the work and protects the rear flooring from being injured by
the water falling vertically on it. When, however, it is necessary to have
a vertical fall on the down-stream side in any portion of the weir, either
on acconnt of sluices being fixed there or for any other reason, the flooring
is carefully protected by large slabs of cut-stone laid on an unyielding
foundation with fine mortar joints. In any caso the bed of the river is
protected for a considerable distance down-stream from the action of the
water at the tail, by a flooring of dry stoue of the largest size procuralle,
and carefully packed by hand. The water will often work holes even in
1Lix, which have to be filled up with more stone, and this will often con-
tinue 1or several scasons before the work is safe.

1t will thus appear that such & weir requires the expenditure of a very
large quantity of material, and that without the presence of an abundance
of stone on the spot, its construction as above would not be feasible, or at

least would be enormously expensive. N

11ad such a work to be made of brick, the foundations would have to be
much deeper, the body of the work would be of the best pucka masonry,
and similar arrangements for the flooring and sides on the down-stream
side as have already been described as necessary in the case of cinal falls.
The shallow foundations of these works are a peculiar feature in Madras
Engineering, and a similar practice in bridge building has been already
commented on in para. 89, In the case of anicuts, the arrangement is
evidenily only practicable from the long {glus or slope of dry stone given
invariably on the down-stream side of the work, which is free to fall in
and fill up Loles scoured out by the undertcurrent, and is replaced con-
tinually by fresh renewals.. A similar arrangement to this is the crib-
work of boulders providad so carefully on all the Ganges Canal bridges.
In the dry season, however, deeper foundations would probably be pre-
ferabldin order to prevent so much porcolation below the weir, and the con-
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sequent loss of so much water. But in Mudras, unlike Upper India, the
crops raised at this season are far less valuable thun those grown in the
rains, and this difference necessarily produces a difference in the plans of
the Engineors. There is also good reason for believing that the coarse
sand of the beds of rivers in Southern India is much less disturbed by the
action of running water than the fine sandy beds of Upper Indian rivers.

As the water when it arrives at the head of these Deltas is much charged
with silt, the effect of this upon the anicut has to be carefully considered.
In the earlier works a number of small sluices of mbout 2 feet in width
wero provided through which the silt should be scoured, but their size
made them quite incffective, and Colonel Baird Smith hus given it as his
opinion, that o long us a weir is preferred to an open dam, the elevation
of the bed above, by the deposit, of silt, even up+o the level of the crown of
the weir, must be regarded as un inevitable result and provided for accord-
ingly, Indeed, so long as arrangements can be made to restrain the water
within its banks above, and the silting up does not cause inundations, or
force the water into a new channel, it will be positively beneficial, as by
this raising of the bed,.a considerable fall for securing surface irrigation
from the cenals is obtained. Nature in fact bhelps in this arrangement;
as it has been alrcady remarked that such rivers run on a crest or ridge
formed by theit own deposits, and thus afford considerable facilities for
canal irrigation,

330. The following description of the Kistna anicut is extracted from
the aathor already quoted :—

Nature hos indicated by unmistakeuble signs, that the true position for the Kistna
dam is at Bezwarah, about 60 miles from the junction of the river with the sea
Here thet® are two low hills, the lust outlying spurs of the high lands to the north.
HBetween them the river flows in a channel reduced to a mapageable breadth of
1,300 yards, but with a depth of water so variable thut no single statement would
gite. a correct view of it—rising as it does, during the mongoous, to between 30 and
40 feet, und sinking during the dry season to, perhaps, 5 or 6. The hills in the
ncighbourhood of Bezwarah furnjgh an unlimited supply of steme for building or
protective purposes ; lime is readily procurable, as are oll the other materials required
for the work. The position is cxactly at the apex of the Delta, and the height is
sufficient for purposes of irvigation. 1is construetion hus presented some peculiar
difficulties from the fact that ths river is concentrated into a single undivided chan-
ncl between the Bezwarah and Scetunagram Hills. 1t has, therefore, been necessary
to work constantly in water, and the design of the dam has speciul reference to this

necessity.  If vonsista—1Ist, Of a broad basis of the heaviest stone that conld be pro-
cured, simply thrown info the river and allowed as it accmulated to assuntlits own
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ndtnral slopes. The exact length of this masy of stone is 3,750 feet : its breadth 305
foet; ity height in front, 21 fect ubove the deep bed, and 14 feet above the summer
level of the water. 1t is faced nlong its entire length by a casing of stone masonry
75 fect in breadth, of which the front curtain wall is 9 feet. thick at bottom, 4 at top,
and 14 feet high, resting on a donble row of foundation wells which fill up the space
hetween the deep bed and smomer line levely, being therefore 7 feet in depth.  The
gill or wastehonrd is 20 feet in breadth, and 5 feet in thickness, 4 feet being of ma-
gonry and the npper foot of*eni stone strongly bound thronghous with iron clamps.
The tail of the masonry casing is a flat semi-connier arch with a half chord 50 feet
in length, and a versed line 10 feet in height, and this portion is terminated by a rear
curtain wull running along the entive length of the dam, 8 fect in depth and 3 fect
in thickness, embedded in the lodse stonework of the main body of the dam. Ata
distance of 5£0 feet from the rear wall of the casing, a second line of masonry, some-
what irregular in dimensions, hut averaging ahout 6 feet in thickness and § feet in
depth, crosses the work Jrom right to left, ncting as a retaining hond to the rough
stonework ot (he part most exposed to danger from the action of the eurrent in flonds,
Trom this wall to the deep bed of the river the slope is worked out by the aid of
rongh stonework extended over a distance of 180 feet.

At the right and left extremities of the dam, underslulces are provided for the
purpose of seouring ont the silt in front of them, and thus keeping an open channel
at the hends of the irrigation lines. No under-sluices have heen made in the body
«f the dam, and the filling up of the river-bed in front to the level of the erest of the
wark bus apparently been acecpted in this ease as an incvitable result.  The sluices
shove-aentioned are two in number, and similar in all respeets. They are sitnated
at ine extreme limits of the damn, one at each flank, and consist of massive masonry
struerares founded on wells, in the usual native fashion ; cach has 15 vents of 6 feet
in hreadith each, fitted with planks and machinery for opening and closing ; the level
of the flooring is 3 fect helow that of the heads of the irrigation channels, so that
when the vents are open there will he a very cfficient scour in front of them, and a
deep clear channel maintained therehy through the light sandy deposits in front of
the dam.  The head-sluice of irrigation on the right of the river has fifteen openings,
each 6 feet in width, with a clear height for the passage of water (as measured on
the plans) of 11} feet, exclusive of the archway. Tt may be assiuned, bowever, that an
average depth of 10 feet in the chunnel would represent the full supply of water dur-
ing the season of irrigation, nnder the existing arrangements; with the dimensions
specified, and a slope of about 1?2 inches per mile, the discharge woulil be equal to
nearly 8500 cubic feet per second, sufficient for the imigation of 140,000 acres of rico,
promising to the Government in one single district an increase of revenuc which may
be fairly estimated at not less than two lakhs of rapees, £20,000 per annnm, and to
the agricnltural community a gain of fully three lakhs, or £30,000 during the same
time. On the left bank similar arrangements are made by a slnice of the same water-
way ag above and promising similar favorable results, and from works for which the
total estimated outlny on the part of the Stato i fifteen and half lakhs of rupees, or
£150,000, the annual increase of rovenue will not fall short of, and may probably, as
in similar cases elsewhere, exceed the anticipated amonnt of four lakhs, £40,000, por
anuum ; and if one lakh, or £10,000, be allowed for oxpenses of repairs and establish-
ment, the general result will give betweon 19 and 20 per cent. in direct returns from
land alone,
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831, Col. Baird Smith thus sums up the points of professional in-
terest which he considers established by the success of the Cauvery works,
above described :— )

1st. That the waters of large rivers may be distributed botween their
branches in proportions sufficiontly exact for practical purposes, by the use
of dams at the points of separation, having theincrowns at such heights as
experience in each case may prove to be necessary.

2nd. That the influence of such dams, judiciously established on the
beds of the rjvers, in regulating the currents, in equalizing the distribution
of deposits, and in maintaining the permanency of the sections of the beds,
may be very beneficial.

8rd. That in rivers with beds of pure sand, and having slopes of 84 feot
per mile, such dams may be constructed and maintained at 2 moderate expense.

4th. That the elevatidn of the beds of the rivers above the dams to the
full height of the crowns of these works, ig an incvitable consequence of
their constrnction, and that no arrangement of nnder-sluices Las, as yet,
been effective to prevent this result.

5th. Dut, that where effective escapes are provided in the banks of
irrigating rivers (like the Cauvery), the entire volumes of which are absorb-
ed in irrigation, it is possible to prevent any injurious elevation of the bed
by sand deposits.

6th. That in pure sand acted on by the current due to a fall in the
river bed of 3} feet per mile, and exposed further to the action of floods
from 12 to 15 feet deep; well foundations, in front and rear, of 6 feet in
depth, have been proved by experience to be safe.

7th. That with a vertical fall in rear of the dam from 5 to 7 feet in
height, a thickness of 2 feet of brick masonry, and 1 foot of cut stone, with
a breadth of from 21 to 24 feet for the apron, have proved sufficient to
insure stability, the only further protection required being a mass of rough
loose stones about 9 feet in width and 4 in depth. As a rough general
rule, it would seem that the masonry apron should have a thickness equal
to half, and a breadth between three and four times the vertical height of
the bar forming the obstructive part of the dam. The loosc stone apron
should at first have a breadth equal to one and a half times, and a depth
oqual to two-thirds the height of the dam. The action at the tail of the
work leading to constant additions to the loose stone, soon deranges these
proportions, and they are given only as guides in the first instance.
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8th. That the main security of the d#m.depends upon the efficient
construction and careful maintenance of the apron.

9th. That in freshes the dam speedily receives the protecting effect of
a backwater on the apron; the surface level of the down-stream side being
level with the crown of the work when the flaeds rise to 8 feet above ordi-
nary low water, while beyond that depth the fall over the dam gradually
diminishes till in 16 feet floods it has wholly disappearcd, and scarcely even
a ripple on the surface indicates the existence of the mass of masonry below.

10th. That looking to the cost of the works executed between 1886
and 1853, and the increased area of irrigation due to them, the capital sunk
amounts only to Rs. 6-8-0, or about 13s. per acre.

11th. That after deducting every expense which the irrigation works of
the Cauvery have entailed on (ioverument, the net returns may fairly be
estimated at not less that 233 per cent. on the invested capital.

332, The works still in progress on the Godavery are similar in prin-
ciple (thongh considerably larger) to those already described. The follow-
ing ix a description of the Great Anicut at the head, npon which the whole
eystem depends.

Tk Gudavery anicut consists of a masonry dam in separate portions, the united
length of which is 11,86G§ feet, or 8,955} yards, being very nearly 2} miles of rviver
channel blocked up by a solid, substantial, well-protected mass of stoue in lime ce-
ment, or without it, according to position, having a total breadth of base equal to very
nearly 130 fect, and height of erest or sill equal to 12 fect.* The threc main objects
of the dam—clearanco, irrigation and transit—are provided for by three scparate sets
of works, oue on cach mainland Hank, and one at the head of the central fract. The
under-stuices discharge the necessury functions for the first object, the bead-slnices
those for the second, and the navigable canal and locks those for the third.  Along
the entire length of the masonry dam is carried a line of cust-iron uprights ahout 6
inches square, and 8 or 10 feet apart. having grooves on each side for the reception
of 2§ feet of planking, whercby the water can be retained to that height above the sill
during the dry season, and a larger volume be thus thrown into the irrigation heuds.

The irrigating channels are, or will be, carried along the subsidiary ridges
by which the Delta is iutersected, and the water is at a sufficiently Ligh
level for surface irrigation everywhere.

833, It may seen from what was said in Chapter XLVIL, of the
difference between the plysical peculiarities of Northern and Southern
India, why the Madras system is not applicable to the former country.

The Inundation Canals slready described are, it is true, similar to those

* The separate masonry portions are connected by earthen embsnkments, between six or seven
thousand feet in length, and protected at the junctions by tully 2500 feet in all, of masoury revetments.

VOL. IL. . Sr
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employed in Madras, but it weuld rarely be feasible to construct an anicut
to secure to them a perennial supply of water, simply because the enormous
expense to be incurred, owing to tho great breadth of the river and the
absence of any material except brick, would not be compensated for by the
small benefit secured. Qn this point Col. Anderson may be quoted (himself
8 Madras Officer, and who has had experience of both systems):—

“ To make the conditions in the two cases at all similar, it will be

necessary to confine ourselves to the ‘khadir’ lands, or in other words to
the tract of country along each of the rivers in the North West Provinces,
which is within the inundation limit. But I have explained that the
‘khadir’ land is generally of insufficient width to furnish room for a first
class canal: and, moreover, the fact of the width being inconsiderable im-
plics that the water in the wells is influenced by the proximity of the river;
and as the cold weather level of the latter is not above 15 feet below the
lip of the channel, and is less than that below the level of the ground at a
little distance from it, the cultivator could never be in any straits for want
of water. As a rule a great part of the ‘khadir’ land is inundated during
the floods, and the wheat which is sown on the saturated ground on the
subsidence of the inundation, requires no further supply of water to bring
it to matarity. There are gencrally some slight showers of rain in the
winter, but at the worst, if this aid fails, the people can have as much
water as they like at the depth of 10 or 15 feet below the surface of the
ground. I may add, that the upper stratum of alluvial soil being only 8
to 6 feet deep, the water permeates the sand underneath it, and will stand
at a higher level when the river is in flood than in the dry season, but the
change in surface of the water in the wells must be the work of tine, and
though the river may subside somewbat suddenly in Scptember or Octo-
ber, the water in the wells will not be affected immediately, but will retain
a comparatively high level to 8 much later date.

“Of course the further the ‘khadir’ land recedes from the river, the
more Will the advantages above described be absent. The land will not be
inundated and the depth of the wells will gradually increase with the dis-

tance from the river. It would be difficult to define the limit at which
irrigation from wells becomes unremunerative. Much must depend on the
rent to be paid, but still more on the aid derived from rain. In the lower
parts of the Punjab, the fall of rain is very precarious; still there are
always a few showers during the year: and in the winter there are heavy
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dews which must supply its plaee in a meagure. But taking things as they
are, I should say that cultivation languished when the depth of the water
in the wells below the sarface of the ground exceeded 25 feet. This depth
is attained at the distance of 5 or 6 miles from the river; and at the
distance of 25 or 30 miles from the river, that is, on the extreme limit of
the western khadir of the Sutlej, the depth is 50 or 60 feet, and in some
places even more. ’

‘ Here then we have at least one tract of khadir land, which would admit
of irrigation on an extended scale, and a similar strip of country exists on
both sides of the Indus, both in Seinde, and in the provinces to the nerth
of it. I am not aware of there being any other tracts of country along
any of the Himalayan rivers, at all ovents of equal importance, in which
the same want of artificial irrigatiun is experienced.

 The maintenance of the inundution canals is expensive, and the irriga-
tion is partial, and dependent on mechanical aid. It would seem desirable
to ascertain if there is the means of making the supply perennial, and of
constituting existing canals into branches of larger chaunels which might
be opened at some favorable point higher up the river, and ren nearly
parallel to it, with the water on as high a level as might be wished.

“The only means of accomplishing this would be hy construction of ma-
sonry works across the channels, and by extensive flank defences to prevent
their being turned. The Madras anicuts have been so suecessfol in
positions, where, not many years ago, most Engineers would have antici-
puted nothing but failure, that one would naturally turn to them as the
model to be followed on the rivers under consideration.

% The chief difficulty would be, not to give a work sufficient strength to
withstand the floods, or to protect it against a flank movement of the
river, but to constract it at all. The Godavery anicut was closed when
there was a considerable body of water in the river, though not without
great difficulty: but thcre were stone quarries at no great distance from
the work, and the only practical difficulty was to have a sufficiency of
boats, ‘wagous, and eoolies to bring the stone to the spot. Dut had there
been no quarries, how many brick cubes would have served to make np for
the want of them?

“ I may remark, that unless the channel is confined within a rocky gorge,
%0 that the width of the stream in the dry weather, is not materially less
than in the rains, the simple contraction of the waterway will not be suf-
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ficient to ensure a supply to channels on either side. Many of the Indian
rivers could not be contracted by artificial works—at places where they
pass throngh alluvial soil or sand, to much under i width of a mile,
while in the dry season, the width of the stream might not exceed one
quarter of a mile. On the subsidence of the river, the heads of the
canals, on one side or the other, would be liable to have a sand or mud-
bank, three-quarters of & mile in width between them and the river; which
in all probability, it would be physically impossible to cut through in time
to prevent the destruction of the crops.

It might be possible by a system of groynes, to obviate the occurrence
of the serious inconvenience I have described; but they would be, at best,
a very imperfect substitute for a dam, and could do nothing to raise the
water, when it might have fallen to an extraordinary low level.

The construction of such a dam across that river must of necessity be a
very expensive work. No material but brick would be procurable, unless
for coping, grooves, and other work in which stone might be considered
essential, and every cubic foot of it wounld cost about a rupee. Even bricks
would cost 14 or 15 rupees s thousand, if not more; and for the enor-
mous quantity that would be required, it would be difficult to get sufficient
fuel, at any price,”* )

834, Revenue of Madras canals—Water-rent is not levied on these
canals as in Upper India, but the land irrigated by them is charged at a
higher rental, and the increase credited to the Clanal Department; another
great advantage enjoyed over these canals in these provinces is, that the
Madras canals are opened out by degrees, while the Ganges and other canals
are nearly completed before any water is thrown into them. In the one case,
after an anicut bas been completed, arid a command over the water in the
river thus obtained, the water can be turned to use by the simple excava-
tion of channels in different directions. The depth of excavation ut the
heads of the main channel may be considerable, but it is generally practica-
ble to excavate them to the capacity required to deliver a supply of water
sufficient for the immediate wants of the district, during the period occupi-
ed by the construction of the anicut, which will probably not exceed 8

® For the tract sbove described a project for a dam to secure a percnnial supply to the upper
Butlej Canals was prepared and sent to Government some years ago. Nothing has yet been done
however It was suggeated by Col. Dyas, then Director of Punjab Canals,that snch & dam might
advantageonsly be combined with the Railway Bridge, which was then projected in that neigh-
bourhood. '
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years. .Bluices -and other masonry works will be required also, but on
some if not all of the projected lines of channel, their progress will keep
pace with that of the anicut; and there are generally existing chanmels,—-
natural or artificial,—which may be used temporarily, if not perma.nontly,
to distribute the water in different directions.

Further, in every part of the Madras Presidency, there are a numbe-r of
rain-fed tanks, the revenue derived from which may be liable to undergo
extraordinary fluctuations, owing to the uncertainty and insufficiency of the
supply. The cultivation then becomes a lottery ; it may be profitable or it
wmay not; but the cultivators, though they may be ready to run the risk of
losing & portion of their crops, will be obliged to refrain from cultivating
all the land under their tanks, though if they could secure a good secacon,
they would be only tvo glad to do it. The addition of the water supplied
by means of the anicut channels to sich tanks, would have the immedi-
ate cffect of securing the revenue and of giving confidence to the people.

Even with an expenditure of 20 lakhs of rupees, which is more than
would be required to bring an anicut and channels on a large scale, into
operation, it will be readily understood that an increase of revenue snffici-
ent to constitute them remunerative works, or a rcturn of 5 per cent.
might be realized almost in the very first year, during which a supply of
water is provided.  Dlirect irrigation by means of small channels would be
carried forward at the same time; and as the demand for water increases,
there is comparatively little to be donc, beyond increasing the capaclty of
the main channels for a few miles from the heads.

Thus the Delta projects in the Madras Presidency provide in the first
instance for the supply of water sufticient to place existing cultivation in a
state of security, and for a moderate extension of irrigation to new land;
but they admit, of expansion, until they comprehend the whole of the
country which can be brought within command of the water. This system
must be considered to be practically e very perfect one.



CHAPTER LVI.
IRRIGATION TANKS.

835. A Tank for Irrigation is formed by an embankinent thrown across
a line of Drainage so as to collect the water on the upper side, which is
then drawn off for Irrigation purposes by means of sluices and channels.

Tanks are of several kinds. 1. Where a bund is thrown across the
gorge of a mountain pass which is the bed of a torrent thus forming a lake
enclosed by the rocky sides of the pass.

2. Where a natural hollow in the ground outside the hills is made into
an artificial lake by closing up all places where the water can make its exit;
such & hollow may be a very small or may be a large natural basin drained
by a stream or nullah ; and the supply for such tanks may depend entirely
on local rain, or on streams swollen by rain in the hills above. Or, as is
often the case, the tank may be filled by a cut from a neighbouring stream,
not running through it.

§- Where artificial side walls are required as well as the front wall, to
enclose the water—in consequence of there being no natural hollow but
merely a continuous slope of the ground in one direction.

It is evident, however, that theso three kinds are merely modifications
of each other, depending on similar principles for their construction, and
which may be treated of collectively.

In designing a tank when the source of supply has once been ascertain-
ed, the first point to be determined is the position of the bund by which
the tank will be formed. Other things being equal, it is evident that the
narrowest part of the gorge or hollow should be chosen so that the length
of the embankment may be as short as possible—and in most cases this
will be found to be the best site. But it is also to be loocked to that this
bund shall hold up the greatest quantity of water possible, and this may in
some cases modify the actual site of the embankment. It is evident that
the amount of water so held up will depend on the area covered by the
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water and its depth. This depth again will depend on the height of the
embankment and the slope of the bed of the tank—for the water can no-
where rise higher than the lowest part of the top of the embankment (na-
tural or artificial) which dams it up, but will then, if the supply be conti-
nuous, escape at that point. Sometimes, therefore, it will be found that a
bund at some other spot than the narrowest may give a lurger area or
greater depth above, so as to hold up such an additional quantity of water
as will amply repay the cost of the increased length of the bund.

Other points to be taken into consideration in selecting a site for an
embankment are, the relative level and position of land to be irrigated, the
quality of eoil for foundations, and the proximity of stone and lime, fuel
and water, for the supply of the works when in progress.

Briefly, the indications most favorable to the construction-of a tank-
embankment may be thus enumerated :—1st, A channel bringing down an
ample supply of water; 2nd, For the bed of the tank, a broad expanse ot
nearly level land in front of the embankment, having a slight dip towards
the latter; 3rd, That the land to the rear be of greater extent than the
bed, and slightly lower in its level, in order that every portion of it may: be
irrigated through inasonry sinices constructed in the embankment, and
communicating with earthen channels leading 4o each field; 4th, A rocky
foundation at little depth from the surface; 5th, That water be procurable
from the bed of the water-course, or from a well, for the use of the work
and workpeople; G6th, That stone, lime, and fuel be within reasonable
distance.

It will rarely happen that all these advantages are offered at one locality.
The main object of the tank, it is to be recollected is the irrigation of the
land to its rear. A. careful survey of the proposed site ghould be made,
including the levels of the intended dam, and of the land to its front and
rear. The elevation of the ewmbankment, and the area of the bed to be
submerged, may then be adjusted and determined, and an opinion as to the
irrigative powers of the tank, in reference to its depth and expensc, may
be formed. The expense of the work is then to be contrasted with the
probable return from the irrigation of the land in rear, from the growth of
luxuriant crops in the bed after the withdrawal of the water, and from the
more indirect benefit ansmg from t.he multiplication of wells supplied by
filtration from the tank. ,

836, It next becomes necessary to determine in what way the surplus



408 IREIGATION TANKS.

water that may be thrown into the tank shall escape. If there is perfect
control over the stream by which the tank is fed, the water may be turned
off when the latter is full, by means of a sluice at the head. This, however,
will not often bo practicable and in any case an escape rnst be provided
from the tank itself for the surplus water: This may be allowed an exit
in two ways; ecither by the bund itself or by a side channel, arranged so
that the surplus water shall flow down it ms soon as it comes nearly on
a level with the top of the embankment. If such & channel can he pro-
vided at a moderate expense it is always the preferable method, as there is
then no danger to the bund from the shock of water falling over it—nor of
silt or boulders accumulating in the tank, nor of the Irrigation channels
and sluices being injured. DBut in many cases, especially where the tank is
formed inside the hills, the expense of cutting such a side channel would
be too great, and the only passage for the side water must be by the bund
itself. To effect this, flood-gates must either be provided, or the water
must pass over the whole or part of the bund. In peculiar cases the for-
mer method may be allowed, but as a general rule, the latier method is
proferable, as being self-acting. If the bund is of no great length and can
be made of solid masonry throughout, then the whole of it ean be arranged
as an overfull. 1f so largc.nn escape is not required, and the cmbankment
is of earth for the greater portion of its length, then a portion of the bund
must be built of masonry (the top being two or three fect lower than that
of the earthen embankment), and will serve as an overfall or waste weir, -

837, Snch are the general principles of these works—we may now
enquire further into the details of their construction. ' '

The thickness of the cmbankment must of course depend on the nature
of the material, as well as on its height and the violence of the stream that
has to be grrested. In damming up a hill torrent, boulders will generally
bo foand in sufficient plenty to yield abundance of lime and stone, and if
fuel is cheap and water at hand it would be better to make the whole bund
of pucka boulder masonry. If not, then the portion forming the overfall
must at any rate be so constructed, and the remainder may be made of dry
boulders with 2 long slope on each side and a thin pucka wall in the centre
to prevent leakage. The thickness should of course decrease from the
bottom to the top, and that portion over which the. water is to pass, espe-
cislly if it is to be of any great height,*should be raised, bit by bit, in
successive seasons, and the water be allowed to flow over it freely. It will
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thus have time to consolidate and its strength be satisfactorily tested. The
foundations should be carried down to rock if possible—or at least to firm
soil. 1If this is not found at a moderate depth an artificial foundation of
concrete or rubble masenry may be formed. The superstructure should
be carried into the side rocks to prevent their being turned. The shape
of the waste-weir may be perpendicular on the water side with a long glope
behind for the water to flow over, and the flooring protected in the usual
manner. Additional strength is sometimes given to such massive embank-
ments by throwing out bastions, at intervals, on the water side. One or
two of these can be made hollow to contain the sluices which can be work-
ed from the top, and spiral steps may be mede inside to descend into the
water. Where the supplying water is less violent and in the case of tanks
outside the hills, such extraordinary precautions and solidity of workman-
ship are of course not requisite. = Boulders, too will be scarce, or perhaps
wanting altogether,—so that earth, bricks, and perhaps brushwood and
piles, will have to be the materials employed. The earthen embankment
must of course be made very massive, and if it can be protected from the
action of the water by a thin wall of pucka brick masonry or dry stone it
will be as well. Tf not, it should be well turfed or defended with piling ard
wattling. Of course no part of the earthen embankment can.be used as an
overfall, but if there is no separate cscape for the surplus water, a portion
of the embankment itself must be made of masonry to act as an overfall,

338, Madras tan)-s.—The banks of the generality of tanks in Madras
seldom exceed 5 yards in height. Many of them are formed of earth only,
in a few instances carcfully turfed ; while some of the larger works and, in
countries where stone is abundant, many of the smaller banks also, are
protected by loose blocks of rough stone laid on the inner sloping surface,
or disposed in the form of a nearly upright revetment, without mortar or
cement. The object of these rough stone facings is not so much to sup-
port the earthwork, as to protect it from the action of the waves during
stormy weather, and from damage by the monsoon rains.

Many tenks are often formed in the same valley, the bed of one begin-
ning where the cultivation under that above it ceases. In consequence
of this, the breaching of one tank often leads, by the sudden influx of its
waters to the bursting in succession of those below it.  This is more par-
ticularly the case, when heavy and sudden rains succeed seasons of drought
during which, the earth of which the tank banks are composed, loses its

VOL. 11, 3e
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tenacity and is soon saturated by water. Another, and the general cause
of the breaching of tanks is the neglected state of their banks, which are
not in all parts sufficiently raised above the surface of the water in them.
High winds exciting waves in the tank, throw the spray over the lowest
parts of the banks, which are thus gradually worn away, until at last the
water overtops them, and a breach ensues.

In Madras, the waste weirs above described, are known by the name
Calingulah, & Tamil word of originally much wider import. Along the
upper surface of these,” a row of upright stones two to four fect apart,
and from two to eight fcet high are generally inserted. The intervals
between these stones are filled up with earth, straw, and rubbish, to in-
crease the capacity of the tank when the rains are moderate; but when
the supply of water is too great, and the tank is in danger of being
breached, the interstices are cleared, to allow a larger quantity of water to
escape, the rapidity of the outflow being increased by the additional vent
thus afforded. The damstones are made of such height, that the top of
the temporary bank raised between them is nearly on the highest level to
which water can rise in the tank without endangering its bank. In some
tanks, the excess of water flows out from vents pierced at a low level in
masonry walls similarly placed. These vents are closed by vertical planks,
inserted side by side, or by shutters. 'Works of this description, termed
surplus sluices, allowing the water to flow out with greater rapidity, are of
smaller dimensions, and less expensive than caliugulahs.  They have also
the very great advantage of permitting the escape of mud and sand from
the bed of the tank; by the accumulation of which all such works are
otherwise liable, in the course of time, to be filled up and rendered useless.
Vents to be closed by planks or shutters have frequently been constructed
in the lower part of the body of calingulahs. DBut the common calingu-
lah is the usual way of allowing the surplus water of tanks to escape.

839, The velocity of water issning from an opening such as a calingu-
lah depends upon the height of the surface of the water escaping above the
bottom of that opening, and is found by multiplying the square root of
that depth or height by 5, and the height being in feet, the velocity will
give the feet per second; thus the height being 4} feet, the velocity
will be 5 o/§ =15 #/3: this multiplied by the product of the height and
length, will give the discharge. Knowing therefore the quantity of water
that can enter the channel or tank in an hour, the length of calingulah is
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easily found : thus, it is found that for the extreme fall of rain on only one
square wile, a calingulah of 120 feet is required, supposing the water flow-
ing out to be of the usual depth, that is 4} feet, which is about the average
height of calingulah damstones in modcrate sized tanks. Were the depth
to be greater, the discharge for the same length would be increased, and in a
greater proportion, viz., that of the square root of the cube. Thus if the
depth were multiplied by 2, the discharge for the same.length would have
to be multiplied by a/8, and so for an equal discharge. A depth of 9
feet of water would allow of the length of the ealingulah being reduced to a
little more than 4 of the length required when the depth was only 44 feet:
so that if a tank bank be so high that it will be safe when 9 feet of water
goes over the calingulah, 40 feet will be sufficient for every square mile of
drainage. DBut this - an enormous length; it is not unusual for a tank
to receive the drainage of a country from several miles around; and if 30
square miles or a uarter of a circle of 13 miles radius drained into a tank,
by this rule it would require no less length of calingulah than 1,200 yards
in the former case, and 400 in the latter, while there are no tavks having
calingulahs approaching these dimensions.

We must therefore inguire into other parts of this important question ;.
and in the first place, we have hitherto proceeded upon two extreme sup-
positions which can rurely ocenr together, viz., 1st, That the tauk is full
before the henvy fall of rain commences; and 2ndly, That 5 inches of rain-
fall in onc hour, or at thc sarae rate as records has shown it to have fallen
in 12 minutes only. The le..zth of calingulah necessary would have to be
redgeed in proportion as the fall of rain is less rapid; and if 120 feet be
required for 5 inclies an hour, GO will suffice for 2} in the same period ; or
if the water can for a short time be 9 feet above the floor of the calingulah,
40 feet per square mile will do for 7 inches, and 20 feet for 2} inches per
hour. With regard to the first supposition, it is most likely that the tank
will not be full when the heavy rain occurs: and in this case the greatest
part of the water would be retained in the tank ; thus if the bed of a tank
contain 5 square miles, and it receives the drainage of 20 square miles (the
total fall of rain not exceeding 50 inches in a year), the tank would not
overflow if capable of containing 4 times 50 inches, or 16 feet 8 inches over
its whole surface; or if the bed of a tank be in any proportion to its drain-
age, water will not flow out until the number of inches of rain fallen bears
the same proportion to the average depth. It is evident, therefore, that
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the proportion that the tank bears to the surface of the land which drains
into it, must also be taken into consideration, and the dimensions of the
calingulah regulated by all the circumstances which offect the supply of the
tank and the quantity of surplus water. To most large tanks the water
is prought from rivers by channels, and the quantity of supply may (in
that case) be regulated by s head sluice.

One of the largest calingulahs in Madras is that of the Carangooly
tank, in the Chingleput district, and is of the form and dimensions of the
annexed plan : it was built, by General Sir J. L. Caldwell, of the Madras
Engineers, many ycars ago.

340, Sluices of Irrigation.—Consist of long tunnels of cemented brick
or stone, arched or covered with flat stones, passing through the banks of
tanks, and on a level with the bed of the tank; furnished at the extre-
mity, inside tho tank, with a contrivance for regulating the quantity of
water that flows to the fields, and at the other end with a cistern or basin,
the walls of which are picrced with holes at different levels, through which
water running to the branch channels is carricd to ficlds at various eleva-
tions, The sluices in large tanks have sometimes cisterns at the inner
end also, the object of which is to prevent the accumulation of mud at the
head of the sluice.

The ordinary contrivance at the head of the sluice, known by the name
of payal, consists in a vertical door (often merely a block of stone) which is
removed to allow water to flow, only when the tank is nearly empty, and
in a portion of the covering (which is of stone) being pierced with a
conical hole, in which a conical block of wood attached to a long bamboo,
is moved upwards or downwards from a frame of two large upright stones
and two or three placed transversely for the sluice man to stand on.
These latter have holes in them through which the bambloois lifted or
lowered. The orifice through which the water issues is blocked by this
deseription of stopple, or opened to any desirable extent according to the
demand for water.

Irrigation by tanks is often combined with that by rivers, the water
from the rivers being brought into tanks that are favorally situated, by
means of channels cut through the river bank and intervening ground.

341. The following description of the Mysore tanks by Captain (now
Major-General) Green, will be found interesting :—

“ Tanks.—There are upwards of 20,000 tanks in the returns, the bunds of which are
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of every variety of length from a quarter of a mile to 1} miles. They are with very
few exceptions, faced with arough stone revetment, having a batter of about one hori-
zontal in two vertical; the stone facing averages from a yard, to half a yard in thickness,
and is backed with loose rubble stones, which are together of a thickness equal to that
of the large stones in front. Occasionally a lighter description of revetment retains
the rear slope of the bund. The breadth of the earthwork is proportioned to its
height, which is greatest in the centre of its length. An ordinary bund is about 12
feet broad at top, 60 fcet at bottom, and 18 feet high ; there are many in every Talook,
however, which ¢xceed the above seetion.

“ Stuices.—Each tank is provided with from one to two, and sometimes three sluices,
by which the water ean be lot out to the fields at pleasure. Their position is generally
on g level with that of the bed of the tank, but if any portion of the lands to be irri-
gated be above that level, one or more of the sluices is placed ut a corresponding height.
A tank sluice is a large, substantial and not unfreyuently an expensive work; it consists
of a 2 yard square brick or stome cistern one yard high, to keep off the sand at the
front of the bund, with one or more valves, or plug-holes in a stone at the bottom,
from 6 inches to a foot in dinmcter. The valve is attached to a pole so long, that
the top shall never be covered with the water in the tauk. It is held in an upright
position by 2 or 4 vertical stone pillars from 9 inches to § a yard square, to which
horizontal stones are attached, one at top and another midway, down through a hole
in tho centre of which the valve rod works, having a stout chain and pin to uphold
it when necessary, and to regmlate the discharge ; the pressure of the water upon the
top of the valve keeps it sufficiently tight when lowered into the valve hole to prevent
the escape of the water. At the rear of the bund another cistern of about the same
dimensions and usually of brick in chunam is built, three sides of which arc furnished
with square openings, and shutters to admit of the water being turned off in the
required direction.  The two cisterns are counceted with a tunnel, the length of which
depenids npon the cross section of the bund throngh which it is laid, and is generally
from 10 to 30 or 40 yards. The vent throughout the tunnel, for the passage of the
water, i about 2§ fect high and 2 feet brord. These dimensions are adopted to
permit ot a man going in o clear away obstructions, and to examine the state of the
tunnel ov(-asmnnlly, should anything appear to have gone wrong. The cross section
of a tunnel is like that of n massive barrel-brick-drain, but the vent is gencrally
rectangular and cased with granite slabs about 6 to 9 inches thick.

¢« Codies.—In addition to the sluices cach tank is provided with from 1 to 4 open
masonry outlets, called codics, the gorges of which vary from 10 to 100 yards in
width, and by*which the surplus water of the tank escapes to other tanks below. As
the rush of water over the codies would wash away any but a strong description of
work, hy which it was confined in its passage from the tank, the codies are necessarily
made very substantial with the largest sized rough stones procurable in the neighbour-
hood, those of the large tanks rivalling the smaller anicuts on the rivers in the
massivencss with which they are constructed, and the brick retaining walls with
which they are frequently protected. Codies are generally of a square figure covering
as much ground lengthways, as in their width. The front, which breasts the wator
consists of a solid rough stone wall from 1 to 2 or 8 yards dcep, according to the qua-
lity of the soil, and of proportionate thickness. It is furnished with dam-stones, which
project a yard and a half, and are let firmly into the top of the wall at 1 yard intervals,
The addition of some sticks, straw, and turf placed in front of these vertical stones
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makes a temporary dam, by which the ryots are enabled, after the burst of the mon-
soon i8 over, to retain the water in the tank at a level about two feet higher than they
otherwise could have done, and to sccure the water for & so much larger period.

“ The sides of a cody are protected by wing walls 1 to 2 yards high, of rough stone,
or brickwork which, contract or approach one another at the ends of the gorge wall,
and widen out above and below forming, as it were, the sides of the funnel of dis-

« The stones on the lower of the gorge wall, are usually laid over suitable foundation
in the form of a sloping apron, from its top to the hottom of the nullah below, by
which the force of the water is broken; in cases, however, where it is found dif-
ficult to render this (the ancient mode of building codies) permanent, recourse has
been had to disposing of the apron stones like a flat pavement at the foot of the gorge
wall (whatever be the height of the latter) taking care to have a very solid iron
clamped platform of cut stones for the water to cascade upon. Its force is there
expended, and it flows gently awuy from the foot of the gorge wall without having
the power to do any mischief ; this plan is found most effectual, and has never failed
wherever it has been tried. '

% The level of the top of the cody, whether of the permanent masonry, or of tho
low temporary dam now occasionally put above it, is the gange of the powers of
capacity of the tank; above that, the cody is always open and acta as the safety valve
of the tank.

“ In the nullah, immedijately below a cody, is sometimes built another work of rough
stone like tho cody, and equally large, but whick ro applied is termed o “ cuttay.”
Taken off, from above the latter, is a channcl of irrigation. This is a very good
arrangement, when the levels are favorable. The cody retains the water in the tank
at its highest safe level ; the cattay helow appropriates the surplus water, which the
cody has discharged, and which but for such cuttay would be lost. Touring over
the cody in a thin sheet of perhaps a few inches only in depth, the sectional area of
the water is fully sufficient to supply an ordinary tank channel of irrigation, and when
it ceases, recourso is had to the sluices in the bund which are then opencd. As the
surplus ‘water for 10 or 15 days annually is discharged in a great volume over the
codies, the cuttays below are then exposed to a great shock from the impulse thercof,
and require to be substantially constructed.

« As the alluvial deposit, year ufter year accumulating, gradually raises the beds of
tanks, they Would in process of time become uscless were not the alternative adopted
from time to time of adding to the height of the bunds, which of course involves an
enlargement of the cross section generally, as well as the raising of the eodies and
the construction of new sluices at higher levels thun the former ones ocenpied, when
the sand has eventually choked them up.

% Thus, even if no breaches occar, there is & constant yearly increased demand for
tank work, and several of tho bunds have attained height in the effort to keep them
suficiently above the surface of the water. The upper part or roadways of soveral
bunds in each of the four Divisions, are on a lovel with the tops of the cocoanut, and
even of the more lofty areca, trees in the gurdens immediately below them.

The same resource is had recourse to in discharging the sand from the tank beds,
that is adopted for the ejection of that carried into the channels of irrigation from
the rivers. But a different season is selected ; instead of the close of the monsoon,
its commencement is taken, and no sooner is it seen that the monsoon has set in, than
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the ryots range themselves about the sluice head in the tank, which is at this time
shallow, and stir up and agitate the bed, till, reduced to a semi-lignid state, it runs off
through the sluice with the water. This, like the opening of the nullah nnder-sluice,
is however but a partial remedy. It is less expenswe to raisc the bund than to carry
away the sand by hand.

“ Most tanks receive their supply from the high gronnd in the neighbourhood, and
irrigate paddy ficlds or gardens immediately below them ; but there are exceptions to
this, as numerous tanks are partly supplied by channels winding round more remote
hills, and which catch all the rain water flowing down their sides and convey it into
the tank. Water-courses or nullahs which are called into existence during a local fall
of rain, are also dammed up, and their contents in like manner appropriated to the
henefit of tanks, A single tank may posscss several feeders of this kind, all of which
require to be kept in repair.

“In like manner the fields to he irrigated are occasionally at a distance from the
tank, and have chanuels of irrigation thercfrom, including their windings, of from 2
to 30 miles long, and nupon the preservation of all of which in proper order, depends
the success of the crops. The water of the Soolikerruy lnke irrigates land at a dis-
tance of 30 miles. Other rescrvoirs of water, not connected with the irrigation, but such
as public wells, howries, cuttays and so forth, which arc required for the nse of the
inhabitants and their cattle, have been extensively restored in every Talook in the
country ; aud the consideration of the Government in directing these improvements of
works 0 cssential to the health and comfort of the community, is rightly appreciated
and gratefully acknowledged.

342, Ttis calculated in Madras that a cubic yard of water is required
for every square yard of land having to be irrigated constantly through the
year. This appears to be a large amount, but in the absence of more

certain data it may be used in estimating the probable return of a
tank.

Rice land requires to be covered thronghout with water to a depth of
half an inch; seveniy two days are calculated as the time required by the
land to be covered with water ; therefore for a cawnie of land, (6,400
superficial yards,) 6,400 cubic yards of water should be stored for every
cawnie which is to be watered.

A channel should supply 2222 = 88% cubic yards per diem, or 8}$ cubic
yards per hour for every cawnie to be watered.

It is usual, in calculating the water required for a cawnie, to allow
10,000 yards, which allows for evaporation, wastage, absorption, &e.

888 cubic yards = 2,400 cubic feet per diem = 100 cubic feet per
hour, and requires a vent of 415 of a square foot at the velocity of 1,000
feet an hour; at one mile an hour, it requires 2 of a square foot.

For 440 cawnies of rice land, equal to one square mile, water running at
the rate of one mile an hour will require a vent of 4% = 8-3 square feet.
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Not much attention, as a.general rule within certain limits, appears to
be given to the size of orifices for the discharge of water for irrigating land
undor tanks. The sluices which are pretty numerous, because” some lands
are higher than others, and again belong to different villages, are furnished
with conical shaped vent holes in front, cut in stone, with some little re-
gard to the quantity required: these are furnished with conical plugs;
and a little practice enables the person whose business it is to distri-
bute the water, to judge what amount of opening is required.:

843. The tank system of irrigation so common in lower India is com-
paratively rare in the Upper Provinces. Indeed the only districts where
it has been carried out on a great scale, the principle having been applied
by tho Natives from time immemorial, are those of Mairwara and Ajmere,
where Colonel Dixon’s energetic attention to the subject produced most
successful results.

The districts that lie at the foot of the Hills on the E. N. E. and W.
of the Punjab would, however, scem to be peculiarly adapted forit. Rain
is scarce, the hill streams are numerous, and the soil in general of good
quelity, A system therefore by which the temporary supply of water
from occasional rain might be stored up for future use, is one that is de-
serving of serious attention. '

In the Punjab, the tank would sometimes be filled twice a year—about
the months of February and July—and would irrigate both crops. In
other parts, especially on the Western frontier, where very little rain falls
in the cold weather, it would often happen that the water would be available
for the Khuresf only. The bed of the tank might in this case be sowed
when dry in the autumn for the spring crop—as the soil would be wet
and probably rich from the silt deposited in it.

844, On the Western frontier of the Punjab, where rain is excessively
scarce, and the ground near the Hills at so high a level that it is impos-
sible to irrigate it either from Wells or Canals,—the natives are very
ingenious in turning the water that occasionally comes down the hill nul-
lahs to good account. The dry bed of the stream is taken possession of,
and dams of earth and brushwood thrown across from bank to bank at
different favorable points. When the water comes down, its level is
thus raised against these bunds and it is skilfully directed down the secon-~
dary channels, natural or artificial, whose. mouths are just above the dam,
and which in their turn are bunded. By a similar method the water is
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tarned down still smaller channels until finally it is thrown on the fields,
which are bunded all round to retain it. When the bunds of the main
stream are over-topped and carried away, which usually happens in s
very short time, those lower down the stream get their share of water—
snd so skilful is the organization that although these floods last but a very
few hours the water is distributed in the above manner by hundreds of
weirs and minor channels over a large extent of cultivation—and with,
generally speaking, remarkably few disputes.

The great defect of the system is that if only a small quantity of water °
comes down, the bunds lower down the stream, go without; if a large
quantity comes down the violence of the torrent is so great that the earthen
bunds are carricd away in succession too rapidly, and three-fourths of the
quantity is wasted. Moreover the cultivation is precarious in the last de-
gree as rain is so very rare. If masonry dams or weirs could be substitu-
ted for these earthen bunds, it is evident that the water would be under far
better control than at present, and moreover could be stored up for future
use in the bed of the nullah above the weirs. By a proper system scarcely
any would be lost. Suppose for example a nullah some fifteen feet deep,
with a fall in the bed of twenty feet per mile—it is evident that, if dams
be constructed from bank to bank at every three-quarters of a mile,
the surplus water passing over their tops in succession, a series of still
water canals would be formed whence the water could be drawn by means
of channels or the Persian wheel. If the beds of these nullahs were too
shifting and shallow for this, then the waste water could be thrown by
means of small side cuts into artificial earthen tanks. By a proper appli-
cation of these two methods, there is little doubt that a great extent of
country now lying barren could be brought under irrigation.

In the construction of such weirs, the same rules apply as have already
been stated with regard to tank dams—wherever the banks are at all liable
to be cut away, great precautions are necessary to prevent the weir being
turned. The masonry must be carried well into the banks on both sides
and water walls added for some distance both up and down-stream.

845, The following description is from Colonel Baird Smith’s work : —

The tank which bears the rather formidable name of Chumbrumbaukum is one of
the finest.in the Madras Presidency. It is picturesquely sitnated in the vicinity of
bold hilly ground, and looks like a natnral lake in a position where such a sheet of
water might very readily be looked for. Beyond furnishing the water and the site,

VOL. 1L 3 n
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however, nature has bad very little to do with its creation. It is purely artifieial,
and its supply is retained by an embankment 8 miles 5 furlongs 20 yards in length,
ranging from 9 to no less than 28 feet in thickness, and from 16 fo 26 feet in height.
Ita area js'9} square miles, and its volume may be estimated at 8,000 millions of cu-
bic feet of water, It maintains a sheet of rice eultivation, mearly 10,000 acres in
extent, yielding to.Government an annual revenue of rather more than 50,000 rupees,
and the eost of improving its varions works, and keeping them in efficient repair has
averagod, during the last 20 years, about 7 per cent. on the revenue derived from it.
Its apparatus for distribution «consists of 10 irrigation sluices. Its safety during
floods is insured by the activn of six waate weirs or calingulas, giving in the aggre-
gate a breadth of escape channel of 676 feet, with a depth below the crest of the em-
bankment ranging from 6 to 18 feet according to position. Through this ares an
enormons mass of water can escape, and as the supply is dependent almost exclusive-
ly on natural rainfall and merely local drainage, the protective provision has proved
adequate, and breaches have been very rare,

846, The following descriptions of other kinds of Irrigation tanks in
Mairwara and Ajmere are from Col. Dixon's work :—

Kabra tank embankment—The Plate gives representations of the plan, section, and
elevation of the work, AB shows the bund or embankment blocking up the gorge
Teft open by Nature in the line of hills for the passage of the rain-water. Towards
the water-line is the wall of masonry, having three bastions with two flights of steps
leading down to the water. The wall of masonry is supported by an earthen embank-
ment, the upper level portion of which represents the terreplein of the bund. D
denotes the nuddee, or water<course, which has been closed up ; whercby the water,
collecting in one mass, constitntes the tank. The section through AB shows the
thickness of the masonry and earth. The escape, C, has been cut through the hill.
It has-a wall of masonry towards the water-face perforated with apertures for sluices,
throngh which the wator is conducted to drains made of carth by the cultivators,
leading to their several fields. The cxcess of water after the filling of the tank
passes over the summit of the masonry wall, and flows off to fill weirs and tanks
constructed to its rear. A setond opening, or outfall, is made in the opposite hill, as
is shown in the Burvey Map. The elevation gives the appearance of the masonry
wall a8 seon from the bed of the tank when it is dry. The Survey Map affords an intel-
ligible view of the bund, water, and country around. Wells have been sunk in those
positions where the cultivated land was too elevated to be irrigated by the sluices.
Théy communicate by small cuts with the bed or sluices, and the water is raised
by the Persian wheel, worked by & pair of bullocks. Soctions through the kutcha
drains made of earth are shown. The references on the plan, give a full explanation
of the particulars to which they refer. The dotted lines drawn across the tank exhi-
bit the positions taken up in its survey.

The basin drained by the Kabra nuddee, at the place embanked, emhraces an area
of about seven square miles, Dnnng heavy rains, the stream swells to & mountain
torrent. It was therefore a question of the first importance, that the work should
be extremely substantial and capable of resisting the pressure of a wide expanse
of water, having a depth of 20 feet. The length of the bund is 620 feet; the
foundation has been sunk to the rock 9 feet in depth, having a breadth of 27
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feet, built of stone with limestone mortar. The front wall slightly decreases in
breadth as it rises in elovation, each course of masonry having a narrow ledge to-
wards the water-face, as the breadth decreases ; the weight of the superstructure is
thus kept well within the perpendicular line. By gradual decrease, the masonry is
reduced to 10 feet in breadth at the top. It3 height from the foundation rock to
the summit is 83 feet. The rear embankment, continued through the whole
length of the bund, is 70 feet in hreadth, its greatest elevation being 28 feet
and G inches. The water in the tank, after rising within 4 feet of the upper
line of masonry flows out by the outfalls on the right and left of the bund. Gran-
ular limestone is in such abundance, and so easily quarried, that it has been e~
clusively used as the building stone. It was contracted for by the Zwneendars at the
rate of ten cubic yards per rupee, tools being provided at our own expense. The
stone was then carted to the works at a stated contract price. The quarries being
near to the bund, this charge was eqaally reasonable with the original cost for
excavation. Earth for the embankment was provided from the bed of the tank,
ramps of carth being thrown up for the convenience of the beldars and cattle, as the
elevation of the bund increased. Latterly, as the soil immediately in front became
exhuusted, carth was taken from the rear. The embankmoent in immediate contact
with the front wall of masonry was well beaten down and watered from time to time.
The beldars were paid by contract. A low sloping bank was thrown up in front of
the masonry, in view to case off the pressure of the water ; and to prevent the earth
of the main embankment from being washed away by heavy rain, it has been
provided with a dry stone retaining wall from 4 to 6 feet above the surface of the
ground. The masonry and the cmbankment were carried on at the same time ; the
presence of the earthen bund obviated the necessity for scaffolding, while the carth was
well trodden down by coming in constant contact with the feet of the work-people.
The work was commenced in 1887, and was completed in two years, Many facilities
were offered in its construction. Stone, lime, and wood were in ample abundance
and near to the scene of work. Water was the grand difficulty to be overcome during
the first season. It was arranged for, by sinking several wells in the rocky bed of the
nnddee,
The expense of the work was as follows :—

BS. A. P

158,121 cubic feet of lime masonry- - - 4366 6 0
8,880 » of dry stone masonry - - 121 12 6
725,215 ” of earth well beaten down - 1,758 1 2

Total expense of the Kabra embankment - 6,248 38 8

The expense of the pucka masonry during the first year of construction was at the
rate of throe rupees and two pie the 100 cubic fect. During the second year, owing
to the presence of water in the tauk the charge was reduced to two rupees nine annas
the 100 cubic feet. Dry stone masonry averaged one rupee ten annas, and earth
about four annas for the same measurement.

During the last two years, the sluice in the ontlet to the west of the bund has been

sunk several feet in depth, In view to irrigate the lands to the rear, and obviate the
necessity of Persian wheels, and otherwise economise the labor l‘.‘\f the cultivators.
Before this arrangement was completed, there were eighty wheels, generally provided
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efforts to remove it proved unavailing. The trench was filled up with unslaked lime,
and stones promiscuously thrown in, until the water-level was attained, when the
masonry was built with stone and mortar in the ordinary way. This work has stood
ten years, and is as firm and stable as the day it was raised. The sections on y ¥ and
z 7, show the thickness of the masonry. The elevation affords a front view of the
weir from its bed, on the nuddee being dry.

¥n works of this kind, over which the mounntain torrents during the rains pass seve-
ral fect in depth, attention should be directed to the sccurity of the flanks. The
masonry at each end of the water-way should be elevated a few feet above high-
water mark, and firmly embedded in the banks. With these precauntions, the torrent
may roar in its passage over the weir without exciting apprehension,



CHAPTER LYVII.

RIVER INUNDATIONS—RIVER IMPROVEMENTS.

848. Berone dismissing the subject of Irrigation Works, it may be
useful to say something on River Inundations and River Improvements,
with both of which the Indian Engineer has often to deal.

TInundations.—The tendency of Indian rivers to shift their course and
raise their beds by the deposit of silt has already been remarked upon—one
effect of this tendency is to cause severe inundations during the rainy sca-
son. Nearly all the rivers of the Punjab and Upper India in general,
flood their banks for a certain breadth on each sidethroughout a consider-
sble portion of their course, these inundations gradually increasing as the
river approaches the sea where it terminates in an immense delta—which,
during the rains is little better than a vast swamp.

Now so long as these partial inundations are confined within reasonable
limits, little harm and much good result from them. They do not it is
true tend to the healthiness of a district and they prevent any autumn crop
being sown on the inundated land—but the silt deposited by the water
tends so to fertilize the land that on the subsidence of the Inundation in
the cold weather, the richest crops are produced with scarcely any trouble.
In such parts of the country it is customary for the cultivators to construct
temporary villages which are abandoned when the 7ubbee or spring crop
has leen reaped—or such villages as are permanently inhabited are built
upon natural or artificial mounds, and if necessary defended by a bund or
embankment.

The autumn crops which lie along the edge of the inundation are also
defended by bunds which often extend for miles in length ; these bunds
are of no great height or solidity, as they are not built where the water is
deep and are merely meant to save the crops.

But such inundations, from local causes, often attain to great force and
sweeping over the low ground may extend through the heart of a district
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with a breadth of many miles and a depth of several feet. Houses, vil-
lages and crops are swept away—cattle and even human beings destroyed.
Moreover the water no longer flowing with a gentle and scarcely percep-
tible current, acquires great velocity in its course throngh the low land and
having no time to deposit its silt, impoverishes instead of nourishing the
goil. An Engineer is often called upon to provide a remedy for such a
state of things, and there is no work that demands more patience and
skill, and none more anxious or interesting in its results.

Thus it will be seen there may be two classes of embankments designed
to provide for two different states of things, viz., (1), long continuous lines
of embankment to check the spread of lateral inundations, and confine the
river within certain limits; or (2) a comparatively short piece of embank-
ment thrown up to shut out a merely local inundation.

849, 1. The science of Embanking, if it may be so called, is still in its

infancy, and very diverse are the opinions of Engineers on the subject. It -

is contended by the opponents of river embanking in general, that such

embankments by restricting the bed of the river within certain bounds,
cause such a rapid elevation of the bed from the free deposit of silt, that
the waters of the river are year by year raised to a much higher level ; the
embankments have therefore to be raised and strengthened regularly, so

that at last the bed of the river may be raised considerably above the level *

of the surrounding country, as is the case with the Po in Italy, and the
Mississippi at New Orleans-—thus, whenever a breach may occur, the in-
undation is infinitely more destrnctive than any number of inundations
when the river is allowed to take its own course unchecked. On the other

~

hand it is contended, that by confining the river between embankments, '

the velocity of the current is increased and thus the amount of silt depo-
sited is lessened—that the improvement of the river thus effected for
navigable purposes, together with the great arca of land annually saved
from inundation, more than compensate for the loss caused by an occa-
sional breach of the embankment-that the evils of the present system of
embanking arise from the want of method by which it has been characteri-
zed, and by no means involve the general principle, and that if a certain
amount of space be given for the river to expand in on both sides of the
cold weather channel, there is nothing to be feared with ordinary precaun-
tions. The general question had to be dealt with practically in this coun-
try in the case of the Damoodsh river, as connected with the alignment
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of the East Indian Railway, The opinions of different Engineers and of
the committes appointed by Lord Dalhousie, to determine the necessary
measures, will be found in the Bengal Government Selections.

In America, the guestion of embanking or non-embanking has been
practically settled by the occupiers of the land on both sides of the
Mississippi, where, as fast as the ground has been taken up and cleared,
bunds or levees (as they are there termed), have been thrown up as a
defence against the encroachments of the river.. The maintenance of
these levees is being gradually brought under the control of the States in
which they are situated, and Civil Engineers are now generally employed
to lay them out, and construct them on the best principles.*

850. 2. Wha.cver opinion may be formed as to the expediency or
otherwise of long continuons lines of embankments, it is still clearly
necessary to resort to embanking for defending a country from local inun-

* dations, and it is to such therefore in especial that the following remarks
will refer.

The first point to be ascertained is the actual locality of inundation at
its exit from the river, as this will tolerably define the length of the em-
bankment that will have be to constructed. At the same time the cause
must be sought for, and this will generally be found to be—a set of the
river towards that particular spot where the inundation bresks out, with
perbaps the existence of a valley or old water-course or ancient bed of the
river into which the inundating water flows, and by which it is carried into
the interior of the country. It is in general imnossible to ascertain the
cause of this set, or at least very difficult. For the cause may exist higher
up or lower down, or near the place itself, and these rivers, are so capri-
cious in their meanderings, that we know little of the laws affecting their
various changes of course.

Ir. some cases, however, the cause may be ascertained and attempts may
be made to divert the set of the stream towards the opposite shore. The
means to be adopted with this end in view will be discussed further on
under the head of ¢ Improvement of Rivers.” Such experiments are
always doubtful, and usually require to be carried on through a series of
seasons to be successful. It is, in fact, battling with a giant and requires
great perseverance, energy and skill to obtain any success. Works con-

® The stndent may coneult Hewson on * Levees,” snd Ellett “On the Mississippi and Ohio
Rivers ;" also a very able report which has lately been published by two Officers of the United States
EBngineers, “ On the Physios and Hydraulics of the Mississippt River."
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structed when the river is low, are often swept away by the first freshet—
and the work has to be done all over again. If therefore the damage done
by an Inundation be great, but especiaily if it has a tendency to increase,
the difficulty should be at once boldly met and cmbanking be resorted to
as the only efficient remedy.

851, The locality of the exit of the Inundation being ascertpined, the
extreme limits must be found out, that is, the lreadth of the invading
body of water; and its greatest depth shoul be ascertained at as many fixed
places as possible ; this will be determined by actual obsert ... during the
flood, in a boat or otherwise, and by inspecting the flood marks left on
houses, trees, &c., as soon after the waters ..ave receded as possible.

The fall of the ground from the points where the flood 7opths have been
ascertained near the river bank, along the course of the inundation ill]al;d,
should then be determined by levelling, and this being all plotied down on
a plan o. the surrounding country, the line of embanlient will be deter-
mined from the following consideralions :—

1st, It is evident that the two ends of the Bund should rest upon high
ground not linble to be inmndated, er that at auy rate the upper end must
s0 rest, or there will be the great danger of the embankment being turned
and flooded in the rear. _

2nd. If the river, as is gencrally tho case, is cutting away its bank,
the bund must be fixed at some distance inland or the river may eat its
way to the foot.

8rd. Al canals and vater-courses (unless it is intended to shut them
up) will require Masunry Works over them, where crossed by the Bund,
50 that a proper quantity of water may still be allowed to pass for the pur-
poses of Irrigation—wherefore it is desirable to cross as few of these as
possible, and they should be crossed at right angles.

4th. It is evident that the water when stopped in its onward progress
by an embankment, will rise {0 a mnch greater height that it did when
flowing on unchecked. The greatest height to which it can rise at any
point of the bund, will be found by finding the fall from the opposite point
on the river bank and then adding to this fall the height of the highest
flood mark, observed at the point on the bank. Thus, if the water rises
two feet high when overflowing its bank, and the fall from the bank to the
opposite point at the bund be four feet—then the water may rise to a
height of six feet when checked by the bund. I say, may rige, for this

voL, 1L 31
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will only happen when the water has no free outlet at the lower end of
the bund or when the fall down the course of the inundation is greater
than the fall down the bank of the river. Nevertheless this horizontal
line of still water (as it may be called) should always be taken to deter-
mine the height of the bund, three feet being allowed in height over and
above this total for safety’s sake. As many points therefore on the river
bank whosc flood marks ere clearly determined, will give the required
height of the bund at as many opposite points in the proposed line of the
bund. It is evident then that the more inland the bund is made the
greater will have to be its height, and in all probability the greater its
length.
These four conditions will generally determine the line of embankment,
i which to satisfy thcm should, (1) have its two ends well secured, (2) not
be too near the bank or it may be cut away, (3) should cross as few water-
courses as possible and these at right angles, (4) should not be too far
inland, or it will have to be made very long and of & great height.

There are also minor points which may have to be considered, such as
the taking up of cultivated land, the defending any particular village,
avoiding bad soil, &e. The land between the bund and the river will be
greatly enriched from the deposit of silt. On the other hand, such por-
tions of any canals as lie between the bund and their mouths on the river
bank, will be much silted up, and require heavy clearing after the water

i
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has retired.

The height of the bund at various points being defermnined upon, the
line should be cleared und levelled, and then the reguired height at any
number of intermediate points may be ascertained by luvelling.

352, The section required for either class of emb.. 1kment will depend
on the depth of water and its velocity. I suppose earth to be the material
employed, as stone would be rarely procurable, and generally much too ex-
pensive,

Unfortunately we have few rules to determine the necessary thickness of
material to resist water in motion. 'We can calculate the mere dead pres-
sure from the depth and arca of the surface pressed, but the two great
practical dangers to be guarded against, come under no fixed rule. These
are, 1st, The tendency of the water to cut against the slope of the bund,
either from the velocity of the stream or when agitated by waves; 2nd,,
The soaking of the water through the mass of new earth, which, unless
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speedily checked, will cause breaches in many plﬁces. It is evident that
both of these dangers diminish in proportion as the bund gets older and
the earthwork has ¢ime to consolidate—it is during the first,year that the
greatest danger occurs. There is also a third source of danger which
should not pass unnoticed, and that is the holes made in the embankment
by rats or other vermin. '

The thickness of the bund at top will depend on whether it is also to be
made use of as a public road or not. The traffic on it tends to consolidate -
the earth, but it ig also apt to break it down, and lower the crest. In the
Plate an arrangement is shown for joining a road on to a bund, which
obviates this objection. A top width of 6 to 10 feet will gencrally be suffi-
cient, with a rear slope of 1 or 1} to 1, according o the nature of the soil.
On the water side, the slope cannot be too long for safety, and the degree
of its flatness is a mere question of expense. Tt ought never to be less
than 3 to 1, and, in general, should not be Tess than 5 to 1.

The earth should be thrown up m layers and well rammed, and the sur-
face soil Toosened to make the new earth bind better with the old.  Sand
way be allowed for the heart of the bund, but not for the two slopes. Stifl
dlay is apt to erack and is not so gond as light clay or good allnvial soil.
Shrinkage should be allowed for, as in the case of Road Embankments.
The amount depends on the nature of the soil, and usually varies from }th
to o, th the original bulk.

The earth for the construeiion of a bund should on no account be taken
mmimediately from its front, the cllect of which would be either to deepen
the pressure of the water against it, or to make a dangerous stream along
its face.  No excavations should be allowed within 20 feet of the toe of
either front or rear slope. :

353, When the foundation soil is very boggy, it may be necessary to
seek for an artificial foundation to support the bund. Awmerican writers re-
commend brushwood, as in the case of a road bank, but the danger of leak-
age is very great, and may result in the new bank being undermined and
swept away. If draining is too expensive, the sub-soil may be consolidated
by wooden piles made of any common wood, and driven in 4 or 5 feet
deep, or the earth may be cxcavated for 3 or 4 fect, and the excava-
tion filled in with sand. A simpler and cheaper remedy is to use sand-
piles, i. e., a wooden pile of abont one foot diameter is driven in some feet,
and then withdrawn, the hole so made being filled in with rammed sand,
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and this is repeated at intervals of 8 feet or 50 in each direction over the
whole of the boggy surface.

If possible the water-slope should be artificinlly protected. The best
plan is to turf it, or at least the lower half of it; but unless grass and
water are plentiful and close at hand, the expense would be too great.’
Grass roots may be dibbled in here and there, or grass seed sown and well
watered. If none of these can be managed, then loose brushwood may
perhaps be available, or coarse mats and chuppahs. In Holland straw is
used for the some purpose, twisted into ropes about 2 inches in diame-
ter; it is laid on the fuce of the bank and pinned down With forked sticks,
rope after rope being added till the whole slope is covered.

Any dry streams or water-courses crossed by the bund should be care-
fully filled up for a certain distance in front, as when the inundation first
breaks out thesc nullahs are filled with water, which will often run down
their course and cut clean through the bund, even beforc the water has
attained any height. Wherever guch wullahs appear either at right angles
to, or oblique with, the bund, it is advisable to throw out spurs of brush-
wood and piles nearly perpendicular to the stream of water to divert the
set of these streams from the bund. These spurs may be made of a double
row of piles of jungle wood, about 4 feet apart and filled in with brushwood
—they should be higher than the water, and may be necessary in consider-
able numbers, as in the defence of a river bank.

In crossing canals, Regulators will be required, made after the ordinary
manner of regulating bridges, the roadways being level with, and connect -
ing, the top of the bund.

In a new embankment, the greatest watchfulness is necessary when the
water comes up, to prevent breaches. (fangs of workmen should be sta-
tioned all along, well supplied with mats, piles, mallets, &c. As soon as
the water is observed to be soaking through at any place, mats or brush-
wood ghould be put in front to stop it, and if a regular leak occurs under-
neath, the bund must be well cut into and the lcak discovered and stop-
ped. If the slope is being cut away, piles and brushwood must be applied
to remedy it, and a spur thrown out to divert the sct of the water. If a
break occurs and the water rushes through with any force, as is generally
the case, it will be almost impossille to stop it—the only thing to be done
is to defendhe sides of the breach with piles and brushwood to prevent it
increasing, and to wait the first falling of the water to repair it. Breaches,
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however, may be occasionally stopped with tripods made of piles placed in
a row,—and stout chuppahs in front. Sacks of earth in sufficient numbers
thrown into the breach are also useful, or old boats may be sunk.

Bluices of masonry are often fitted to bunds to irrigate the lands to the
rear. It is better, however, not to fix them until the earthwork has prov-
ed itself firm.

334, Improvement of Rivers.—In forming plans for the Improvement*
of Rivers, the following are the objects generally to be kept in view; 1st, :
The means to be taken to protcet the banks from the action of the cur- !

rent; 2nd, The means to prevent inundations of the surrounding country; |
3rd, The removal of bars, clbows, and other natural obstructions to navi-
gation; 4th, The means to be resorted to for obtaining a suitable depth
of water for boats, of a proper Lounage, for the trade of the river.

1. To protect the banks either artificial means must be resorted to, to
divert the action of the current along the shore, or the banks themselves
must be artificially protected. The latter plan can only be used when the
banks are high, and not liable 1o inundation and the soil of not too loose a
texture. If they are perpendicalar, they should be cut down to a gentle
slope and defended by a rcvetment of turl, stone, &ec., by sowing grass
geed, or by planting low jungle or aqguatic plants,

In Flanders and I.lland, when a bank is to be protected, if the erosion
take place abore the ordinary water line, and the natural slope of the
ground below such as to support the weight of the bank, fascines are laid
in horizontal courses and bound together by stakes running into the bank.
When the bauk is eroded delow the ordinary water line, the course adopted
is to form o species of raft of gabions strongly tied together and fixed inlo
the banks by stakes, with their ends projecting into the stream. Other
gabions ue placed on these in a direction parallel to the bank, and fascines
alternately crossing one another .in the body of the raft, are laid upon this
grating. The whole structure is firnly bound together and sunk by being
loaded with stones or bags of earth. Large hollows in the bank are filled
with panniers loaded with gravel.

It is evident that the expense of the above methods must preclude their
adoption for any great length of shore in general. The set of the water-
8gainst a bank can.however often be altered by constructing fixed or.
floating spurs running out from the shore which deflect the current to
the opposite side.
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These spurs may consist of two or three rows of piles, the interval, being
filled with brushwood, yvhich' stand well against the stream, and by check-’
ing it and cansing & deposit of silt, gradually effect their purpose. Itis
calculated that snch a spur will defend seven times its own perpendicular
length from the shore, viz., four times its length below and three times
above. For economy of construction, therefore, the more perpendicularly
such spurs are run out from the bank the better, but as the force of the
water is often so great, that if placed perpendicularly to the thread of the
stream, they would never be able to stand, and as the effects of the back-
water at the root of the spur are also very great, I have found that an

inclination of about 45° should, in general, be given to them. A system

of spurs should be so arranged, that the next one is put where the first
one ceases to act, and: the tops should in all cases be well above the surface
of the water, so that the surface velocity may be checked as well as the
under current. If the object is merely to protect the shore it is better to
use a greater number of short spurs than smaller number of long ones
where the breadth of the current is considerable: it is evidently useless<Q
to run the spur into the slack water beyond the current. If the object,
however, is to deflect the current to a considerable distance from the shore,
80 as to alter the set of the river, then long spurs must be used.

855, The following is a description of the brushwood spurs constructed
between 1855-58, to defend the Cuttack Revetment Wall from the action

of the Mahanuddee river :—

In 1856 a hrushwood spur was constructed, the result of which was a two-fold one.
Further m]t.mg up of the hollows nnder the revetment wall took plnce, and the line
of deep channel of the river was diverted from a course dead on the revetment wall
to a very favorable one, parallel to it. The spur consisted of a double row of piles
driven 8 fect, apart from centre to centre, and a width of 8 feet between the rows.
These piles averaged 15 feet long and 8 inches in diametor at the head. They
were driven 7 feet into the sandy bed, apd according as a length of two or three
hundred feet was completed, the space between ghe rows was filled up for a height of
6 feet, with fascines of brushwood, firmly packed and trodden down. The top was
then tightly bound down by coir ropes, erossed from pile to pile, and the whole was
thus rendered very firm and secure. There was no attempt made to weigh down the
fascines with stones, as it ‘would have been too expensive, and the resnlt proves that
this was not required, for, whon the water rose over the spur, none of the brushwood
bundles showed any inclination to rise, float away, or resist being confined within the
original space allotted to them.

In 1858 a second brushwood spur, was constructed by Mr. Armstrong, C.E. It
was 1,928 feet long, and constructed similar to the one in 1856. This spur cost 5
annas per foot run ; the one of 1856 cost 8 annas per foot; the difference is owing
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in part to the fact that the last built spur was erected during the dry weather, while
that of 1856 was constrncted in water. ‘The great saving however was effected in the
pile driving. The engine formerly used could only drive 24 piles per diem, with 16
men ; the light ringing engine used for the second spur required ounly 12 men, and
drove on an average 50 piles. ‘To assist the action of this spur, brushwood dams
were run across the deep pools in the river, at various distunces, from 100 to 200 feet
apart, according to the depth of the water or the state of the revetment’s foundation.
These dams were formed of three or four fascines, in the centre were placed one or
two stones, according to their size, and the fascines tied firmly round them with
three coir ropes, one at each cnd and one in the middle; these bundles were abont
5 feet long and 2 feet in diamcter in the centre, and at the end 12 inches or so.
These works were quite successful in their object.

836, Where stone is available at a cheap rate it is generally the best
material for these works, especially when the depth of piling is great, as
timber piles of any length are often very dear. The following practical
hints on such works will be found useful.

For works in depths of over 24 fathoms, use the largest stone available;:
small stone, used merely to fill up the interstices between large ones, being
useless—wasted in fact. The base of the spur may be laid out a few feet
more than double the height; the stones will stand well at slopes of 1 to
1, and there is no necessity for more than a few feet in width at top. In:
depths of from one up to two and a half fathoms, use ordinary guide and
sheet-piling, like the gides of a common cofferdam, with a line of brush-
wood about 6 feet wide and 2 fect deep sunk on either side, to prevent
washing about the feet of the piles. In depths of less than one fathom,
two rows of jungle-wood piles, driven at distances of about 3 feet apart
each way, the space betwecn being filled in with brush-wood secured down
with clay, or stones, &c.

As the depth of water in which the large spurs must be built is often
considerable, it will be necessary to adopt cvery available means which may
be likely to economize material ; the following plan has often been found
to effect a great saving. The spur should at first be laid out only large
enough to allow of its being carried up to the level of low water; as it will’
generally be found that, when the stone-work is carried up to this level, a
shoal will be formed on one side, or perhaps, on both sides of it. When
the shoal is completely formed to the level of the spur, a line can be set
out on the shoal and old spur, of dimensions sufficient to allot of its being
carried up to half-tide level. Half-tide level will generally be found high
enough to carry the stone-work; but if, when the shoal forms up to this
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level, more be found necessary, another can be laid to be carried up to
ordinary high-water. By proceeding in this way, & very great saving may
be effected if the scheme be successful; while, if it fail, that is, if silt do
not accumulate as the work proceeds, the worst that can happen is, that
the spur must be carried up as it would have been if the attempt had not
been made.

When building in currents, the site of the spur should be covered
completely over with about a foot deep of small stones, or very coarse
gravel, before any part of the work be carried up more than a few
feet in height. This precaution is necessary whatever kind of spur be
used : if it is not attended to, the current, which always runs round the
spur-head, will deepen the site of it as the work proceeds, so that a work
which was intended to have been in 10 feet of water may be really carried
out in 20. The deepening goes on gradually and almost imperceptibly :
but the loss of material caused by it is often very great. In the case of
small pile and brush-wood spurs the piles may be all driven first, and then
o thin layer of brush-wood put over the bottom, before any part of the
body be raised.

857, Floating breakwaters, consisting of an arrangement of logs made
more buoyant if necessary, with casks, are also recommended for deepening
the channel of a river, protecting a shore from inundation, or removing a
eand bank. If these floating logs are moored on the edges of the navigable
channel, athwart the stream, the current would be thrown more into the
bed or middle of the river (fromthe corner where the logs are supposed
to be fixed), till it is opposed by the next log fixed at the next corner;
whence, again, a new and improved direction of the current may be given;
by thus working at the different corners where the stream has a set on the
shore, and is tending to increase the elbow already formed—and remember-
ing always, that the angle of incidence is equal the angle of reflection, which
will determine the inclination of the logs, a considerable effect may be
gradually produced by the bulk of the water being impelled into the mid-
dle of the channel.

If the connected logs, are, 'instead of being placed athwart the stream,
8o sitnated as to keep back the water contained in its channel, and are
kept at command by having chains at one end secured to the bank, and
at the other end so fixed as to maintain the logs directly across the current,
and if this be done on both sides of the river, there will be a rush of water
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between the ends most distant from the banks, which will constantly act in
despening the passage in the middlo, and generally along the bottom.
‘Wherever shallows occur, this method would be applicable.

In this way floating spurs can be fixed, being moveable as on a pivot at
their shore onds. These logs should always be moveable, so that their
inclinations may be altered as the set of the stream gradually changes, and
that they can be removed during flood time. Their depths and breadths
must be proportioned to the power of the river.

358, 2. To prevent Inundations, either the set of the river must be-
sltered, or Embanking must be resorted to, or a free'er outlet must be
afforded to the flooding waters in their course down stream. To effect ‘!
the first the meaus alrendy described may be resorted to, the attenpts !
being continued with perseverance through several successive seasons. ]‘
The second has been already treated of.

The third remedy is often applied by straightening the bends-of a river,
so as to increase the fall, and, therefore, the velocity of the stream, but
the system is now generally condemmed, unless it can be carried out
down the whole course of a river. For the effect of straightening any
particular bend by a cut-off, is simply to save the land above at the
expense of that below, the flood waters being thrown into the river below
the cut-off more gnickly than they can be passed on, while nature revenges
itsell in the end by caving out the banks until the velocity of the stream
and resistance of the Lanks are again cqualized, or perhaps, by estab-
lishing another bend.  The greatest benefit to be given in this direction
would be by confining the exit of the water fo one channel throngh the .
delta, whercly the depth of water would be increased, bars at the mouth,/
swept away, and the flood waters above passed off.  Of conrse, such
an operation on the della would involve great expense and much Engi-
neering skill, but both rooney and skill would be expended in the right
direction.*

339, 3. The most common olstacles to Navigation in Indian Rivers‘
are rocks—kunkunr banks—sunken trees—and sand or mud banks. The
last are best removed by diverting the cnrrent of the river against them
by means of spurs as above described. Dredging may also be resorted to

® The Amazon, Which ‘dlao)mrges its waters by a mingle mouth, carries them 150 miles into the

nea, and effoctually prevents the formation of any bar. The moutha of a delta viver carry on the
silt & ghort distonce at & feablo rate, when it is met by the tide, and thrown up in the shape of bara,

voL, 11, 3«
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in particular cases, but it is generally very expensive and attacks the effect
and not the cause of the shoal. The works generslly employed for the
removal of these shoals in Indian Rivers are ealled bandels.
They consist of bamboos fixed at intervals in lines inclined to the stream
i —along these others are
tied longitudinally, on
which mats sre bung
facing the stream, the
rear being supported by
struts. In constructing
these, two points have to
be attendéed to. The piles
after being well shaken
into the sand shoull be
driven down with mallets,
and in placing the mats
a space shown at AB must be left between their lower edge and the bed
of the stream—the mats over-lapping one another.
The action of such a work is to collect the sand carried by the” stream
Fig. 2. and deposit it at the back of
the bandel. If the mats were
carried to the bottom this would
not be the case, and hence a
space is left for the water to pass
carrying the sand with it, and
which as a rule, cuts a deep
trench in front of the bandle,

as shown in Fig. 2.

The defects of this system are—1st, Its buoyancy ; 2nd, Its porousness;
and 3rd, Its limited application, due principally to the first defect. If the
materials were heavier, then it might be placed in deep water; but to retain
it for any length of time, even in the shalluwest parts of the stream, it is
necessary to have the piles constantly driven down, as they are always
liable to be washed up and figgted away.

The second defect, arising from the openness of the mats, is not so
detrimental as the former. A certain quantity of water passes through
them without being of the slightest use. On the contrary, its effect is
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eather injurious; for it increases the current at the back of the bandel,
and assists in carrying off the finer particles of sand, which would go
towards the accumulations in the rear. In some cases it is requisite to
stop the current altogether, under these circumstances the mats but very
imperfectly perform their intended office.

Bandels are generally arranged as shown in Fig. 8, which represents

Fig. 8. their position when first laid down. After they
have been in operation some little time, the sand
will commence to accumulate at the lower end and
will fill up as far as A. To meet this lengthening
of the channel, other lines of bandels have to be
added, and continued as far as the filling up
extends.

360. The following improvement on the com-
mon native bandel has been tried with success by
Mr. Longmore, on the Ganges and Bhagiruttee
rivers, The construction is fully shown in Fig. 4.

These groins were formed by & number of piers,
triangular in shape, placed at intervals and tied firmly together.

Each pier was constructed thus—3 piles were driven to form’as near as

poseible an equilateral triangle; over these a triangular curb, crossed with
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small hamboos, to form a sort of gridiron, wes dropped and forced to
the bottom, _

The upper part was then tied to form a trisngle similar to the lower, and
piles were driven at intervals along all these sides and the interior filled with
sand bags, muade of .mats rulled into a cylindrical shape and well rammed.
After this the mats were applied, mensuring 20 feet x 8 .inches, made by
tying the small mats on to a framework of bawboos. Assoon as one side
of the frame was fastened to the piers, the boats carrying them were with-
drawn, and the foree of the current carricd it close in; often with such
force as to make the whole groin creak and bend again. To prevew the
escape of any of the sand bags, the lower curb was fastened to the top one -
with stout string.

Fig. 5.

The triangular shape of the piers was found advantrgeous. The wa-
ter roshing through the opening between the piers spreads out on either
sile, cuts away the sand and tends to tilt the pier over—this is coun-
teracted liy the struts, aud its connection with the other portions of the
work—the sand under and in {ront is then cut away, and the pier sinks;
in some cases inclined forwards, in others to tho rear, but generally ver-
tically, depositing a great mass of sand behind (see Fig. 5). In a depth
of 12 feet, 10 feet have been shoaled up in the course of a couple of days,
extending in one line for a distance of 150 yards, and at least 15 feet broad.

All the coarser sand is deposited at A—the finer is carried and deposited
in the direction of B. » ,

861, It is impossible to lay down any rule or number of rules, that
ehall be applicable to all the various phenomena of the river,—for fixing
the sites of such works, Each reach of the river requires different treat-
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ment at different periods of the same scason, and in each year invariably o,
In laying down any privciple for guidance, the chances are that the phy-
sical characteristigs on which it is based, may not be fully recognised, and
it will therefore be a failure.

The contour of the banks may le safely taken for gnidance when the
river is high. The despest and strongest current will run along its concave
side, from whenee the bad will gradually slope ap, formin g « sand b. nk or
ghoal on its convex side.  And a rhoal generally exists ranning ol 'quely
across the river, from the point where the current passes, and frem one
bank to the other. Dut when the river is low, the banks afford very little
indication where the current is deepest and strongest.

Before deciding upon any line of action, it is very necessary to take

Fig. 6. soundings regularly, to ascertain any change

e ﬁl that may be taling place in the bed of the
N ' stream, and to what part it is likely to tend.

/ )’”’ s In case it has to be diverted from one direction

s

/
k\. i to another, it is hest to work in curves as much
\J as possihle, that the water may lose but little of
its initia] velocity ; but where the channel can
\ / be made straight and preserved so, it should be

JALLudBOTTH2
$3INVYD

/
I
\ : ' carried out acecrdingly. For diverting the main
' stream of the Garg:s, curved groins, arranged
as in the figure, have been found {o answer exceedingly well.,
It is often difficult to determine the eflect & proposed groin may have
when there are & number of channels and carrents.  This will be shown on
Fig. 7. reference to Fig. 7. A strong current runs down B to
A, passes and divides into two currents D, E. A groin
« at A, it might be supposed would divert more down to
E: it may however have a coutrary eftect, for the current
at A finding itself arrested would turn off in the direc-
tion C and form a curve to IY, a d.rection less favorable
for the current down E. Then it might be urged that
closing D would answer this end. Even this is prob-
lematical. For the drggr on the current down B, which
must be kept deep, would be slackened, and it would
tend to silt up, except it was closed long before the river reached its
lowest.




438 RIVER INUNDATIONS—RIVER IMPROVEMENTS.

In deepening a shoal the two nearest and deepest portions of the upper
and lower reaches should be connected, even though somewhat oblique to
Fig. 8. the current, when the quantity of sand to be carried
off is less than where the current is more direct.
For, apart from the greater quantity of sand to be
removed and the tent ncy of the stream to economise
its own foree, it will be found, that the relative levels
in the two reaches are different (see Fig. 8). A will
be lower than B, and for this reason, that in A, there
is nothing to back up the stream higher than E;
whereas in B, it is backed up from D, causing a head
of water there which is all employed in forcing itself
and its sand down to E. The difference of level is
only apparent when the stream has nearly reached its
lowest point. Bandels arranged at C, before it has
reached this, would aid in opening a channel, and be ready for the lowest
state of the river when a current would set through it, and to assist which
the bank at D should be shoaled up.

862, The chief defect in the native bandel—its buoyancy—has already
been noticed. Lo remedy this, it has been proposed to use wrought-iron
sheets instead of mats, retaining the bamboo piles Fig. 6.
end struts. The weight of the sheets would keep
these in their position and prevent their being washed
away. In addition to which, being impervious to
water, their action would be more complete, and fur-
ther would afford the means of cutting off a shallow
current entirely, which is often very desirable, but
with the old bandel quite impossible,

For deep water, a larger bandel has been suggested,
made principally of iron, see Fig. 9, which shows the
junction of the strut and pile, both made of angle
iron; the facing might be of mats asusual. It would
probably act very well and be quite sufficient for all
the more important works and the common bandel, when improved, as
suggested, would be found amply sufficient for minor works.

The expense would not be greater than the present system ; as one line
would be as effective as three ordinary ones, and though the first cost
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would be a little more, still in mats and bamboos there would be a great
saving, without taking into comsideration the immense amount of labor
that would be saved, both in construction and in keeping down, or in at-
tempting to keep down, the old style of bandel; and which, in spite of all
precautions, causes great loss by being washied away.
863, The following simple dredge has been proposed by Mr. Longmore,
Fig. 10. for opening a channel through
\ shoals when bandels had already
A been constructed. A simple ap-
paratus, to be worked by hand,

-':“c \,, A is all that is necessary; 5 or 6
S~—\ feet is all it wonld have to work
W e in, and that principally at the
) ¢ © upper end of the channel, when

the curient being (slacker there

-——_—.__\j;—_ —

would be the most need for it.
A—Tile for keeping buat steady.

B—Scoup.
" —Rope for raising scoop.
D—Auchor.

E—futform on which to throw the stuff.
FF—Beams tying sides of hoat.

G—Platform for men to work the scoops.

Rakiug up the sand, by drawing a ‘“burrow” through it to be carried
off by the stream, has becn tried, but found not to answer. This would be
very effective in clay, or clay and sand, but in sand alone, lying for some
distance along a shallow channel, its action would be very limited.

864, Sunken trees are generally removed by blasting, and the follow-
ing account of work of this kind as actually carried out on the Gogra
river, in Oudh, by Licut. Carroll, R.E., will give all needful details, and
be found useful by those undertaking similar work :—

1t is nccessary, in the first place, to describe the general features which
produce the difficulty of removing a suuken tree. The current of the
Gogra flows in many places 24 miles an hour, or 3:6 fect a second.  This
speed is quite common round the cdges of a kunkur rock, or between the
branches of a sunken tree; in many such places it is much higher than
this, and as the pressure of the current is proportional to the square of the
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velocity, the difficalty of working boats, or placing charges of gunpowder
may be considered lo increase in the same ratio. The trecs are found
sometimes wholly, sometimes partisily, immersed in the channcl, or they
are fonnd partly or wholly buried in the sands, and only creating danger
in the raing, when the floods rise over their branches and hide them ; or
they are found thrown np on the sands and not imbedded, or lying fullen
on the banks ready to bo swopt in at ihe next floods; but wherever they
are found, they offer & very indifferent mark for the action of gunpowder.
The roundness of the branches and their small surface compared with their
strength, the tonghness of the rvots, and the massivencss of the stem,
combine to make the 1emoval of a lurge tree a tedious and difficult matter.
It presents no large and weak swiface like the hull of a sunken ship, and
it lies usually in shallower waler which offers less resistance as tamping to
the charge.  When broken up, the pieces, often of great weight have to
be dragged in and lifted up upon the high main bank, to prevent their be-
ing again carried into the river during floods, and becoming fresh obstacles.
The above description applios to the largest class of trees, of which many
have been found witl. stems 10 feet and more in diameter. The removal
of a small tree i8 of course proportionally easier.

The means employed for the blasting of trees last year, in the absence
of better ones, were charges of from 25 to 30 Mhs. of gunpowder, contained
in tin cylinders, and fired Ly imeans of tin tabes rammed with fuze composi-
tion, aud attached to the cylinders by a water-proof joiut. The ¢ylmders
were provided with loops of 10n-wire projecting from the side, by means
of which they could be lowered imto the selected spot, by shdmg them down
bamboos, previously diiven in aud stayed against the bianchos of the tree,
This method of placug the charge las been retained, as it is found that no
moderate weight attached to the (ylinders wall retain tham in their pluces
in a strong currcut, and because 1 many places a diver cannot be safely
gent down to place the chages,

863, The mode of fising by fuze tubes was abandoned as soon as
pessible; it was very inconvenient at any time, and the tubes were liable to
break; they were also very uncertain in depths even of 6 feet, and they
oould not be employed at ull in cunsiderable depths.

Another method of firing charges employed last year, and in the present,
has been found very effective and,—granted that the cylinder and tube
have been properly tested,—it is perhaps the most certain of all, Instead
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of the thin tin tubes above described, & tube of about three-fourth inch
diameter is employed, and soldered into the cylinder near one edge. A
thin bamboo lashed to the cylinder and tube secures the latter from being
injured, and the cylinder and tube thus prepared and tested can be stored
in the magazines ready for use. The testing is done simply by filling the
cylinder with water, through the tube, till the latter is full to the top. If
the cylinder will stand the pressure of & 10 feet head of water thus applied
without leakage, it will bear to be immersed (when filled with the charge)
to a depth of 15 feet, or if very tightly filled, to a depth of 20 feet. The
charges thus prepared may be placed, as before described, by sliding them
down on bamboos into the chosen spot. The firing is effected in the
following way, which I believe to be novel. Into the top of the tube,
which projects above water, is fixed a fuze which is rammed in a tin tube
9 inches long and of a slightly conical shape. The composition of the fuze
contains near its head a pellet of iron of about half the diameter of the
lower end of the tube. The burning of the fuze makes the pellet red-hot;
it is prevented from blowing out upwards by two cross wires, and con-
sequently when the fuze hus burnt out, the pellet drops through the tube,
and ignites the gunpowder. A large number of charges have been fired
in this way, and no failure has ever occurred through the pellet’s not fall-
ing or not being hot enough. Charges thus prepared have been uged in
from 15 to 20 feet of water, and it is manifest that with flexible tubing,
such as block tin gas-pipe, that they might be employed in much greater
depths and with some advantage where time did not admit of tho construc-
tion of a galvanic battery. The fuzes should be rammed with ordinary fuze
composition, which is & mixture of—

Ib. oz.
Saltpetre, . . . . . 8 4
Sulphur, . . . . . 1 0
Moealed powder, . . . 2 12

and care should be taken that the pellet is always considerably smaller than
the tube it has to fall through, and that it is not angular in shape.

868, The Magnetic Battery has also been employed this year with suc-
cess, and though the mode of using it and the construction of the fuzes are
amply detailed in Messrs. Wheatstone and Abel's Report on the subject
in Volume X. of the Professional Papers, Royal Engineers, part may be
repeated here in order to render the aooount of the rough but effective

fuze here employed more distinct.
VOL. 11 8 u
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The ordinary fuze consists of a wooden plug carrying a gutta-percha core
nserted throngh its axis, and containing two fine copper wires insulated
from each other. The core projects three-fourths of an inch from the lower
extremity of the plug, and its end is cut off clearly, so as to expose the
extremities of the wire, which are one-sixteenth of an inch apart. The
upper ends of these insulated wires are separated from each other, and put
into connection with two small copper tubes or eyes, which are fixed cross-
ways in the head of the plug. These eycs are intended for the reception
of the main wires of the battery, and the current in passing has to flow by
the insulated wires contained in the core of the fuze, and to leap the inter-
val of one-sixtcenth of an inch which separates them. To enable it to do
this, the exposed ends of the wires are covered with an explosive composi-
tion of feeble conducting power, consisting of an intimate mixture of the
following ingredients :—

Sub-phosphide of copper, . . . 10 parts
Sub-sulphide » . . . 45
Chlorate of potassa, . . . 5,

About a grain of this composition is inserted into a small cap of metal foil
which is twisted on the end of the gutta-percha’s core; and the Lursting
charge is contained in a tin tube of a few inches in length, which is fitted
on to the end of the fuze plug, and corked at its lower extremity.

When the fuze is about to be used, and has been prepared in the man-
ner described, the end of the wire which leads from the battery is pressed
into one of the copper eyes, and another shorter wirc is pressed into the
other eye, and its upper extremity put into connection with the outer sur-
face of the vesscl containing the charge, if it be of metal or with a metal
plate attached to it; if it be of wood, the circuit through the fuze and main
wire is completed by the water between the surface of the cylinder (or the
metal plate), and a metal plate attached by e short wire to one of the poles
of the battery, and immersed in the water. The neck of the cylinder
through which the fuze has been inserted is of course stopped with a water-
tight plug. The charge being thus prepared and placed, the boat contain-
ing the magnetic battery is withdrawn to a convenient distance, and the
charge is fired by a smart turn of the handle of the battery, which, by
causing the armatures of the magnets to rotate before their poles, produces
the succession of induction current necessary for ignition. The main wire
leading from the battery must be carefully insulated from the water, and
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the connection of the return wires with the water carefully made. The
other connections with fuze and battery need not be made with as much
carc as when working with the galvanic battery, for, here we have to deal
with electricity of higher tension than is produced by any galvanic battery
of moderate power.

867, This description of the fuze and its use, all of which may be found
in greater detail in Messrs. Wheatstonce and Abel's Report, above referred
to, will enable me to dispose of the rough, but effective fuze, here employed
in a few words. In place of the wooden plug, a cork is employed, which
does the donble duty of holding the gutta-percha core and of corking the
cylinder. The core ijtself, instead of the carefully manufactured article
above described, may be simply made by taking two picces, each a few
inches long, of single insulated copper wire cut from the coil employed as
main wire, cleaning them for about half their length, and fuzing them
together by passing a hot iron over the gutta-percha with which they are
covered. They are then pressed together till the ends of the wires are one-
sixteenth of an inch apart. A shorter interval may be employed with
advantage, say one-twenty-fifth of an inch. This core is passed through
the cork, and the portion of the fuze wires which have been cleaned and
exposed, project above it for the purpose of making connections. One of
these, supposing the fuze to be primed and placed in the cylinder, is bent
over and put into conneetion with the metal of the cylinder generally by
folding it up with a little slip of tin projecting from the neck ; the other is
put in conneetion with the main wire of the battery.

The priming of the fuze is previously cffected by cleaning the inner end
of the ;ore, wrapping a small paper cariridge round it, inserting a grain of
the magnet fuze composition and filling the rest of the cartridge with meal-
ed powder slightly ramnmed, to prevent it and the fuze composition from
separating from the end of the wires. The end of the cartridge nay be
plugged with wax. This small cartridge is quite sufficient as a bursting
charge for 50 . charges; but for larger charges, a larger one would be
preferable, and could be tied round the cork, which would then be passed
altogether into the charge, and other arrangements made for corking the
cylinder.

A water-proof substance must always be employed to cover the top of
the cork, and protect the connection of the main wire with the fuze which
is just outside it, from the water. The substance here cmployed is that
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called Kitt composition; ii consists of & mixture of the following ingredi-
ents, slowly heated together : —

. Ba, 0z.

B, .. .o L 1 & ou

Bees’ 'wa.x, . . . 6 14

- Tallow, . 1 14

In warm weather it should be kept cool in water, or it becomes too soft to
use with convenience; in other respects it is perhaps the best and most
flexible water-proofing that can be employed—an important point where
any fuze or wire leading from the cylinder is liable to flexure or vibration.

The only precautions that are necessary to be taken with these fuzes, be-
yond the perfect insulation of the main wire from the water, are that its
connection, which is just outside the cork, should be kept out of contact
with the surface of the cylinder, and that the cylinder itself should not be
washed over with any water-proofing which would insulate it from the
water and check the return current. The main wire should also be tied to
the cylinder, s0 as to prevent any strain coming on the fuze or its connec-
tions.,

The percentage of failures with these fuzes has been exceeding small.
Out of 60 charges lately fired in depths of from 8 to 20 feet of water, and
varying in amount from 50 to 450 Hs., there have been only two failures;
and these were:due probably to defective insulation of the main wire and
not to the fuze.

868, Tho Magnetic Battery and insulated wire were obtained from the
Telegraph Department; the latter is copper of abont one-eighteenth inch
diameter, coated with gutta-percha. The battery is contained in a box
about 14 inches square and 9 inches high. Its great advantages over the
Galvanic battery are, that it requires the use of no liquids; it is always
ready for use; its power is constant; and it is more compact and less
lisbie to injury. The magnet fuze composition was prepared at Calcutta,
but as it may sometimes be impossible to procure it, it is important to know
a substitute. Mealed powder* when moistened to a certain extent is an
excellent one. The mode of preparing it is described in the Royal En-
gineers’ Professional Papers before referred to, but may be repeated here.
Dissolve chloride of calcium in alcohol till the solution is saturated ; steep
mealed powder in it till it has thoroughly imbibed the alecohol and with
it the chloride of calcium. Drythe mealed powder completely, and pre-

* Could not be depended on during the hot winds or very dry weather.—W. J. C.
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serve it so in & closely stoppered bottle. When required for use, s few
minutes exposure to the air will, by absorption, render the powder suffi-
ciently moist for use; this may be known by its showing a tendency to col-
lect together into small granules. It may then be used in precisely the
same manner as the sulphide of copper composition. Twelve or fourteen
trial fuzes have been fired with this composition in succession withont
failure, but it has not yet been employed in place of the magnet fuze com-
position ; the trial was considered to prove that it was sufficiently certain
for ordinary use. Mealed powder may also be moistened to the proper
degree for priming fuzes by simply folding a small quantity in thin cloth,
and breathing through it. It is apt, however, to dry too soon, and it is
not by any means certain of ignition. Nothing further need be said on
the subject of firing charges, but it may be added that the charges in com-
mon use are 25 and 50 1b. ones, contsined in tin cylinders. For use in
depths of 15 feet and less, these cylinders require no strenthening, but for
greater depths they should be strengthened with either stays or rings.

869, It will render this account more complete, to give a few instances
of the demolition of trees, out of the number that have been removed this
year.

In Decembgr, a large semul tree, lying 200 feet from the banks at a village called
Chupree, was removed by blasting. The depth of waler at the root, which lay up-
stremmn was 20 feot, and the current 2§ miles per hour. A number of separate
branches spread out under and above weter, and were demolished by separate charges
of 25 tu 50 s, of powder. The root and stem gave most difficulty ; the latter was
however broken by two successive charges and separated and dragged to shore by
crah-capstans. The root which spread out in irregnlar masses to a diamoter of 20
foct facing the current, resisted a great number of charges, and several cylinders were
broken on its projections ; others of the charges broke off portions, bat brought other
new ones up to the surface. The treo was finally demolished after the expenditure
of 850 Ibs. of powder. 1t would have been a manifest saving of time if a 400 Ib.
charge could have becn placed near the root, but the strength of the current, and the
shape of the root, rendered it impossible.* The crab-capstans employed were roughly
made, but have proved very serviceable. They are a convenient mode of obtaining
great power, and a fow carpenters and blacksmiths can make np one in a day or two.

In Febrnary, a large tree lying near the bank at the village of Tajpoor was
removed. The stem was a mass of wood of about 10 feet in diameter, and the same
in length, The branches were demolished in the ordinary way, but 50 . charges
had no effect on the stem. As its upper side projected above the surface of the water,

* Large boats could not safely be got into position in front of such a tree, and oven if they
could a cask large enough to contain 400 1hg. of puwder would offer such a surface to the cur-

rent as to be quite unmanageable ; in some positions a cask mey be sunk by another plan, des-
cribed further on. *
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it was ultimately-split up by small charges placed in holes bored in the wood, Here
also a charge of 800 or 400 Is., if cffective, would have saved time ; but neither was
there o good position for one, nor do I believe that it would have had any further
cffect than to throw the stem a short distanco to one side or other, as the wood was
perfectly sonnd, and of great strength.

Near the samo placo a large trec lying half on the bank and half in.water was
demolished by & 200 M. charge, followed by a few small ones. The charge was
placed in a cask under a hollow of the tree and in the water ; the timber directly
over the charge was about 12 fect thick, and embruced a palm tree that had grown
with it. The timber around it was completely shattered by the explosion, but the
palm itsclf was unhurt, Here the good efleet of the charge was dpe to the timber
being rather decayed, and to the good position in which it was placed.

In Fcbruary, two trees, cach 9 or 10 feet in diameter, were removed from the river
at the village of Belthfah, The water was too shallow for the usc of large charges.
On onc of them a few 25 to 50 Ib. charges were first employed, and the stem wag
lifted out of the sand so as partly to project above water ; it was then split mp by
small blusts placed in the wood, and its demolition completed with 25 and 50 ih.
charges. The other trce was removed in the same manner, and in both cuses the
fragments, which were large, were dragged out by three capstans working together,
and hanled up the main bank by an English gyn. Attempts made at the same place
to remove a sunken banyan tree were nnsnceessful.  The roots resisted several small
charges, and ultimately a charge of 165 lbs., and a force of 10 tons applicd by meuns
of capstans and cables, had no cffect in tearing them asunder.

In February, a large trce lying on tho sands above the water level was demolished
by means of two 25 Ih. charges, fired simultaneously in the following manner : —
From the main wire of the battery, a branch was led to each charge, af as the cylin-
ders lay in dry sand, whereas a moist connection is nceessary to complete the return
circuit, the return wires of the fuzes were connected with metal rods driven down into
the sand till moisture was reached. To make the connection 1nore perfect, water was
poured over each cylinder and the sand round it. The battery wa~ 100 yards away
at the edge of the river. The roturn wire and plate were immersed in the water as
usual. Both charges ignited perfectly simultancously.

In March a large troe lying in deep water and a strong current at the village of
Tickyah, was partially removed. Here also two charges were fired simultancously,
but with little effect ; ultimately a charge of 450 Ibs. was sunk and fired in the
following manner :—A cask was preparcd and tarred, and two rings of hoop-iron
were nailed on its ends, so as to project from its gides and allow it to slide down a
rod. A bamboo 4 inches in diameter was driven in the best spot available, and the
cask was passed on to this by means of the rings ; it then stood floating on the water
in an upright position aud empty, but with the fuzes prepared and inserted. In this
case the indcpendent fuzes were employed, as it would have been a difficult matter to
recover the cask had one failed. The cask was filled and sunk in its place in a depth
of 20 feet, by weights ; the bamboo was securely stayed against the tree, and the
main wire being connccted with one of the fuzes, the boats were drawn away, and the
charge fired.* The effect was not so good as might bavo been expectod ; some lower

* In this manner the drag of the current on tho cask was rendered harmless, and in spite of
it, the charge was sucoessfully sunk into its position under & perfect network of branches, in &
placa where lt‘wuuld have been quite impossible fo bring a ln‘ boat,
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branches were separated and the trec was thrown into an upright position, but the
stem was quite uninjured. The remaining operations require no notice.

A tree buried in the sand and liable to become dangerous on the shifting of the
channel, was attacked in the following manner :—Its position and size were first
nscertained with iron sonuding rods. The stem was found to be 8 fecet under the
sand, and 7 feet 9 inches under the water level. A good position being selected, an
iron tube 11 feet G inches long and 1 foot in diameter, was driven down beside it
to a depth of 11 fect by means of a ringing engine. The tube was then bored out
to a depth of 10 feet with a boring tool 10 inches in diameter, and provided with &
leather sand valve. A 50 1b. charge was passed down the tube to that dopth, and
the tube was drawn by a differential pulley hung to the »inging engine. The charge
was fired by means of a tin tube and pellet fuze but without much effect, It was
ncither large enongh, nor had it heen placed deep emongh. The tube should have
been driven 12 feet deep, and a 100 1b. charge placed at a lower level than the stem.
Time did not admit of repeating the operation, hut the more dangerous part of the
tree was removed by other means.

In this operation the Ringing engine was worked in the following way :—The ropo
atiached to the ram was passed down, and through a block at the rear of the engine
it was earried a long dislance to the rear, attached to a peg and worked alternately
by two parties, one of which took it np when the other dropped it, and the ram had
fallen. In this manmer nearly double the ordinary number of blows were delivered
in a minute, and the men were not fatigued to the usual extent ; but of course a
double worhing party was vecessary.

A large tree, lying in the sunds near a village called Gyaspoor, was removed by
small blasts fired in holes made by means of a lever drill,  This drill, which was
made up ont in camp, consisted of an iron frume, carrying a wheel 1 foot in diameter
aud working on a vertical axis, The frame was provided with keys for clamping it
on a square iron-rod 5 feet long, and pointed at one end.  This rod could be readily
bammered iuto the stem of any tree it was required to bore, and the drill clamped to
it conld thus he 'wought Lo bear in any desired direction—vertical, sloping, or hori-
zontal—the axis of the wheel was pierced to carry a square iron-rod, in the lower end
of which the drifl bits were fixed. The upper end was pointed, and pressure was
applied to it by means of g lever clamped at any reguired height to the rod driven
into the tinbier.  The drill was driven from a 3-feet wheel placed in any convenient
position ; it was capable of horing 3-inch holes with moderate rapidity,

370. The following account of the removal of kun;ur banks, is by the
samo officer :—

The features that these rocks usually present have been alrcady describ-
ed, and it only remains to state the means that have been employed in
atiempts to remove them, The first trials were made last year on a small
rock of thin kunkur, lying in from 2 to 6 feet of water, and in a strong
carrent, The apparatus employed was a species of small cofferdam of a
portable character, consisting of an outer and inmer frame and sheeting,
and including between them 2 fect 6 inches thickness of sirong clay pud-
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dle. The space enclosed was & rectangle of 4 feet 6 inches by 8 feet 6
inches, the object being to dry a space sufficient for a miner to work in,
and drivo & shaft down through the kunkur, in which a large charge might
be placed and fired. The outer sheeting of the dam was supported by four
frames, rectangular in shape, and each 10 feet by 3 feet 6 inches high,
braced diagonally and made of 3} inches sdl scantlings. These frames
when bolted together at the angles formed a squarc enclosure, within which
the sheeting was put down vertically in 6 inch widths. The sheeting was
supported at the back by longitudinal pieces parallel to the top and bot-
tom rails of each frame, and 2} inches within them. These pieces could
be put in position after the frames had been bolted together.

The inner framing was constructed in the same manner, only smaller,
80 as to allow the space between the walls required for puddling. The sur-
face of the rock being very irregular and steep, it was necessary to put
down the the cofferdam in the following manner :—Two boats were anchor-
ed over the rocks, and the outer frames previously bolted together so as to
form & square enclosure, were let down into the water. A few pieces of
sheeting were then dropped in at the angles, and wedged when resting on
the rock. The position and stability of the frame being thus secured, tho
remaining sheeting and-the inner frame were rapidly put in, and the pud-
dling commenced. The attempt to dry the dem failed; it was found that
the substratum was sand, and the water came up through cracks with
which the surface of the kunkur was covered ; but there is no doubt that
this kind of dam could be used occasionally with advantage where the mater-
ial o be removed is solid rock or kunkur underlain with clay; it is very
portable, and could be put down and taken up much more rapidly than a
dam supported by any arrangement of jumpers driven into the rock.

871, The next attempt on the same rock was made with boring tools of
rough construction. A portion of the kunkur in 4 feet depth of water
having been broken up, an attempt was made to bore down, through the
substratum, with the object of placing a 50 or 60 I, charge at a depth of
6 feet, or thereabouts, below the kunkur. This attempt also failed from
the fact of the sandy substratum being too fluid to retain any-hole.

Trials were next made on a rock 80 feet long by 50 feet in width, and
partly above water ; the substratum in this case. being clay, the boring tools
proved quite effective. The operation of placing and firing the charges
ultimately took the following shape :—A 2-inch iron-bar was first driven
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down into the kunkur {0 a depth of 6 or 7 feet, and drawn ; into the hole
thus formed, a small charge of powder contained in a thin cylinder of tin
was inscrted to a depth of 6 feet and fired. 1t was found that this charge
by its explosion produced a narrow crater in the kunkur about 6 feet deep,
and after clearing the hole with a boring tool about 1 foot in diameter, a
50 B. charge was readily placed at a depth of G feet under the kunkur,
whether under or abowe water. It made little or no difference in the ra-
pidity of the operation wlcther the kunkur lay under or over water. The
hole having been tamped, the charge was fired with the pellet fuze,* pro-
ducing a crater of about 18 fedt in diameter, and 6 or 7 feet deep. In
this manner the rock was rajadily blown away to a depth of 6 feet under-
water, the whole uperation not lasting more than ten days, and had arrange-
ments been more perfect, this .ane would hawe been shortened very much.

372, In the begmng of the present season, attempts were again
made on hunkur wunderlam with sand, and under 3 feet of water. The
following method was now adopted-—DBoats were prepared with {raming,
and planks snffiaently strong to bear a heavy strain; they were anchiored
~er the rock wmith an interval of a fow feet between them, and lashed to-
gethat by ceross-ties A light triangle was crected on the boat, and from
it was first suspeuded a beam of wood, shod with a heavy cast-iron pile-
shoc. and slung from & julley. This was worked up and down hke the ram
of & Ringing cngme nll the suiface of the hunkur was completely broken
up over a small space.  On the spot thus broken up, an iron-tabe 11 fect 6
mches long and 1 foot in diameter, was now placed, and driven by a ram
slung from the trinngle, and worked as before deseribed. When driven to
a depth of 7 fect, it was bored out, and a charge of 50 Ibs. placed at a
depth of 6 feet under the kunkur. The tube was then drawn with a dif-
ferential pulley, and the boats being removed, the charge was fired by
means of Bickford's fuze, producing a crater 16 feet in diameter and 5 feet
deep. The operation occupied about 8 hours, but it was not repeated be-
cause the river was too high at the time to make it of any real advantage
cxcept as an experiment.

873, Since that time no operations have been undertuken against
kunkur rocks, except the following, which was also purely experimental.

The kunkur beds at Hurdce are the most extensive on the Gogra; they lieat
varfous depths, and scveral rochs jut above tho suitace, or arc just concealed by 1t

* This was one of the enalicsl operations, and no galvawc or magnotic battery was at hand,  «
VoL, I 3 u
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when the river is at its lowest level. But whatever their total extent may be, there

is no donbt that the removal of about 10,000 square, or 20,000 cubic, yards of the

. most prominent rocks would greatly improve the channel, 1t remuins to be seen then
to what extent the experiments that have beecn made justify ns in supposing that
this can be done within a reasonable time and at moderate cost. As in the previous
experiments, boats were moored over the rock ; this time in from 4 feet 6 inches to &
feet of water, and a current of more than 2 miles per hour. The other arrangements
ware the samo as before, but as the kunkur here lay to an indefinite depth, and partial-
ly mixed with clay; the tube before used was not necessaryr A 2-inch iron-bar was
driven straight down into the kunkar to a depth of 6 feet, and drawn by means of &
differential pulley assisted by block tackle worked from a capstan. The hole thus
made was slightly rymed out with an iron tool for the purpose, and a slender sél pile
was driven down, deepening and widening the hole to.a diameter of 8 inches ;* it was
rapidly withdrawn, and a charge of 8 1bs. contained in a tin cylinder was pressed down
into the hole to a depth of 8 fect. This was fired, and the hole produced, which was
a8 narrow at the mouth as at the bottom, was clcared ont with a boring tool 1 foot 7
inches in diameter and 16 feet lorlg ; into this a diver descended, and rcported that it
was about 2 feet in diameter the whole way down and 8 feet in depth, A charge of
60 Ihs. was all that was available at the time, and it failed through the breaking of
the cylinder ; but this fajlure in no way affects the principle ; moreover other char-
ges were fired successfully under the same rock, in the same manncr; but this in-

- stance is given, as it was the most successful one in the prodush of a large and deep
shaft, .

874, The centre of the above charge was at a depth of 7 feet 6 inches
under the surface of the kunkur, and with a further depth of 4 feet 6 inches
of water above it, Now, although we have no exact data for the influence of
this depth of water, we may presume that it will necessitate a considerable
increase of the charge in order 1o produce the same effect as in air.  The
charges ordinarily used to produce three lined craters in earth are calcula-
ted as Jth the cube of the Line of Least Resistance, whereas I propose here
to employ charges of 4rd cube of L. L. R. On this supposition, the quan-
tity of powder required at that depth to produce a three-lined crater would
be 140 hs; and we may, perhaps, calculate that on an average, charges of
150 Tbs. would produce craters of 20 feet in diameter; where the water
was deep, they would, perhaps, produce less than this; where shallow, more.
Part of the débris from such craters would generally lie about the edges,
part would be blown to a considerable distance, and part would fall back
into the crater where it would be harmless, being at a considerable depth
under the surface. On the débris which lay round the hole, the current
would act powerfully, separating the clay and reducing its bulk to less than

® In loose kunkur of this description a wooden pile will act effectually aa & wedge to widen a bole
already formed, but it cannot be driven in the first instance even if shod with iron,
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half the original; the nodules of kunkur themselves would be carried away
in the floods, or even if they remained they would be at a much greater
depth under water, and conld never bind agein into a surface as compact
ns the original. Thus it seems likely that, even were the blasting opera-
tions not assisted by dredging, the result would still be to break-up, disin-
tegrate, and reduce in bulk the whole rock, and leave the kunkur in sach
a condition as to be acted on by the succeeding floods, and to be gradually
carried away altogether.

823, Onsuch an extensive rock surface as that of Hurdee, it would be
easy to accommodate three or more working parties,*-—we may suppose
three,—and it is not too much to assume that, with the proper appliances,
each party would fire three charges in o day. Eight charges a day would
be a fair allowauce for the whole three parties, and supposing such charges
to be placed at two-lined intervals, or 14 feet apart, the whole number of
charges required to break up a surface of 10,000 square yards would be
462, the quantity of gunpowder about 70,000 Ts., and the number of days
in which it could bexdone 58; but allowing for unavoidable delays and oc-
casional bad weather, it would be well to caleulate on the operation lasting
three wonths, which is about the length of the season most favorable for
such work.

The cost of the operation may be roughly estimated as follows ;—

Working partics, ir;clnding crews of three pair of boats,
20 men each, at an average rate of wagesof Rs. 5,. ., 800

Three Lallas in chargo of boats, at Re. 13, . . . 45
Hire of additional boats for carriage of men and materiala
to and from shore, - . . . . . . . 100

Total . 455 monthly.

As experiment has not yet decided how far it would bo necessary to assist the ac-

tion of the churges by dredging away the débris into deep water, the hire of the three
boats, at Rs, 80 per month cach, will be added to the above :—

RS,

Brought forward, . .. 445
Hire of three boats for dredgmg at Rs 30 per month each, 90
Total . . 535

Total boat hire and labor for taree months, . . 1,605

The work would of course require the presence of an Engineer and a

* Ench pair of hoats would take up a considerable apace in ovder to keep the moorings clear of each
other.
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European Overseer, whose salaries however will not appear here. The
expenditare on materials would be trifing excopt that on vessels to contain
the charges. This expenditure could be reduced to 8 minimum by employ-
ing cither 100 or 200 Ib. charges, in either of which cases, the original
powder barrels would be placed in the mines, and no expense would be
incurred beyond that of making them water-proof.

If 150 ™. charges be employed, as here contemplated, {he cost of tin cylinders
should bo added to that of preparing the barrels, as it wonld be necessary to employ
for cach 150 Ib. charge, one 100 T, barrel, and one 50 f. cylinder.

RS,
Cost of preparing 462 harrels, at 8 annas each, .. 23
462 tin cyhnders, at Rs 1 each, . e 462

Total, . 693
Muaking a total expenditure during the progress of the
works of . .. B . . . 2,298

—

876, The first cost of preparations and of a stock would be as
follows :— ¢

The boats employed for boring and for placing the charges should be-
long to Government; but their cost would be a charge only against the
first operations, as the same Dboals would answer for all subsequent ones,
as well as for any of the ordinary works of the season. Allowing two
150-maund boats to each working party, at a cost of Rs. 1 per maund of
ionnage, tbe estiate would be as follows :—

$ix 150-mannd boats, at Ry, 150 each, . . . . 900
Decking and strengthening do., at Re. 50, . . . . 300
Totul . 1,200

PrLANT, 1s.

Six 2 feet diameter boring tools, at Rs. 50, B . 1]
Three triangles, at Rs, 50, . . . . . 130
Three differential pulleyy, at Rs. 100, . « .+« . 800
Three c1ab winches, at IRs, 100, . . . . . 3800
Mascellaneous, . . . . . . . . 130
Total . . 1,200

Grand tfotal first cost of boats and plant, . . . 2,400
Grand total cost of labor und materials, . . . 2,298

The above estimato for plant does not include jumpers, hammers, Ringing
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engines for driving the jumpers,* by which are here meant simply poinM
bars of iron, not steeled; blocks and some smaller stores, which in this
case happen to be in hand at present. Had thess to be included, they
would increase the estimate by about Rs. 400.

Taking the figures as they stand, and adding 10 per cent. to cover con-
tingencies and the wear and tear of tools and cordage :—

RS,
The total first eost of bonts and plant will be, .. 5040
The total cost of labor, boat-hire aud materials, . 2,528

—

These amounts represent the cost of the operations on a sunken rock, as
it would be charged against the sum appropriated for works, and it takes
no account of the cost of European supervision and of gunpowder, which
wonld not be so; but where the expenditure of gunpowder is so great, its
cost, if it entered the estimate would become by far the largest item. In
the foregoing estimate the cost has been worked out by calculating merely
from the extent of the surface of rock to be demolished, and it has been
tacitly assumed thawthe charges would in every case reduce the kankur to
a safe depth below the surface. This depth may, and has been assumed
as 6 feet, but every additional foot that could be obtained would be of value,
and be worth a proportionate increase of expenditure. TIn order to obtain
a clear depth of § feet in cvery case, it would, perhaps, be necessary to use
larger mines where the kuukar lay nearer the surface, and smaller where it
lay deeper. But it is thought that the average taken, namely, 150 Is. for
cach mine, is on the safe side of the truth.

377, The difficulty previously mentioned, namely, that of entirely disper-
sing the kunkur thrown up by the explosion of a charge, might be partially
obviated by using rather larger charges than those proposed, or by dredg-
ing, or by both methods. Is is & matter for experiment, as no sufficient
data for it exist at present; but it is suggested that it would be economi-
cal to work only on the deeper part of a reef according to this method; and
where cofferdams could be construeted, to employ them for the removal of
all rock within 2 feet 6 inches or 3 fect of the surface, as in such shallow
water they would be readily and cheaply constructed.  Cofferdams appear
to have been cmployed on the Ganges river works with a certain degree of

® The jumpers on all the rogks yot tried conld be hammered diroctly down through the kunkar,

which of course can be much botter doue with u Ringing engine than by hand, In tho case of block
kunkur it wonld be necesgary to work the jumper in the ordinary fashion,
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fi'mau, bat at an enormously greater cost than that here estimated; there
are nlso certain objections to their use, which cannot be gone into here,
and many of the rocks spoken of have a sandy substratum which would
not admit of their employment.

The above description and estimate will answer their purpose, if they be
copsidered to show the feasibility of removing kunkur rocks on a large
somle at a reasonable cost. On such a scale as here contemplated their
removal is—by the ordinary methods of blasting—hy no means & simple
Engineering problem, and an inspection of the rocks thenselves, with mas-
ses jutting up here and there and the current racing over sunken beds
between them, is not at all calculated to re-assure the Engineer, who has
not at the time decided on his means of nttack,

878, 4. Thoe means to be resorted to for obtaining a suitable depth of
water for navigation, are all comprived in the above paragraphs. The ex-
pensive system termed lock and dam navigation, often used both in America
and England, which consists in dividing the stream into several suitable
reaches or pools, by forming dums to keep the water in the pool at a con-
stant head, and by passing from one pool to another by locks at the ends
of the dams, could, it is evident, be rarely applicable to Indian streams.
Something in this direction might, however, be tricd on such a stream as
the Ravee, where the river is of a manageable size, and the results to be
obtained by its navigation are very important.
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ABUTMENTS, 91,
Affiux, BO.
Allababad bridge, 145,
Aunicuts, 327. 331,
Coleroon, 3238,
constrmetion of, 329,
for Upper India, 333.
Godavery. 332,
Wistna, 3300
Aqueduets, 207,
Arches 12,02,
setticmenti of, 102,
Asphalte, 21-92,

Baxpens, 359,
iron, 362
location of, 362,
Barce Loab cunal, falls on, 288, 291.
Buarracks, designing of, 50.
Nowshera, 51,
standmd, H1.
Barra bridee, 127.
Blasting, 199, 200.
Blocking course, 95.
Boat bridges, 73.
at Declhi, 74.
Rogey, 209.
Boriug, 4.
Bowstring girder, 123, 150.
Breakwaters, floating, 357.
Bridges, suspension, 150.
boat, 73.
design of, 86.
flying, 76.
iron, 128 to 153.
masonry, 87 to 103.
parts of, 87.
pontoon, 75.
rope, 71.

i Bridges, site of, 77.

1 stoue, 97.

temporary, 69 to 71.
waterway of, 79 to 85.
wooden, 101 to 127.

| Buttresses, 11.

CariNnguLAns, 338,
size of, 334,
Canber of bridge girders, 139.
Cast-ivron bridges, deflection of, 132.
wirders of, 133, 134.
roadway of. 133.
Catchwment basin, 85,

Colonel Dickens's formula for, 85.

Cant for curves, 226.

Canals, Bengal and Madras, 262.
alignient of, 275, 274,
branches of, 250,
bridges on, 281,
cost of, 321,
discharge of, 266, 270.
carthwork of, 277,
inundation, 263, 264.
Madras, 325.
ofiences on, 320.
profit of, 323.
revenue of, 322, 334.
slope of, 268, 269.
source of, 265. .
tail of, 279. ‘
tow-paths on, 282,
value of, 324.
velocity of, 270, 271.
width of, 267.

Canal chokees, 284.
dams, 298, 300 to 302.
distributaries, 307.
escapes, 306.



Caaal establishment, 319, 320,
falls, 285, 2815, 289, 290,
falls, Ogee pattern, 287.
locks, 293,
mills, 294,
rapids, 202.
regulators, 302, 304,
vertical fall, 288, 291,

Ceilings, 42.

Centerings, 98.
sandbox, 100, 101.
striking of, 09 to 102.

Chimneys, 15.

Churches, designing of, 50.

Church, Mean Meer, 61.
Attock, 51.

Cawnpore, 51.
Continuous girders, 144,
Corumboos, 326.

Culverts, 173.

Current, metre, 54.
velocity of, 79 to 84.

Carves, lining out of, 182 to 1n0,
on railways, 209.

DesiaNING, 45 to 50.
Dharwar bridges, 127,
Discharge of cunals, 2u6, 370,
Doorways, 5.

Doors, 41.

Dredge’s bridges, 150

Dredging, 365.

Eaer India Railway, 225,
Eastern Jumna canal, 309, 310, 311.
Estimate, 67, G8.
Estimating, 54 to 66.
Embankments, 349.

alignment of, 351.

construction of, 353.

section of, 352,

when necessary, 350,

Ferny boats, 72.
Fireplaces, 43.
Flag-stones, 17.
Floors, brick-on-edge, 16.
terrace, 18
wooden, 23.
Flues, 20.
Flying bridge, 76.

GaxaEs canal, cross sections of, 278.
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Janges canal, bridges, 103.
Dhunowree dam, 298.
falls on, 287.
head works, 303.
Khutowli escape, 308.
Solani ggueduct, 297.
Gauge of Yuilways, 229.
Girder bridges, 119 to 123.
Goomtee iron bridge, 149.
Gradients of roads, 100 to 164,
Gradient boards, 244
Great Indian Peninsular Railway, 247.

Hosp11at, Bombay, 51.

Horse ratlways, 253 to 255.
Hill roads, tracing of, 195, 197,
Hurrao bridge, 127.

INUNDATIONS, 348
prevention of, 353.

Inverts, 5.

Irrigation outlets, 310.
sluices, 340.
size of, 342.

Irrigation, for and dél, 312.

Iron bridges, joints of, 152.
arched bridges, 147.
arched, strength of, 14%.
bridges, material of, 120, 130.

‘ kinds of, 131.

piers, 153.

JUBBULLPORF 1a1lway, 225

Korapaus, 310.
Kucha voads, mistakes in, 156,
Kunkut banks, blasting of, 370 to 377.

Larrice givders, 122, 141, 142
Lag(ore and Peshawur road, blasting on,
200,
Level crossings, 221.
Locomotives, 232, 238, 235.
American, 234.
Punjab Railway, 236.
power of, 237, 238,
Lucknow and Fyzabad road, 180.

MaaNETIC battery, 366, 368.
Markunda bridge, 103.

Metalling of roads, 138, 181, 192, 193,
Mirzapore bridges, 101.




Morhur bridge, 101.
Monghyr tunnel, 218,

NaviaaTION, obstacles to, 359.

OckE fall, 287.

Oropholite, 34.
O’'Shaughnessy’s cement, 22,
Over bridges, 221,

PaRrargTs, 95.

Paving tiles, 17.

Paved causeways, 69.

Permanent way, 223 to 20
Bruuel's, 227.
Greave's, 227.
on curves, 226,
ordinary, 224.
Rutter’s, 225,
Sibley's, 228,

Piers, timber, 120.
foundations of, 88, 89.
iron, 153.
thickness of, 90.

Plinth, 5.

Pountoon bridges, 75,
bridge at Agra, 75.

Pont de I’Alma, 10).

Points, 230.

Private houses, designing of, 50.

Punkahs, 44.

Rarws, 225.

Railways, Indian, 203.
ballast of, 211, 212.
curves of, 209.
direction of, 205,
earthwork of, 210.
fencing of, 222,
gauge of, 229,
gradients of, 206, 208,

permanent way of, 223 to 230.

resistance on, 207,

staff of, 262.

width of, 214.

Railway tanks, 244.

carriages, 231,

chairs, 224.

returns, 245.

station, 51.

stations, 239.
»  Caleutta, 243,
»  Umnritsur, 242,

INDEX. -

Railway stations, dimensions of, 241,

signals, 260, 251.

sleepers, 224,

terminus, 240.

traffic, 248.
Rajbuhas, 307,

clearance of, 308.

cost of, 309,

on Eastern Jumna canal, 3089,

sections of, 308, 309.
Rajpootana rouds, 168a.

Rangoon eustom house, roof of, 39. .

Rapids on canals, 292.
Rivers, improvement of, 854.
Roads, origin of, 154,
construction of, 190 to 193.
cost, of, 174,
cross section of, 165.
direction of, 158, 159.
earthwork of, 172.
estimate of, 174,
fuirweather, 155,
gradients of, 160 to 164.
lining ont, 181 to 189.
longitndinal sections for, 171.

metalling of, 168, 191 to 193.

slopes of, 167.
survey of, 1G9, 170,
trees for, 166.
repair of, 194.
Roadway, 06,
Rollers for roads, 193,
Rolling stock, 231
Roof, kucha terrace, 24.
iron, 35 to 39.
planked, 33.
pucka terrace, 25, 32,
thatched, 30,
tiled, 27.
arched, 26.
Rope bridges, 71.
Roorkee girders, 36.
trusses, 38.

SAND-BANKS, removal of, 359.
Sangur suspension bridge, 151.
Shingles, 34.

Shoals, removal of, 359.

Sindh Railway, 246,

Slopes of roads, 167,

Soane causeway, 70.

Sohan bridge, 103.

Sypandrells, 93.

Specification, 53, 67.

i
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ecification, form of, 58 to 66.
for road repairs, 195.
Spurs, construction of, 354.
at Cuttack, 336.
stone, 350.
floating, 337.
&t Paul's Charch, Rome, & 9.

Sunken trees, vemoval of, 364 to 3G9.

Supsrpassaged, 299-

Suspension bridges, 150,

Satlej canal, superpastase for, 2J9.
Swamps, pasuge of, 100
Switches, 250.

TAwKs, irrigation, 335.
Chumbrumbaukum, 345.
construction of, 37,
for the Punjub {rontier, 344
for the Upper Provinees, 343.
Madray, 348,

Murwara, 316, 317

M sore, $iL.

slnices of, 340,

surplus water of, 336
waste weirs of, 338, 339.

Tateels, 314,

Terrace floors, 18.

Tiles, colored, 19.

Athin-on’s 29.
Goodwan's, 2%

Tinnevelley hridge, 103.

Tonse bridee, 146,

Pracing guadrant, 197.

Praftic on Bast Indian Railway, 219.

on roads, cost of, 176 to 179.
Trapezoidal truss, 118
Traversing platfors, 230.
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Tunnels, shafts of, 216.
cost of, 217.
levels of, 220.
lining out, 219.
Tunneling, 198, 215 to 220.
Turntables, 230.
Tubulat girders, 140.

Uxpri hridees, 221,
Upper storicd houses, 19.

VNt aTioN, 46,
Verandahs, 40.

Wanns, foundation of, 1 to 4.
thichness of, 7 to 10.

Wall-plates, 13.

Waler-rates, 313.

Water, measimement of, 314 to 317.

Water module, ltalan, 3135.
Canoll s, 316,
on Uange- canal, 317
raising machmes, 259.

Wanren's girder. 141

Well irrigzation, 257.

Wheel guards, 95, 96.

Windows, 11.

Wing-walls, 9%,

Wooden bricks, 14.

Wooden biidges, calenlations for, 104 to
126

Wrought-iron bridges, kinds of, 136.
gudors of, 137.
roddway of,#38,

ZILLAMDARS, 319.



GLOSSARY OF INDIAN TERMS USED IN TIIIS
TREATISE.

Anicut.—A weir built across a river to raise the level of the water for
irrigation purposes.

Anrni—A corper enin, value 132 —16 make a rupee.

Beldar— A digeer—a ¢ navvy.”

Deeqoah.— .\ local lanl measure, varving much iu difterent districts, but
nsually about three-fifths of an acre.

Dleestie.—.\ water-varrier.

7 foosa. —Chopped straw.

Bhutice—\ native kilu.

Budjerec.—A sort of gravel used in mortar.

Duryerhs—doists used 1w flat roofing.

llah or DBullee.— \ smadl tree, used as a seaffolding pole or as a pile.
Bund— An crabankment.
Cualingula.—— X\ waste: weir by which sarplus water is discharged from a
tank.

Chatty.-~A small earthen water-pot.

Chittack.—~Two ounces-——16 make a seer.

Chokut.—The ouler frame of a door or window.

Coolie.—A common laborer.

Chunam.—[ime cement.

Daghbel.—A nicking cut in the ground.

Deodar—(Cedrus deodara).—A valuable wood, used in the Punjab;
nearly the same as the Cedar of l.ebanon.

Dhoob.— A species of grass.

Dhenkey.—A lever worked hy a man’s weight, and used to draw water,
pound bricks, &ec.



vi GULUSSARY,

Doab.—A tract of country between two rivers.

Ghaut.—A mountain pass. * 2. A river landing place.

Ghooting.—A kind of lime.

Grammie.—A thatcher ; he also makes scaffolding.

Gunny.—Coarse sacking.

Jhama.—Vitrified brick.

Jham.—A peculiar tool used in well-sinkiug (see Vol. 1., p. 243).

Khureef ,usl),—The autumn crop; sugar, rice, &e.

Kunkur.—A peculiar form of limestone found in the plai 3 of Upper
India, just below the surface, consisting of rough, irregular, nodules. It
is used for road ieetalling, for burning into lime, for concrete and for
building.

Kucha.—Raw, unburnt, unfinished.

Kurrie.—A small beam aboui 3 inches square.

Lalh.—100,000.

Laterite—~A peculiar sandy clay, used extensively in Southern India for
building and road metalling.

Maund.—80 Ths.—28 make a ton.

Mistree.—A mester workman; Raj mistree, n master mason , Burhaee
mistree, a master carpenter; Lohkar mistree, a master blacksw.'th

Moorum.—A kind of soft rock, used in the Bombay Presidency tor me
talling roads.

Monsoon.—The rainy season,

Musgjid—A mosque.

Nand.—A large carthen water-vessel.

Neemchuk.—The wooden ring on which the masonry of a well is built.

Nullah—Nuddee.—A water-course, full in the rains but dry during the
greater part of the year.

Pujawah.—A nafive brick clamp.

Peela (bricks).—Bricks only half-burnt.

Pergunnah.—A sub-division of a Zillah or District.

Phowrah.—A large boe, the common substitute for the spade, used all
over India,

Pie.—~A copper coin, value half-a-farthing—8 make one pice, and ¢ pice
make an anna.

Pucka.—Burnt, completed.
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Pun-chukl ce.—The native water-wheel, used in Upper India for grind-
ing corn.
Lunsal.—A water gauge.
Punah—A frame of wood and cloth, suspended from the ceiling of a
room, and pulled by manuval labor, 1o serve ax a fan.
Leajbuhice— N minor water- course for lrrigation.
Rubbee (fusl)—The spring crop ; wheat, &c.
Rupec—N\ silver coin—worth about 2s.
Sl or Suvi ~A Shorca robustia)-—A strong tonsn wood, much used iu
building throughaut (he N W Provinces.
Sece =2 s — 10 make . manmd
Sovrd Counded brick, used to nux momortar,
Topr= - \vim. ot 4
Pown—, vt lie Toover ) — A wood e cmblng mahogany, and used

P saitla perposcs
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