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far from adequate to the wants of the country, form, never-
theless, a contribution of no mean proportions to that sum-
total of constructive energy, which cannot fail to leave the
English name for ever indelibly imprinted on the soil of India.

In the following pages it is attempted—it is feared very
imperfectly—to bring together, and rapidly sketch in as far as
possible untechnical language, and in a form suited to the
general reader, some of the more prominent and important
public works which have been carried out in India, either by
the direct or indirect agency of the Government of the country
since the British occupation; and in order that the unpro-
fessional reader may intelligently follow the necessarily very
condensed account of these works, a few observations on such
general principles of construction as may be needful have from
time to time been introduced. It has, at the same time, been
sought to convey an approximate idea of the enormous value
and extent of each of the separate classes of Indian Public
Works regarded as a whole.

It is obvious that such a work can only be of limited interest
to the ordinary English public—outside that numerous body
of persons, who in one manner or another have identified them-
selves with the progress and welfare of India—and none what-
ever to the professional engineer. To the former the subject
is too remote, and to the latter the manner of treatment will
be found insufficient. To the Indian engineer, although of no
practical professional value, the work may possibly supply, in a
convenient form, some historical or other data in connection
with public works of more or less interest or utility. To the
numerous body of general readers, both English and native in
India, it is believed that the present volume may afford some
useful and interesting information on subjects with which
they are partially familiar, and with which they are brought
into more or less frequent contact; and it is especially hoped
that its perusal by that already large and intelligent class of
natives of the country, which the spread of education has so
greatly developed, may create in them a wider and more
practical interest in what so intimately concerns the social and
industrial progress of the people, and that it may help to instil
a more cordial recognition and estimation, of the persevering
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have been of interest to have noted have been unintentionally
overlooked.

Although the volume deals primarily with important public
works of a distinctly constructional character, it has been
judged appropriate to devote a little space to an outline
description of the operations of the ¢ Great Indian Trigono-
metrical Survey,” which stands in the very foremost rank of
magnificent human labours. Achieved in the face of impedi-
ments, and difficulties, due not only to immense superficial
area, and physical obstructions, but also to the deadly effects
of a climate that only the strongest can withstand, this great
survey has been carried on and brought down to practical
completion with unflinching pertinacity and incredible zeal
over the long period of some eighty or ninety years, at a most
considerable cost to human life, and at a money expenditure
only commensurate with the great ends attained. To the
Government, as the principal landowner of the country, the
Topographical and Revenue Maps, based on the Great Trigono-
metrical Survey, and produced with so much careful accuracy
by the surveyors of India, provide the principal basis on
which the whole fiscal adminstration depends. The practical
engineer, furnished with so much accurate and valuable data
ready to his hand, can proceed to the elaboration and execution
of his projects with a certainty and celerity which he could
not otherwise attain, and numberless operations in other fields
of labour are immensely facilitated. No one acquainted with
the splendid series of maps of all classes issued to-day by the
Survey Departments of India can fail to acknowledge that
the vast operations by means of which these results have been
attained forms in itself & monument of which any nation may
be proud.

Owing to the almost complete absence of precise returns in
any accessible form, it has unfortunately not been possible to
outline in an adequate manner, either the early history or
present extent of the chief public roads of India, whether in the
case of those more important trunk thoroughfares of the first
class, which, carried over enormous stretches of country, are
metalled, and for the most part bridged throughout their entire
length, or those still more numerous roads of secondary import-
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freedom of action, and possibilities of activity in every direc-
tion, have been increased, and to what a surprising extent the
general lowering of the cost of production, since the introduc-
tion of railways, has developed and stimulated the industrial
resources and commercial prosperity of the country. Admitting
the considerable social and moral advancement of late years
due to education and the spread of Western habits of
thought, he cannot, at the same time, fail to perceive that the
extraordinary progress, the patent steady advance in the
average wealth and culture of the peoples of India, of which,
for the last thirty or forty years, he has been the witness, has
been originated and alone rendered possible, by the timely
introduction and practical application in India of those various
arts which have directed the great sources of power in Nature
to the use and convenience of man’—in other words, in conse-
quence of that enlightened policy of the English governors of
the country which—especially during the last thirty years
—in spite of financial difficulties and scares of all kinds, has
urged them to persevere in the projection, execution, and
extension over the length and breadth of India of great public
works of every class.

It is outside the scope of the present volume to touch, except
in the briefest manner, on the purely financial side of Indian
public works ; although it will be necessary, in order to repre-
sent the true magnitude and importance of many of these under-
takings, to exhibit an outline of the general, commercial, and
statistical results of their working. Those, and there are still
some, who object to the large annual State outlay of borrowed
money on works held to be reproductive, deny in the first place
their real remunerative character—plead the poverty and in-
ability of the country to pay for what thev regard as the
luxuries of civilisation, and maintain that the development of
the resources of the country is no sufficient warrant for their
construction by means of public loans, of which so very small a
percentage can be—or at least hitherto has been—raised in
India, and the interest on which, remitted by Indian tax-payers
to English creditors, constitutes so heavy—and in their opinion
so increasing, a burden on the country. No matter at what
immediate sacrifice, they believe in a strict adherence to English
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over, to an extent quite impossible to have been foreseen, most
severely accentuated the defects of the original bargain.

The actual financial position of Indian railways, as exhibited
in the latest Administration Report by the Director-General,
may be summed up as follows :—The total length of railways
open for public traffic on the 81st March 1892, was 17,564
miles, and extensions to the extent of 1697 miles were under
sanction, or in course of construction. The total capital
expenditure on all railways up to the end of the year 1891
amounted to nearly 227 millions sterling.

During the calendar year 1891 the gross earnings on all rail-
ways were £24,040,279, and the total working expenses were
£11,303,847, or 47-02 per cent., leaving as net earnings the sum
of £12,736,432, or 561 per cent. on the capital outlay.
Adding steamboat services and suspense accounts, the total
return on the capital expenditure on all open lines of railway
in the country is given as 576 per cent.

These figures represent the statistical results of working the
railways during the year 1891. The final financial results to
the State for the official year 1891-92 were only approximately
known, but show an apparent net loss on all railways, taken
together, of £384,450. The interest charges for the East
Indian, Eastern Bengal, and part of the North-West railways,
however, include annuities paid in England, which comprises a
contribution amounting to about £325,000 on account of sink-
ing funds, which will redeem the entire capital of these lines at
the expiry of the period for which the annuity is to run, so that
the net loss to the State during the year 1891 is given at the
approximate figure of £60,000.

It is shown also that if interest on lines under construction
were excluded from the above figures the results to the State
from the working of the entire Indian railway system for the
year 1891-92 would show a net gain of £190,000.

Referring to the various heads of loss, it is remarked that
‘the loss on guaranteed railways is mainly attributable to the
comparatively high rate at which the guaranteed interest has to
be paid. Under its contracts with guaranteed railway com-
panies the State has to pay interest at the guaranteed rates until
the contracts terminate, and it is consequently unable to obtain
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single large monopoly is maintained, and this is liable to become
a specially adverse monopoly where, as in the case of India, so
large a portion of the working and management will necessarily
be carried on from a distant country. Whoever holds the rail-
ways must of necessity hold a virtual monopoly, and it is dis-
tinctly better, perhaps everywhere, but certainly in India, that
such a monopoly should be in the hands of the State than in
those of private persons. The State, moreover, has it in its
power to bestow on the public, to a far greater degree than
private companies could do, the maximum advantages which the
railways afford by means of the lowest tariffs.

Prq/its on railway working are in no way dependent on the
high or low original cost of constructing the lines, but are solely
dependent on the daily relation between the actual working ex-
penses and receipts. However trite and obvious, it cannot be too
often recollected that under purely commercial management it
pays a little better to carry one unit for, say, eight annas, than
to carry seven units for seven annas, that is to say, for the sake
of one anna of additional profits a railway company is bound
in the interest of its shareholders to exclude what may possibly
be a very large proportion of public advantage. Nor has the
public any reason to complain. The shareholders of a com-
pany do not make a railway for the purpose of conferring a
maximum public benefit, but only for securing a maximum
revenue—their object is merely to find and maintain within the
limitations of the Government concession, the point of highest
profits, no matter what may be the number of persons or tonnage
of goods carried or excluded. If| for instance, the shareholders
of a railway company were willing to accept a permanent
diminution of a } per cent. of their dividend, that com-
paratively small loss on their part might mean a possible re-
duction of tariffs, that would place the advantages and con-
veniences of railway transit within the reach of thousands who
were before excluded, or, what is the same thing, would enable
thousands to use the railway a largely increased number of
times in the course of a given period. In India, the State,
occupying a materially different position, will not necessarily be
bound to sacrifice great public benefit for the sake of the last
anna of profits. Its future direct revenue from railways will
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valuable East Indian Railway, a line which, while the property
of the State, is worked by a company, compares favourably,
both as regards profits and percentage of working expenses,
with the best State-managed lines—and it is on many grounds
probable that the employment of private agency would in every
case be attended with superior economy—Dbut the question is one
to be decided not only on grounds of financial, but also on con-
siderations of political expediency ; so that it would appear that
the question is rather one for particular lines or systems, than
for the aggregate of railways, and that, wherever political and
military interests will admit, the employment of an inter-
mediate agency in the working and management of the Govern-
ment lines may be economically resorted to.

The enormous rdilway property of the Indian Government is
steadily and year by year growing in value, and forms one of
the brightest prospects in the financial outlook of the country.
This property in the now near future must assuredly plwce at
the disposal of the Administration a perennial and increasing
source of revenue, which may be of incalculable importance in
relieving the burden of taxation, and in admitting the carrying
out of many long-desired fiscal reforms, whilst at the same time
keeping open and enlarging almost every avenue of material
wealth. Another and most important aspect of the especial
value of Indian railways—a value in this respect of almost in-
conceivable amount—is the manner in which they operate to
reduce and to prevent the otherwise ruinous outlay on famine
relief, in a country where, without the means of a rapid transfer,
of the food supply, local scarcity, or actual famine, is just as
inevitable as are the uncertainties and irregularities of climate
conditions, and where the burden of directly supporting a
starving population in times of local distress, has been rightly
accepted as an imperial and public duty. Some idea of the
cost of famine relief may be gained, when it is stated that in the
eleven years 1867-1877 inclusive, no less a sum than fourteen
and a half millions sterling was thus expended, and the actual
cost to the public of famine relief, including remission of land
revenue, in the five years, 1873 to 1878, was nearly £16,500,000.

Y The Finances and Public Works of India, by Sir John Strachey, G.C.S.I.,
and Buckley, on ZAe Irrigation Works of India. -
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the trade, and to the people among whom it passes. The con-
struction of every mile of railway, unlike money lavished in
war, has at almost every stage enriched somebodv, has enriched
the nation and the world. Wealth employved on armies and
fleets, or squandered in the destruction of life and property, or
wasted in the luxuries of despotic rulers, is unproductive. Not
so with railways, every pound of which honestly spent in due
time yvields a reward. The navvy who receives his wages for
bulldmg up embankments, formmg cuttings, driving tunnels,
or preparing the surface of the railways; the men who are
employed on the permanent way, and who keep the ballast and
rails in order, the pointsmen, and the signalmen whose duty it
is to watch over the running of the trains, the guards, ‘the
porters, and the stationmasters, these all expend the wages
which they receive in the purchase of the necessaries, and, in
not a few instances, what but a short time since would have
been regarded as the luxuries of life. The producer of the
goods thus distributed makes his profit on their production,
and in his turn secures a share of the money which the working
of the railway system causes to be circulated through the
country. In like manner the coalowner, or the ironmaster,
who supplies the coal and iron ; the various manufacturers who
build the rolling stock ; each in his turn realises profits, and
accumulates some fraction of the great total of national wealth.
The profits thus realised become in their turn invested in re-
productive works.’

The enormous economy of railway locomotion—less however
in India than in Europe——if we put to its credit the diminution
in the expense of traffic since it was introduced, has been strik-
ingly illustrated by the late Sir James Allport, manager for
many years of the Midland Railway, in connection with the
coal traffic in England. He says, ¢ The reduction in the rate
of the conveyance of coal to London for the last fifteen or
twenty years is equivalent to the total value of the coals them-
selves, Twelve months ago people were paying for coals in
London less than they paid for the mere carriage of the coals
before railways came into operation’—and speaking of the
general economy of railway carriage as compared with the past,
he says, ‘I venture to assert that the reduction in carriage by
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developed in proper relation to railways in Indisa, is the creation
in a systematic manner, of a network of good village roads,
serviceable at all times of the year, converging on properly
selected points. Without such a system of minor roads, connect-
ing all the smaller centres of commerce with the larger and
established markets nearest to the railway, the latter can confer
only partial benefit to the districts through which it runs. For
a long period the provision of feeder roads was unduly post-
poned, under the mistaken idea that the funds available would
be more profitably expended on branch lines of railway to feed
the main lines in the place of roads, forgetting the absolute im-
possibility, in such a wide area of country, of constructing within
any moderate length of time a system of branch railways
capable of superseding and rendering unnecessary the provision
of common roads of secondary communication. The very low
cost of.inland carriage, principally due to the great cheapness
of draft power during a considerable part of the year, tended
in great measure to divert attention from the importance of
good village and feeder roads in the earlier days of Indian rail-
roads. From these and other causes the construction of such
roads, serviceable throughout the year, has lamentably failed to
keep pace with the wants of the railway system, and there still
exists throughout the country, a large number of railway stations
which are absolutely inaccessible to a loaded cart for five
months in the year.

The true financial results of the large loan outlay incurred on
irrigation canals in India, viewed as commercial undertakings,
were for a long time the subject of some controversy, owing to
the extreme difficulty of correctly assessing the total direct and
indirect revenue brought about by the peculiarity of the con-
ditions of land tenure in India, and by the virtual impossibility
of apportioning the true share of the real indirect revenue
between the canals and other causes—such, for instance, as the
influence of improved road and railway communications. To a
far greater extent than railways, all but the very smallest works
of irrigation, or those constructed under some exceptionally
favourable conditions, require to be in operation for a consider-
able period before a profitable direct return can be looked for.
From this and other causes, the profit and loss in connection
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every prospect that the issue of rupee loans for railway exten-
sion purposes, would now meet with far greater success than
heretofore among native investors, and would prove a valuable
stimulus to the internal and foreign trade of India.

Some relief, however, has in the meantime been afforded by
that utilisation of Government credit which has allowed the
borrowing of money at low rates of interest, and has permitted
the construction of numerous railways, irrigation canals, and
other reproductive works by direct Government agency, and
has thus secured such direct profits as may accrue from
these works for the service of the country; but the
Government is burdened with many serious responsibilities
in connection with defensive, protective, and other undertakings,
from which little or no direct profit can be looked for, so that
the net results in the shape of direct profits, from all Govern-
ment works taken together, can hardly be otherwise than small.!
The production of any large amount of hoarded native wealth
for investment in remunerative public works would in a short
time revolutionise the country, and raise it to a height of pro-
" sperity beyond present conception, nor is there any reason to
doubt that such a production will in the course of time take
place. Those who express surprise that the enormous hoards
of potential wealth, either in specie or locked up by the natives
of India in the form of jewellery, should not be more profitably
utilised, forget that the very existence of these hoards is but
the expression of that innate feeling of the insecurity of all
possessions not susceptible of removal, which is the legacy left
by the ancient forms of government. This feeling, engrained
in the native character, the past experience of the race has
tended to harden into a fixed and hereditary instinct. Already
under years of settled government, less intense than formerly,
this innate distrust must in the course of time grow more and
more feeble, in proportion as, under a wise and judicious
administration, the country is maintained in a condition of in-
ternal contentmment and external security. Probably also it will
gradually be more]clearly perceived by the wealthy and cul-

! Vide The Finances and Public Works of India 1869-1881, by Sir John
Strachey, G.C.S.L
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whole answering to the real form of the country, and within the
most minute limits of error, exact in all its linear dimensions,
measured in every possible direction.

Now, as it is our purpose to give an outline sketch of the
operations of the ¢ Great Indian Trigonometrical Survey,’ a few
words of general explanation to the entirely uninitiated reader,
which will enable him to understand in a general way what
is meant by a Trigonometrical Survey, will, as a preliminary, be
desirable.

First of all, then, the word ¢ Trigonometry ® means measure-
ment of triangles—from the Greek words Tpiywvoy, a triangle,
and pérpia, measurement (from pérpov, a measure) so that a
trigonometrical survey means a survey made by means of the
measurement of triangles. In what way the ¢measurement of
triangles’ enables us to carry out a geographical survey will now
be explained as simply as possible.

Let it be assumed that a reasonably correct plan or map of a
small island is required, and that a survey party—which we
are privileged to accompany—has been formed to execute the
necessary field-work. Further, to eliminate all disturbing con-
ditions, let it be assumed that the island has a generally plain
surface, entirely free from forest growth, and from all objects
offering impediments to a clear view in every direction. The
survey party will be equipped with a few steel measuring chains,
a good supply of poles and flags, and one or two highly re-
fined and accurate instruments for measuring angles, called
theodolites.

If the island is completely new and unknown ground to the
party they will first of all explore it carefully, making what is
called an € ocular’ survey—so as to gain a general idea of its
main features, and of the position of its prominent points. Its
approximate size will also be estimated by the length of time
required to traverse it in one or two directions at a roughly
known rate of travel. The next operation will be to select—
probably somewhere along the flat, sandy shore—a fairly level
and unencumbered surface, on which a long straight line can
be measured. 'T'his line, which will form the initial base of the
whole survey is called the ¢ base-line.’

A suitable position for this important line having been found,
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of the work, we here insert a rough sketch (Fig. 1) of what
in the first instance is guessed to be the general shape of
the island, and on this sketch we have marked the probable
position of the flag-posts which have been planted near the
coast. We have also inserted letters which indicate the angles
of the various triangles that the surveyors propose to measure,
and we have numbered the triangles themselves from 1 to 5.
Having completed the measurement of the base-line, marked in
the fig. a-b, a ¢ theodolite * or instrument for measuring angles

FiG. 1.

is set up at the point a, and the surveyor carefully measures
the angle at a, sighting alternately the-flag posts at & and c.
Having recorded this angle, the surveyor removes the instrument
to the b end of the base-line, and in a similar way measures
the angle b, sighting alternately the flag-posts a and c.

Of triangle No. 1, the length of one side, viz., the ¢ base-line,’
which has been directly measured, is known, and the size of each
of the angles a and . Having this information, by a simple
calculation the size of the distant angle at ¢ can be discovered
without actually measuring it with the theodolite, as also can

e






30 PUBLIC WORKS OF INDIA

it is desired to draw on paper the exact outline of the coast.
All that it is necessary to do is to measure a sufficient number
of what are called offsets * from the sides of the triangles nearest
to the shore, thus supposing e f in Fig. 2 represents the pre-
cise length, to scale, of the side ¢ f of No. 2 triangle, stations,
situated opposite the chief points of irregularity in the shore-
line are measured off on the ground along this line from the
point e. From each one of these stations, and at
right angles to the line ¢ £; an ¢ offset * is measured
to the shore. These measurements having been
entered in a book, it is evident that the ¢offsets®
can be drawn or ¢ plotted” on the plan of triangu-
lation, and by drawing a line through the outer
ends of the ¢ offsets,” the exact outline of the coast
between the points ¢ and f will be produced.
When it is desired to fill in and add to the plan
the inland features of the island, the surveyor
can, cither by means of smaller triangles laid
down inside the main ones, or by running any
desired number of measured lines tied to the
sides of these triangles, obtain lines, offsets’
from which will give all the interior features with
any degree of detail desired, or suitable to the
scale on which it is proposed to draw the map.
The important matter to notice is that every
point of the detailed filling up will be in its

Fic. correct place, because all will be tied and held
together in exact relative position, on and about the main
lines of triangulation, which constitute, in fact, the skeleton
on which the whole body of the map is moulded.

The above serves merely as an illustration of a simple frame-
work, consisting of a single series of triangles grounded on and
verified by two measured bases. The island that has been dealt
with is in reality so small that a perfectly correct map of it
could very likely have been obtained by a few simple direct
measurements, without the necessity of any angular measure-
ments at all. _

When it is necessary, however, to provide a suitable skeleton
or framework for the detailed survey of a very large contment,
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sentation of a network system, and Fig. 4 of a gridiron system. |
In each, the little circles represent stations or observing points
from which angles are measured, which, wherever possible, are
fixed on the highest elevations.

Looking at Fig. 3 it will be seen that the triangles forming
the network are all what is called ¢ well-conditioned,’ that is to
say, they have no very sharp or very wide angles. It is, in fact,
a general rule in all trigonometrical triangulations that no
angle shall be sharper than 30 degrees, or wider than a right
angle or 90 degrees. The measured base-line a b will be found

Fi1G. 4.—GRIDIRON SYSTEM.

marked on the lower right-hand corner of the sketch. As be-
fore explained, all trigonometrical operations in the first
instance, start from some actually measured base-line, and it
has been noted that the correct measurement of this base-line
is a matter of the first importance, because from it the length
of the sides of a whole series of triangles has to be computed,
which computation will be all wrong if the base-line has not
been correctly measured.

Although apparently a very easy matter, the exact measure-
ment of a long base-line is in reality an exceedingly difficult
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In Madras, the latitude and longitude of numerous points
were astronomically fixed, the coast line was laid down for a
distance of 700 miles, and upwards of 2000 miles of route
measurements were made in the Carnatic during the war with
Hyder Ali. From the material thus accumulated, a general
atlas of India was nearly completed in 1787, but owing to the
fragmentary nature of the surveys, and the numerous errors
contained in them, little practically useful results were obtained.
Further materials, however, slowly accumulated from numerous
route surveys, and carefully computed astronomical observa-
tions, until the year 1798, when the results were sent to
England for the purpose of framing a great map of India which,
however, was never published, and much of the interesting and
valuable data collected is said to have been lost in the destruc-
tion of old records which took place at the time of the abolition
of the East India Company. These various route surveys,
greatly inaccurate as they necessarily were, were at the time
when the interior of India was almost unknown of great service
for the use of armies on the march, but as the country was
gradually brought under British administration, the want of
good and accurate maps of the districts became more and more
keenly felt. At the beginning of the present century the
method of surveying a country by means of measured routes,
and positions astronomieally fixed, was more and more seen to
be liable to serious errors, and it slowly began to be recognised
that a trigonometrical triangulation was the only really secure
basis for accurate map-making, although many experienced men
brought up under the old system still believed in, and clung to,
the earlicr practice. Great improvements and refinements were
introduced into the manufacture and accuracy of mathematical
and optical instruments for astronomical and surveying pur-
poses, and the results so far obtained in the progress of the
trigonowmetrical survey of Great Britain, which was commenced
in 1784, showed the many advantages of the trigonometrical
system.

The magnificent undertaking known by the name of the
¢Great Indian Trigonometrical Survey,’ consisting of chains of
triangles, which extend from Cape Comorin to the borders of
Tibet, and from Afghanistan to Burma, was commenced about
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Captain (afterwards Colonel) Lambton’s proposals were sub-
mitted to the Madras Government, and were warmly supported
by the Marquis of Wellesley. The Governor of Madras was
also favourably impressed by the advantages likely to accrue
from the undertaking, and sanction to it was shortly afterwards
accorded by the Government. Colonel Lambton, as a matter of
course, was appointed to conduct the operations. Lieut. Warren
of the 33rd Regiment, and Lieut. Kater, were appointed assist-
ants. The chief instruments employed by Lambton were a
36-inch theodolite (a highly refined instrument for measuring
angles with extreme accuracy), an 18-inch repeating Theodolite,
both by Carey, and several smaller ones; an astronomical
instrument called a ¢ zenith sector,’ by Ramsden ; two measur-
ing chains of blistered steel, and a standard brass scale. The
large theodolite was unluckily captured by the French on its
way out from England, but it was afterwards chivalrously re-
turned by the French Governor of Mauritius, with a complimen-
tary letter to the Governor of Madras. The steel chains were
100 feet long, consisting of 40 links of 2} feet each, of excellent
manufacture, in fact, the whole of the instruments were the most
perfect that were at that time obtainable in England.

Operations commenced on the 10th April 1802, by the
measurement of a base-line, something over 7} miles long, near
St. Thomas Mount, Madras. The Madras observatory, then
for some time in existence, thus became the starting-point of
the Trigonometrical Survey of India. By means of a long and
regular series of astronomical observations, the longitude of that
observatory was more accurately known than any other point
in the peninsula, and this longitude served—as it still does—as
‘the local meridian, in place of the meridian at Greenwich, to
which all the observations for longitude in the Indian surveys
are ultimately referred. '

In measuring his first base-line at Madras, Colonel Lambton
used a chain similar to that employed by the English Ordnance
Surveyors. The chain was supported in five wooden boxes,
cach 20 feet long, which were carried on tripods, fitted with
elevating screws, the whole being adjusted to exact line by
means of a telescope. At one end the chain was secured to a
¢ draw-post,’ with provision for adjustment by means of a fine
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to the Malabar coast was found to be 860 miles, or 40 miles
less than had hitherto been given by the best maps, The in-
accurate results obtained by the earlier methods of survey was
thus demonstrated.

The base-line measured on the Mysore plateau at Bangalore,
was adopted as the origin of the long meridional series of
triangles which was ultimately (not, however, before the year
1837) carried up from Cape Comorin to the foot of the
Himalayan mountains. This immense range of triangles, 1540
miles in length, is named the ¢ Great Arc Series.” At the time
it was completed it was—and it is believed that it still is—the
longest arc measured on the earth’s surface Starting from the
Bangalore base, the ©great arc’ triangulation was first
gradually carried down to a point near Cape Comorin, where
a base of verification was measured, then in the year 1811
Colonel Lambton commenced its' northward extension from
Bangalore.

During these early years of the survey the operations were
constantly interrupted by the disturbed political condition of
the country, which was not completely pacified until the year
1818, as well as by the jealousy and apprehensions excited in
the minds of the people at the sight of the mysterious pro-
ceedings of the surveyors, with their strange and uncanny
looking instruments perched successively on almost every hili-
top, and their long array of flag-posts and signals which seemed
to pervade the country. Whatever may have been the exact
nature of the opinions or fears thus aroused, it is evident that
much patience, firmness, and tact, were requisite on the part of
the officers of the survey in order to avert danger, allay
suspicion, and conciliate goodwill. Additional obstacles to
progress were also imposed by the untrained condition and
inexperience of the subordinate staff, and by the constant sick-
ness of the field-parties exposed to a highly malarious climate.
The stay of the two officers nppomted as assistants, was too of
but short duration. 'The services of Lieut. Warren were before
long required elsewhere, and Lieut. Kater’s failing health soon
obliged him to quit the service. Thus the chief of the survey
was often compelled to work nearly single-handed, and he had
to turn his time and attention to many harassing details. It
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by numerous scientific bodies in Europe. In 1817 he was made
corresponding member of the French Institute, and in the
following year was elected a Fellow of the Royal Society.

In the meantime the ¢great arc series’ of triangulation
(all work on which was conducted with special care and
accuracy) had been pushed northwards to Beder, in latitude 18°
north, where a new base line was measured. Colonel Lambton,
now at the age of 65, had greatly broken down in health and
physical energy, and Captain Everest, afterwards his able

. successor, was appointed as chief assistant. Owing to the
disturbed condition of the provinces of Central India at that
time the ‘great arc’ work was temporally suspended, and
Everest was employed in completing the network of triangula-
tion to the southward, where in 1820 he was disabled by fever,
and had to proceed to the Cape of Good Hope for the recovery
of his health. Colonel Lambton, much broken in health as he
also was, then proceeded with the ¢ Great Arc Series,’ extending
it up to Takal Khera in latitude 21° 6". More and more pro-
strate by disease and infirmities of age whilst vainly attempting
to measure a base-line at Takal Khera, he exposed himself so
unduly to the severe tasks imposed upon him by the sickness
and prostration of nearly all his party that he completely broke
down. Soon afterwards setting out from Hyderabad to Nag-
pore—still in prosecution of his work—he died on the road at
Hingunghat, now a large cotton centre in the Central Pro-
vinces, on the 20th January 1823. A modest tomb, consisting
of a pillar surrounded by a walled enclosure, was afterwards
crected over his remains by the Resident at Nagpore, on the
bare ridge not far from the spot where the water-works
reservoir now stands.

Thus died in harness, at the age of 70 years, the worn-out
¢ Father of the Indian Survey’—like many of his humble
followers, a faithful martyr of devotion to the public service.
His last great work comprised a triangulation aggregating
165,342 square miles of the Peninsula of India, at a total cost
of £83,537, or an average and moderate outlay of about 10s.
per square mile. About the year 1820 Colonel Lambton in
a report on the survey operations writes, ¢ In the twenty years
devoted to this work I have scarcely experienced a heavy hour,
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such is the case when the human mind is absorbed in pursuits
that call its powers into action. A man so engaged, his time
passes on insensibly, and if his efforts are successful his reward
is great, and a retrospect of his labours will afford him endless
gratification. If such should be my lot I shall close my career
with heartfelt satisfaction, and look back with increasing
delight on the years I have passed in India;” and again in his
last report he says, ¢ It would indeed be gratifying to me if I
could but entertain a distant hope that a work which I began
should at some future day be extended over British India. I
sincerely hope that after I relinquish the work somebody will
be found possessing zeal, constitution, and attainments, where-
with to prosecute it.’

This hope was amply realised in the person of Captain, after-
wards Colonel, Everest, who was shortly afterwards appointed
his successor.
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Carraix Everesr whilst on sick leave at the Cape of Good
Hope, had opportunities of studying the Abbé de la Caille’s
arc measurement, and he contributed a valuable paper on the
subject to the Astronomical Society. On his return to India
he was engaged at the time of Colonel Lambton’s death, in
laying out a series of primary triangles, intended to extend from
the Beder base-line to Bombay. In consequence of the death
of his chief, he succeeded to the office of Superintendent of the
Survey, having been for five years chief assistant. Captain
Everest at once transferred his attention to the continuation of
the ‘great arc series.” After many difficulties consequent on
defective staff, sickness, and the nature of the country, he
carried on the triangulation from Takal Khera to latitude 24°
North, where, in the year 1824, a base-line was measured
with the old chain at Sironj (situated about seventy miles
south of Bhopal), near which place a lengthy series of astro-
nomical observations was also undertaken.

The health of the new superintendent, however, again broke
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posite,—that is, made up of two strips, one of iron and one of
brass, laid one upon the other, and firmly joined together in
the middle, so that movements of expansion and contraction
would take place evenly at the two extremities.

At a temperature of 62°, the two component metals are
of the same length, but owing to the greater expansion of
brass as compared with iron, under the influence of heat, at all
other temperatures the extreme length of one strip exceeds
that of its fellow. Accordingly at the two ends of each brass
and iron strip there are projecting pivots, adjusted to a flat
movable tongue or lever, which tongue becomes inclined inwards
or outwards in proportion as the length of the strips vary. It
will thus be scen that there are points on the movable tongues
at either end—outside the pivot—which will be the central
points around which the movement takes place, and which will
‘be always equidistant from each other. These equidistant points
are each marked with a dot; the distance apart of the dots
being fixed at exactly 10 feet. The bars are mounted on brass
rollers, and are enclosed in long wooden coffers, or boxes, from
the ends of which the tongues only project.

Provided with six sets of Colbys compensation bars, and a
full supply of every description of improved instrument and
apparatus, which the most skilful artificers of the day could
produce, Colonel Everest reached India in 1830, having in the
meantime been appomted by the Court of Directors ¢ Surveyor-
General of India” in addition to his duties as Qupermtendent of
the Trigonometrical Survey.

On his arrival he determined to measure the base of verifica-
tion for the ¢ Calcutta longltudma] series,” with the new measur-
ing bars. A line 6} miles in length was laid out along the
road from Government House, Calcutta, to Barrackpore, at the
ends of which two towers, each 75 feet high, were constructed.
This base, the first measured in India with the improved
apparatus, was measured at the end of the year 1831 and
beginning of the year 1832. About the middle of the same
year the triangulation of the ‘Calcutta longitudinal series,
which had thus occupied over six years, was closed in upon it.

Owing to the defective state of the instruments employed,
and other causes, the work on this series was not considered to
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visible both from the measured line and from the valley of the
Ganges.

By the early part of the ycar 1837 the Dehra Doon base-line
was connected with the triangles brought up from Sironj ; but
Colonel Everest did not consider the results altogether satisfac-
tory. 'The Sironj base had been measured in 1824 by the old
steel chain method, and it was now determined to re-measure it
with the compensation bars. This was done during the cold
season of the year 1837-38, and its length was found to be too
short by ncarly 3 feet. 1In 1838 a party was sent to revise all
the angles southward of Sironj as far as Beder, a distance of
260 miles, with the new and improved instruments brought out
from England by Colonel Everest. This work was completed
by the year 1839. On the first connection of the old Sironj
and the new Dchra Doon bases, the difference of the measured
and computed lengths amounted to nearly 3% feet. In the
carlier days of the survey this would have been considered a
sufliciently satisfactory agreement, seeing that the length of the
base is nearlv 7% miles, and the distance between the two bases
upwards of 400 miles. After the re-measurement, however, of
the Sironj base with the same apparatus as used at Dehra Doon,
the difference between the length of the latter base, as measured,
and as computed through the triangulation brought up from
Qn-on.], amounted to 72 inches only, a degree of accuracy show-
ing the great exactness of the instruments now emplo_)ed and
the skill with which the work had been carried on.

In 1841 the old base-line, nearly 8 miles in length at Beder,
was also re-measured, and the difference in length as now found,
and as found by computation from the Smm_] base, was 4-296
inches. Two observatories were established, one at Kaliana,
near the Sewalik range of hills, and the other at Kalianpur,
near Sironj, both on the same meridian. The difference of
latitude between these observatories was exactly fixed by
the—as nearly as possible—simultaneous observation of 36
stars, half of them to the northward and the other half to
the southward of the zenith of both stations. In a similar
manner the exact latitude of a point on the same meridian near
the Beder base-line was fixed.

Thus, in the year 1841, nearly forty years after it was com-
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between the ¢ Calcutta longitudinal series’ and the Himalayas,
north and south chains about this distance apart have in fact
been laid down (see Map of the Triangulation) ; but in the other
main divisions of the survey it has been found unnecessary for
topographical and detail purposes to range them so closely
together.

Shortly after Colonel Everest’s departure from India, the
¢ Calcutta meridional series,” starting from the base measured
at Calcutta in 1832, was carried northwards for a length of 260
miles, over a flat and marshy country, necessitating the building
of towers for every observing station, to Sonakoda, near the
foot of the Darjeeling mountains. This series, comprising an
area of 4136 square miles, forms the eastern boundary of the
¢ North-east quadrilateral,’ and it was completed in the year
1848. The North-eastern or ¢ Himalayan® series, forming the
northern boundary of the same quadrilateral, extends from
Dehra Doon to the Sonakoda base, along the foot of the hills,
over a distance of 690 miles.

The work on it was executed by different parties, at various
times, and its execution was attended with greater dangers and
difficulties than had been experienced on any other part of the
survey. The operations had to be carried on over one of the
most deadly tracts of swamp and jungle in the world, or that
forming the renowned ¢Terai,” lying along the foot of the
Himalayan range. Of the five officers who were engaged upon
it, two died from fever, and two were forced to retire utterly
broken down in constitution, and it is stated that in one season
the lives of no less than forty native employées were sacrificed.

In the year 1847-48 a basc-line was measured at Sonakoda
for the verification, both of the ¢Calcutta meridional’ and of
the ¢ North-eastern Himalayan’ series, the base serving also as
a point of departure for the future prolongation of the work in
the direction of Assam. It was measured with the Colby
apparatus, and was also proved by a minor triangulation laid
oft from its side, with satisfactory results.

The ¢ North-eastern Himalayan series* connects the northern
ends, and verifies the series of meridional chains, nearly one
degree apart, which at different times were carried up from
the ¢Calcutta longitudinal series,’ and it also completes the
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THE superintendent of the survey reviewing its progress from
the commencement in 1802 by Colonel Lambton, up to the
year 1848 says, ¢ The grand total area triangulated amounts to
477,044 square miles, and the grand total cost to Rs.34,12,787
or say £312,389, showing an average cost of Rs.7. 2. 5. per
square mile, or about 13s. 1d., which cannot but be considered
remarkably moderate, especially when the nature of the country
and the climate, as well as the absence of all the usual resources
to be found in Europe, are taken into account. The hardships
and exposure of surveyors working in the field for the greater part
of the year in such a climate as India are either little known or
little appreciated.” . . . ¢The duties of the Trigonometrical
Survey are often unremitting day and night, because the best
observations are obtained during the nocturnal hours, when the
dust raised by the hot wind subsides, and the atmosphere becomes
clear and calm. With regard to the rate of progress, much
depends on the efficiency of the officers, and on the accidents
of the climate. In a hilly country the average advance made
per season by each party is about 120 miles in length by 30 in
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The ¢North-western Himalayan series® from Dehra Doon
to Attock was completed in the year 1853. Its length is 416
miles and it comprises 33,000 square miles of very hilly country.
It had been commenced in 1847, but its progress was inter-
rupted by disturbed political conditions. The ¢ Western longi-
tudinal series* extending from the Sironj base to Karachi, was
commenced in 1848, and the triangulation reached Karachi at
the end of the year 1852, after five seasons of extremely arduous
labour. The length of this side of the great quadrilateral is 668
miles, covering an area of 20,323 square miles. A portion of the
survey crosses the ¢ Thur’ or desert country north of Guzerat,
and its execution entailed much skilful arrangement and fore-
thought for the due provision of supplies and water to the
working parties, numbering about 200 persons.

As soon as these two great series were approaching comple-
tion it was necessary to measure the terminal bases at Karachi
and Attock. A suitable site for the latter was chosen in the
¢ Chuch’ Doab, near Attock, on the east side of the Indus.
'The valley of Peshawur had at first been proposed as the most
appropriate position for this base, but the idea had to be
abandoned owing to the disturbed state of the valley at that
time, in consequence of the frequent incursions of lawless tribes
along the frontier. Attock thus became the upper corner of
the North-west quadrilateral and a branch triangulation was
subsequently carried to the frontier at Peshawur.

After the measurement of the Attock base the apparatus was
sent down to Karachi, and the base-line at that place was care-
fully measured. 'The remaining side of the great North-west
quadrilateral was to be formed by a long range of triangles
extending along the Indus valley from Karachi to Attock.
This work was started from both ends of the line, but before it
was completed the Sepoy mutiny of 1857 broke out, and work
on it was suspended until 1858, It was finally completed in
the cold season of the year 1860-61.

In 1862 a base-line 63 miles long was measured at Vizaga-
patam, a point on the ¢ East Coast series,” nearly in the same
latitude as Bombay. This base was to serve for the verifica-
tion of that part of the east coast triangulation lying between
Calcutta and Vizagapatam, which had now been completed, and
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to north, and from east to west—making those gigantic ¢ grid-
irons’ of which we have been speaking—form the permanent
framework, or skeleton of the real survey. On this framework
every detail and every physical feature of the interior topo-
graphy of the country is—and will under all subsequent
changes continue to be—supported, and by it are tied together
on our maps in their true relative positions.

The whole trigonometrical system of triangulation in India
now rests on ten measured base-lines, all of which have been
measured by the bars, self-compensating for temperature. These
bases in order are as follows : On the ¢ great arc,” Cape Comorin,
Bangalore, Beder, Sironj, and Dehra Doon. At the eastern
extremity of the North-East quadrilateral, Calcutta and Sona-
koda. At the western extremity of the North-West quadri-
lateral, Attock and Karachi, with Vizagapatam on the East
coast series. For purposes of symmetry an additional base at
Bombay would appear to be wanted, but for the practical
purposes of the topographical survey it has not been deemed
necessary. Another base-line at Mergui, in Tenasserim, has
lately been measured to serve as a base of verification for the
Burma coast series, and for a point of fresh departure in the
trigonometrical survey of that province.

Before concluding this rapid sketch, it only remains to briefly
indicate two of the many subsidiary operations connected with
the great survey. It was especially necessary that the exact
height of the various base-lines above the level of the sea
should be determined. Now there is a method of measuring
heights by means of measured vertical angles which is called
¢ trigonometrical levelling,” but this method, although capable
of a high degree of accuracy, is nevertheless inferior to that
more general system of carrying forward a line of levels and
determining heights, which is executed by means of a spirit
level and staves.

In Upper India, where the distances from the sea are very
great, it became a matter of much doubt whether the heights
as hitherto determined by means of trigonometrical levelling,
checked only by barometrical observations, were sufficiently
accurate. It was determined therefore to undertake and bring
up from the coast a regular series of spirit levels as the only
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tidal gauges have been established, and observations regularly
recorded to ascertain the true mean sea-level, and furnish a
fixed datum, or height of departure, to which all the measured
heights over the whole country can be reduced and referred.

On the completion of the measurement of the ¢great arc
series > extending from Cape Comorin to Dehra Doon, a basis
existed for ascertaining the curvature of the earth on that arc
by means of astronomical computation. Various attempts to
discover the true size and figure of the earth have from time to
time been made, commencing from a very early period in the
known history of mankind. Although probably not the first
attempt of this kind, Eratosthenes, custodian of the great
Alexandrian library, attacked the problem about 250 years
before the Christian era, between Syene and Alexandria. Some
two centuries later Posidonius, an Athenian and Rhodian
philosopher, made another attempt between Alexandria and
Rhodes, by observing that the bright star Canopus just grazed
the horizon at the latter place, whilst at Alexandria it rose
74 degrees. In each of the above cases the distance between
the two points of the earth’s surface chosen was estimated, not
measured. »

The Mohammedan Khalif Al Mamun (a.p. 813-832) having
become convinced of the globular form of the earth, gave orders
to the astronomers of his time to measure a degree of a great
circle on it. On the shores of the Red Sea, in the great plain
of Shinar and by the aid of an astrolobe, the height of the pole
above the horizon was determined at two stations on the same
meridian, exactly one degree apart. The distance between the
two stations was measured and found to be 200,000 Hashemite
cubits. The general result of these various observations gave
for the earth’s diameter about 8000 miles, a determination not
very far from the truth.

In the year 1527, or just five years after Magellan had for
the first time circumnavigated the globe, the first attempt made
in Christendom to ascertain the size of the earth, was by Fernel,
a French physician, who, observing the elevation of the pole at
Paris, went northwards until he came to a place where its
height was exactly one degrec more. He then measured the -
intervening distance by registering the number of revolutions
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a quicker rate of vibration at the poles, and at every intermediate
point between the Equator and the poles a bhghtlv accelerated
rate. By observing, therefore, the exact number of vibrations
made, say in twenty-four hours, by a pendulum of fixed length,
at various selected points along the great arc, the true figure
of the earth along that line could be ascertained.

In the practical carrying out of these observations, however,
many refinements became necessary, to eliminate various
sources of error. Even to fix the exact rate of vibration of the
pendulum in any given time required much elaborate arrange-
ment. The method adopted was the following. 'The observing
pendulum was set up in close proximity to a slightly shorter
one attached to an astronomical clock, the clock pendulum
being shorter, vibrates at a slightly quicker rate, and gradually
gains on the other, until a maximum divergence has been
reached. At the end of another interval the two pendulums
again approach each other until they exactly coincide. At this
instant of time the observing pendulum will have made two
vibrations less than the clock, in the interval which can be read
off the clock face. The exact rate of the clock being known,
the precise number of vibrations made by the observing pendu-
lum in twenty-four hours can be readily calculated. In order
to get rid of all disturbing currents of air, the pendulums had
to be swung in a vacuum.

The ascertainment of the true figure and density of the
earth is by no means a matter of mere curiosity ; on the contrary,
numerous problems of the highest scientific and practical
importance are dependent on its correct definition.

The extraordinary value, accuracy, and precision which char-
acterises the operations of the Great Indian Trigonometrical
Survey, together with the numerous other scientific labours
carried out in connection with it during the present century,
under the direction of the British Government in India, has
been sufficiently attested by the highest authorities of Europe,
whilst the skill and energy with which the work has been
accomplished can only be fully appreciated by those who are
specially acquainted with the extremely adverse conditions
under which it has been carried on.

The present brief and mere outline sketch of these vast
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ever, there is a far greater diversity of character in the
public highways. Like the main or turnpike’ road of Eng-
land, the first-class Indian road is embanked, is of ample width,
well-graded, drained, and everywhere metalled and bridged.
The second-class road is also embanked, of the same, or of a
smaller width of road-bed, is drained, metalled on the surface,
but not yet, or only partially bridged. Or again, a second-class
road may be embanked out of reach of floods, and drained, but
neither metalled nor bridged, often having, however, permanent
causeways, temporary bridges, or other facilities for assisting
traction across the beds of the water-courses during the dry
season of the year. These second-class varieties of roads may
be either virtually first-class highways in a state of transition,
or may be intended to remain permanently as designed and
made. Still lower in the scale are the surface tracks of more
than one kind, usually called fair-weather roads.’ In the
better class of fair-weather road the course is systematically laid
out over a selected line of country. For a width of from 30
to 50 feet the surface is cleared of jungle-growth or other ob-
structions, ditches on either side are cut to serve as drains, and
the earth from these ditches is thrown into the centre to level
up the worst hollows and inequalities of the ground, and to
assist the water to run off into the side drains; or in very low
ground a slight continuous embankment may be thrown up.
The banks of the larger and more troublesome streams are cut
down to an easy slope, so that carts may pass over the bed of
the river, either directly, if the bed is firm, or by the aid of some
temporary or even permanent causeway laid over the worst
portions. During eight or nine months of the year, or even
longer in certain districts, these inexpensive fair-weather roads
are of great service. Other fair-weather tracks are formed by
merely clearing the surface of jungle-growth, and easing the
approaches to the beds of the intervening streams, without
drains or earthworks of any kind. Other tracks are almost
unaided by any labour whatsoever, the traffic, very much as a
natural stream of water might do, wearing for itself a passage
along the easiest and least resisting line of country.

During the dry season, when, in the plains of northern India,
or on the elevated plateaux of the Deccan, the surface soil is
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given. This really extraordinary bridge has successfully with-
stood the floods of centuries, and has probably often been
buried beneath the waters. Even so late as the year 1871, ten
feet of water passed over the roadway, carrying away all the
shops that then existed on the piers. In the Panjab from
Lahore northwards, the general direction of a road made by
Shir Shah in 1540 can still be traced by the rows of ancient
trees and brick pillars at intervals of two miles. The road
appears to have followed the natural level of the ground, and
was neither metalled nor drained. It was, however, partially
bridged. Some of the bridges still remain, and others no doubt
have perished, leaving no trace. Remains of ancient made
roads are to be found in Bengal, which show that the former
rulers of the country were not altogether unmindful of their ad-
vantages. One called the ¢Pepul putta ka Seran,’ lined with
Pepul trees on each side, extended a thousand miles from
Jaganath to Delhi. This road was from 60 to 70 feet broad.
It was embanked over low ground, but was unmetalled. In
several places it was bridged, the piers being 12 to 14 feet thick,
and the arches of the usual narrow pointed form. In Mysore
some remains of bridges of still greater antiquity have been
noted. One such bridge was constructed over the south branch
of the river Kaveri near Seringapatam, probably at a period
dating before the usual construction of archwork. A portion
of the bridge serves as an aqueduct to convey water from the
river to the town. The structure is of the rudest kind.
¢Square pillars of granite are cut from the rock, of a sufficient
height to rise above the water at highest floods. These are
placed upright in rows, as long as the width of the bridge, and
distant about 10 feet from each other. They are secured at
the bottom by being let into the solid rock, and their tops
being cut level, a long stone is laid upon each row. Above
these stones others are placed contiguous to each other, and
stretching from row to row in the direction of the length of the
bridge. The celebrated bridge over the Euphrates at Babylon
was constructed on similar principles.!

Major Briggs, Superintendent of Works in Assam, reporting
on the proposed Assam trunk road in 1863, gives an interesting

Y Mill’s History of British India. ’
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Before, however, referring to that early example of Indian
road construction known as the ¢Grand Trunk Road,’ now
extending 1500 miles from Calcutta to Peshawar, it will be
convenient to make a few observations on some of the more
simple elements and principles of road engineering in India, for
the benefit of the unprofessional reader.

The selection of a suitable line for a first-class road, even in
a moderately level country, is a matter requiring some profes-
sional aptitude and skill, and in a mountainous or hilly country
a very high degree of engineering proficiency, combined with a
keen and practised talent for rapidly detecting the framework
of mountainous masses, and the conformation of the valley
systems to be dealt with, so as to avoid losing the advantages
of elevation, regularly gained. A badly laid out hill road may
impose the lifting of the whole weight of traffic to a height far
beyond the total altitude to be actually surmounted, whilst a
good line will continue its course at an almost uniform and
easy slope, losing scarcely anything by descent. The laying
out of a line of first-class road over a tolerably level plain dis-
trict is a comparatively simple matter, but even here, the choice
of country within certain practical limits of deviation requires
intelligent co-ordination of means to ends. It will not suffice
to take a ruler, and, on the map, draw a straight line from one
point to another. In the first place, the cost of ¢metalling,’
that is, placing hard material for the wearing surface of the
road, will cost maybe six to eight times as much as the cost
of earthworks, and after the road is made, the ¢ metal’ has to
be periodically renewed as worn down by the traffic; hence the
neighbourhood of quarries, where stone metal can be obtained,
or the facilities for obtaining other kinds of metal used in road
making—such as that concretion of carbonate of lime in hard
nodules called in India Aunka, or gravel, or even hard burnt
broken brick and sand, have to enter into calculation, so that
it may be decided how far it will pay to sacrifice the absolutely
shortest line for the sake of cheapening the carriage of the most
expensive items of construction and maintenance. Again, to
avoid exceptionally expensive bridgework, it will be often
economical to keep the road on the ridges of a country, in-
volving some deviation, or merely favourable points for crossing
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plainly furnished. A keeper, who acts also as cook, and supplies
provisions under a fixed tariff, together with a small staff of
menial servants, is maintained, and a small fee—for the benefit
of local or district funds—is charged to travellers for the
temporary use of the ¢ rest-houses.’




CHAPTER 1I

Neglect of Public roads until comparatively late date—Military fair-weather
Roads—Road up the Bhore Ghat early in the century—The Grand Trunk
Road—Alignment—Early commencement under Warren Hastings—Real
commencement under Lord William Bentinck—General description of
Grand Trunk Road—Bridges—Lelajaum Bridge—Paucity of information—
Paved Causeways—Sone Causeway—Probable cost of Grand Trunk
Road—Difficulties of early engineering work in India—Insufficient water-
ways—Initial importance of Grand Trunk Road—Other early road opera-
tions—Agra to Bombay —Great Deccan Road—Extension of Hill Roads—
Coast road through Orissa—General outline of important roads—Indus
river at Attock—Proposals for a tunnel—Modified project—Construction
of Attock Tunnel—Abandonment of work—Central India Roads—Roads
in the Berars—Roads in the Central Provinces—Northern, Eastern, and
Sangor Roads—Early importance of Northern road—Important Bridges—
Roads in Bombay and Madras,

It has been pointed out that very little was done by the
English Government in the matter of public roads for India
until a comparatively late date. Fair-weather roads were con-
structed by, and for the use of, armies on the march, but these
were neglected almost as soon as they had fulfilled their
immediate purpose, and those absolutely necessary for the
control of newly acquired territories were only kept open by
constant reconstruction. These military road-tracks were no
doubt of service to the commercial traffic of the country, and
this especially so in some of the more mountainous districts in
the lower peninsula, where work of a much more permanent and
substantial character had of necessity to be undertaken from
time to time for military purposes, such as that road passable by
artillery, made under the orders of the Duke of Wellington in
the early part of the century, up the Bhore Ghat between
Bombay and Poona. It was not, however, until the years 1840
to 1845 that any large and systematic general construction of
80
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later, or in the year 1855, the road was completed to Karnal,
some seventy-five miles north of Delhi, or for nearly 1000 miles
from Calcutta, and its prolongation to Lahore was then in
progress. 'The extension of the road from Lahore to Peshawur,
although a vigorous commencement had been made not long
after the annexation of the Panjab, was delayed for many years
owing to want of funds.

The Grand Trunk Road has been constructed throughout as
an embanked, thoroughly well-drained and well-metalled high-
way of the first class. It is raised in every part well above the
height of known floods or inundations. The top width of the
earthwork was in the first instance made 30 feet, but was
soon afterwards increased to 40 feet, with side slopes of 4
to 1. The central portion was originally everywhere metalled
to a width of 16 feet, with either broken stone or Aunka,
laid 8 inches thick, and rolled or beaten down to a thickness
of 6 inches. Rows of good timber trees were planted for the
greater part of its enormous length, along the foot of the em-
bankment slopes at intervals of 50 or 60 feet. Halting-places,
or encamping-grounds, were also arranged at suitable intervals
for the convenience of merchants and goods, and at every
ordinary stage for troops on the march, enclosures for shops,
and open encamping grounds, marked off and kept clear from
cultivation, were established. ¢ Rest-houses’ for the better class
of travellers were also provided at distances apart of ten or
fiftecn miles along the road.

Except in the case of the widest rivers, of the first order of
magnitude, the road was permanently bridged throughout.
Subsequently, after the construction of the great line of railway
—first from Calcutta to Delhi, and then on to Peshawur—
provision was made for carrying the road over these largest
rivers by means of the great railway bridges then constructed.
The bridge structures on the lower portion of the trunk road
were to a great extent constructed of stone, the piers being
founded on cylindrical wells, or on perforated blocks of brick-
work sunk into the sandy beds of the rivers in the manner
peculiar to India. A great number of these bridges were of
very considerable size—such as the one over the Lelajaum
river, consisting of twenty-six arches of fifty feet, costing the
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siderable number of years, and a large proportion of the earlier
work being done by convicts, or by famine relief labour. The
probable cost of the initial work would hardly be less than
£500 a mile, exclusive of the large bridges, or between seven
and eight hundred thousand pounds. A sum of £489,100 is
recorded to have been spent on it up to the year 1848, at which
time the cost of maintaining the road, so far as completed, was
£35,000, and for many years subsequently the total cost of
maintenance was not less than about £50 a mile. Before the
introduction of railways the traffic carried by the trunk road
was very large, and it was calculated that the whole thick-
ness of metalling, throughout its entire extent, was renewed
every six years.!

At the carly date when the greater portion of this splendid
public work was constructed, English engineers working in
India were to a great degree unfamiliar with the peculiarities
and flood phenomena of the great Indian rivers, and, moreover,
carried on their operations under exceptional difficulties as re-
gards skilled labour of every description. As might be expected,
in several instances bridges were constructed with a waterway
insufficient to pass without undue obstruction the sudden and
violent floods to which they were subjected, and consequent
failures occurred. In 1850, during the construction of the
Lelajaum bridge above mentioned, a heavy flood carried away
five of the arches which had been completed. In another case,
owing to insufficient waterway, an entire bridge was wholly
destroyed. Delays in construction were also frequent, whether
caused by paucity of funds or from one or other of the innu-
merable difficulties encountered in the manufacture and pro-
vision of building materials, and their transport over a virtually
roadless country, and the absence for many years of any other
than the rudest labour. The early successful achievement of
this magnificent 1500 miles of permanent road, and its real
magnitude, when considered in connection with the peculiarly
difficult conditions under which the main portion of it. was
carried out, has been to a great extent thrust into the back-
ground by the subsequent press of railway construction. Its

1 Vide ¢ Public Works in the Bengal Presidency,’ vol. xvii. Proc. Inst. Civil
Engincers.
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Calcutta, through Orissa, via Midnapore, Belasore, Cuttack, and
Gangam in the Madras Presidency, together with a very large
total mileage of secondary roads connecting the main thorough-
fares with the railway centres which were then springing
rapidly into existence.

Some few of the more important main-lines of first-class
roads which have now been opened out may be enumerated,
but it would serve no purpose, and be needlessly tedious to
attempt any general trace even of these. The reader will
gather a better idea of the extent and ramification of the first
and second-class roads of India by consulting the annexed
map. Many of the roads to be mentioned are now old estab-
lished highways, such as the Calcutta-Darjeeling road, which,
metalled and bridged throughout, over a very difficult and
inundated country, and crossing numerous watercourses and
several large rivers by iron bridges resting on screw-piles, is
carried well into the Northern mountainous district, opening
up an important connection with the external trade routes on
that side of India. In the low-lying districts of Eastern Bengal
an excellent system of water carriage, by the numerous inter-
secting channels, prevents the necessity of any considerable
extension of ordinary roads.

The old and prosperous districts of the North-West Provinces
are covered with a very extensive network of roads of every
class. From Gwalior, on the Agra road, and from Cawnpore,
main trunk lines extend to Jhansi, Laltipur, and on to Saugor
in the Central Provinces. From Bareilly, after traversing
nearly seventy miles of plain, a mountain-road is carried to
the hill sanatoria of Naini Tal, Ranikhet and Almora, and in
the elevated district of Gharwal various lines of hill road ex-
tend to the Niti pass, forming a valuable line of communica-
tion for traders from Tibet.

In the Punjab and upper parts of Scinde a very considerable
network of excellent roads also exist, among others the impor-
tant road from Umballa to Simla, and the Hindustan Tibet
hill road extended beyond for over 150 miles up the Sutlej
Valley. The Kangra Valley road, and that from Rawalpindi
to Murree, and from the same place to Malora and Kohat ;
the frontier roads—Peshawur to Kohat, Thal, Katabagh, and
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limits, led at length to a well-considered proposal in the year
1859, to turn the more important of these difficulties by the
substitution of an under passage or tunnel beneath the river.
Careful studies entered into showed that the banks and bed
of the Indus at Attock were composed of slate rock, moderately
easy to work, and apparently free from fissures likely to seriously
endanger, or enhance the cost of the work. A scheme was
therefore elaborated in full detail for a brick-lined tunnel 1215
feet long, 24 feet wide, and 20 feet high, to extend underneath
the river, with a roadway 82 feet below low-water level. It
was proposed that the level of this under passage should be
reached by descending tunnelled approaches on either side of
the river, each on a grade of 1 in 20; the entrances being
placed at 100 feet above the level of winter flow—that is, at
182 feet above the floor of the actual river tunnel. The total
length of the complete gallery, including the approach grades,
would have been 7215 feet, or over 1} miles. The tunnel was
to be ventilated by air shafts placed 600 feet apart (except
at the river section, where the interval would be longer) in
the shape of hollow cut-water towers, having their summits
placed above the reach of floods, and the gallery was to be
lighted throughout with oil-gas manufactured on the spot.
Duplicate pumping engines were to be provided for keeping
the tunnel clear of water, and provision was also made for its
rapid flooding by means of a syphon at any time under military
necessity. The estimated cost of this project was £104,408.

The scheme so far found favour with the authorities that a
sum of £1000 was sanctioned for the purpose of carrying out
an experimental trial drift, and in March 1860 the sinking of
the necessary shafts on either bank of the river was commenced,
by military labour. 'The leakage of water, however, was found
to be heavier than anticipated, and subsequently further sums,
amounting in all to £6000, were granted, until, in the suinmer of
the year 1862, it having been found that the cost of the work
greatly exceeded the rates of the first rough estimate framed,
the Government decided upon a suspension of operations, at a
time when only 258 fect remained to complete the junction of
the drift-gallery across the river-section.

The drift underncath the river—about 6 feet by 3 feet in
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fect feasibility of constructing a permanent tunnel under the
Indus at a reasonable cost. The military importance of a
second line of communication removed at least from the danger
of any possible injury by extraordinary floods, would appear to
indicate the desirableness of completing the Attock tunnel, but
the relative value and advantage of the work as compared with
other means of passage, either at Attock or elsewhere on the
Indus, is one for decision by scientific military experts. The
successful piercing of the drift gallery under the river has been
here mentioned as a bold and interesting operation, carried out
upwards of thirty years ago, by a small and energetic body of
pioneers, under very disadvantageous conditions.

In Central India occur the roads vid Jeypore, Tonk, and
Deoli, Ajmere, Neemuch, Rutlam, and Mhow. The line com-
municating with the North-West Provinces, leading from the
grand trunk road at Aligarh, vié Muttra, Bhurtpore, Jey-
pore, Ajmere, Sihari, Mount Aboo, and Deesa. In the Berars
is an excellent system of first-class roads intersecting the rich
cotton districts, such as the lines Malkapur, Buldwana, and
Mehkar, Nandura, Molala, Khamgaon, and Jalna (leading into
the Bombay Presidency vié Aurangabad, and Ahmednagar to
Poona). Akola to Bassim and Umarkhed, Murtazapur to
Karunga and Bassim, Budnera vié Amroati to Morsi and
Ellichpore.

In the comparatively late acquired Central Provinces, it is
recorded that in the year 1862 there were barely twenty miles of
first-class road fully opened out. During the following twelve or
fifteen years, besides a very large aggregate mileage of roads of
the secondary class, three excellently constructed first-class lines
of communication were carried out, viz. the Northern, Eastern,
and Saugor roads, together with those from Jubbulpore to
Mandla, and from Warora to Chanda. The northern line
extends from Nagpur vid@ Seoni to Jubbulpore, a distance of
185 miles. The eastern road is carried from Nagpur, vid
Bhandara and Nandgaon, to Raipur, the chief town of the
Chattisgarh district ; and to Sambulpur. The road is metalled
throughout, and permanently bridged, except over the very
largest rivers. The Saugor roads form an important connect-
ing link between Bandalkhand and Western India, these






CHAPTER III

Types of bridges on Indian roads—Early iron suspension bridge near Saugor—
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Masonry bridges—Examples—The Palamcotta bridge over the Tambra-
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It is evident that over the immense mileage of metalled and
bridged roads, intersecting in every dircction the great conti-
nent of India, and traversing such wide tracts of country,
covered for the most part with large watercourses and more or
less frequent great rivers, an enormous aggregate number of
bridges spanning these streams will occur. Moreover there will
necessarily exist a general similarity in the type and particulars
of such structures. For ordinary road purposes Indian rivers
and watercourses of all sizes are commonly crossed by masonry
arched bridges of brick or stone, with piers and abutments
founded either directly on the hard substratum found at their
sites, or on cylindrical wells, or blocks of masonry sunk to a
sufficient depth into their sandy beds. Occasionally, although
rarely, the superstructure, and even the piers of road bridges
may be constructed of iron, or timber—the latter material,
however, for climatic reasons, being ill adapted for permanent
erections in India. In the few notices or illustrations of Indian
road constructions which follow, the particular works men-
tioned are chosen either on account of special interest as early
examples of road engineering, or on account of their more than
92
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rmad bridzes enpstructed in India, which are = be met with
more or ke frequentls. The Soban bridge comidts of tifteen
brick arches each of 63 fert -pun. carrving a cut—stone cormice,

and a level madway 26 feet in width. The arches are supported §

on piers and abutments of enureed rubble masonrs. 33 devt high
from lowest foundaticn to the -pringing of the arches The
bridge was built in three -ections of five <pans ewch. the abut-
mntpmsandemiabutm-:n being 12 feet. ami the mter
meciate piers 9 feet in thicknes. The foumiativn footing
enur<~. which rest in firm red clav. are laad az a depth of
17 feet below the river-bed. ami are protected by a ccatinoous

tflonring of ~tore blocks. and up amd down <tream curtain walk, |

carried down to the ame level as the foundation maconry of

the pier~. The clear waterwav of the bridge & 945 running |

f-et. the crnt of the structure lunm_ been about £4300.

Probabiv the lanzest of the very numervas ondinary rosd |

bridges constructed in India is that over the Kanhan river on
the northern line of nad from Nagpur to Jubbulpore in the
Central Pmvsinces. This bridge—which wa~ constructed be-
tween the vear 1566 and 1573—adjoins the military station
at Kamthi. ~ituated abvut ten miles porth of Nagpur. The
Kanhan i~ a river of con-iderable magnitude. tributary to the
Weingunga. The accompanving illustration. which represents
a third of the total length of the road-bridge constructed over
it. will convey an idea of the main features of the structure.
The Kanhan bridge, with the exception of the ornamental
balu-trade or parapet. which i of cast-iron, is constructed
throughout of <andstone masonrv: the stone for which was
obtained from quarries situated along the north bank of the
river, within a few mile of the site of the work. The bridge
i constructed on a severely plain, but at the same time hand-
«wme design, and convevs an idea of solidity combined with
lightness and boldne~ of outline. It is about 1300 feet long
over all, and consists of twelve flattened arches of 80 feet span,
springing at nearly the highest flood-level of the river, or at a
height of 39 feet above the mean summer water-flow, each arch
having a rise in the centre of 16 feet only, or one-fifth of the
span. The total available waterway of the bridge is 38,400
superficial feet clear of any contraction, and as the maximum
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season, the central supports of the timber work were carried,
either directly or through the intervention of dwarf piers, on
the rock-bottom of the river, and were protected by a heavy
mass of rough stone thrown round them. Several of the
bridge centres, during the construction of the arch-work, were
exposed to the severe action of floods of nearly maximum
volume, with perfect safety and success. The width of the
centres on their upper surface was 25 feet, and their height
from lowest water-level to the crown of the arches was 55 feet.
Including foundations, the maximum height of the centering
reached about 75 feet. In the construction of the temporary
timber work, including renewals during its use, 37,500 cubic
feet of timber, and more than 50 tons of manufactured iron-
work in the shape of straps and bolts, were employed ; the
total weight of wood and iron in each centre being about 300
tons. The temporary centering of the arches cost £17,800, or
at the rate of nearly £1500 per span of the bridge.

As soon as the erection of the first timber centres was com-
plete the construction of the archwork commenced. The arches
of the Kanhan bridge arc 80 feet in clear span, 24 feet wide,
and have a rise in the centre of 16 feet. They are of oval out-
line, composed of seven blended curves ; the tangent to the first
curve being vertical. From the haunch stones resting on the
piers to the keystones in the centre, the archwork is built of
radiating stones, each of the full depth of the arching. These
stones vary from 63 to 4} feet long, and are of proportionate
breadth and thickness. Their weight varies from 2} to } a ton
each, and the average number in each arch is about 1000, or
12,000 in the whole bridge. 'The total weight of a single com-
pleted arch is 735 tons, and the calculated pressure at the key-
stones in the centre is 22,000 lbs. per square foot, or 152 bs.
on every square inch. When the support afforded by the
centres was removed, the average sinking or settlement of the
whole twelve arches was under 1} inches, the maximum being
under 2} inches. This exceedingly small settlement was due to
the extreme thinness of the mortar joints between the arch
voussoirs, and to the perfectly even and level bed to which each
arch course was worked before the next was laid on it.

On the successive completion of every arch, the ¢ striking* of
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temporarily used to carry—in combination with the road traffic
—a narrow-gauge railway, which was constructed to connect
Nagpur with the rich grain-producing districts of Chattisgarh.
On the recent conversion of this line of railway into one of a
broad gauge, and its extension to join the East Indian Railway
near Calcutta, an independent railway bridge of iron girders
was constructed over the Kanhan river, not far from the site of
the older work, which then reverted to its original character
and use as a road-bridge.

Very little statistical data or information appears to be avail-
able in connection with road construction generally in India.
In the ten years from 1848 to 1858 it is recorded that some
30,000 miles of roads of various classes were constructed, of
which 5000 miles were of the first-class metalled and bridged
type. During the following fifteen years road-making—more
particularly in the Central Provinces and in the Punjab—was
energetically carried on, but the rapid growth of the railway
system from this time gradually diminished the importance of
new trunk lines, except in the hill regions of the Himalayas and
other outlying portions of the country beyond the probaole
immediate reach of railways. "I'o such places important new
roads were, and still are being constructed. Local district and
railway-feeder roads—especially in times of scarcity or famine—
have, however, continued to be made in all the chief provinces:
their construction having in the year 1871 been handed over to
local boards or committees, duly provided with the revenue:
or grants considered necessary for the purpose. A sufficient
extension of railway feeder-roads, capable of being kept open
during the entire year, still remains, however, a very urgent
need in many districts,

No accurate estimate can be formed of the total length.
even of the main metalled and bridged roads now existing ir
India, but it is stated that during the thirty years previous tc
1889 the amount expended from general and local funds or
ordinary roads and bridges throughout the country does not
fall short of 1x.1,500,000 '—or a million and a half sterling—
a year, and all important centres of population in the chief pro-
vinces—especially of Upper India—have now long been con-
nected by lines of permanent highway.

1 Indian Administration during the past thirly years.— Parl. Paper, 1889.
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failure occurring at long intervals, such as occurred in the latter
district in the year 1866.

Over a great portion of the Lower Province the high annual
rainfall, added to that precipitated on the slopes of the Hima-
layan range to the north, occasionally floods the rivers with such
great volumes of water as to inundate the country and damage
the crops by excess of moisture. Artificial irrigation is here
more commonly resorted to for the cultivation only of the cold
weather crops.

In the higher Provinces to the north-west, however, the rain
clouds coming up from the sea, before meeting the northern
range of mountains, have first to pass over immense tracts of
highly-heated land, and have already discharged a large portion
of their contents. Hence arises that almost constant scarcity
of water for purposes of cultivation, which renders artificial
irrigation in this region of such inestimable importance.

Still farther to the westwards, over the greater part of the
Punjab Province, south of Lahore, the amount of annual rain-
fall rapndl\ diminishes, many districts being practically rainless.
In this reglon, without the aid of water drawn from the great
perennial rivers or from wells, agriculture becomes virtually
impossible.  Over a large tract of the central districts of India
the conditions are much the same as in the North-West Pro-
vinces, the average annual rainfall being between 30 and 40
inches, increasing gradually in quantity to the castwards of
Nagpur.

Along the line of the Western Ghats, from the Gulf of
Cambay to Cape Comorin, the rain-laden clouds from the
south-west principally discharge themselves on the high lands
immediately adjoining the coast, giving a fall averaging 100 to
150 inches; but, as a consequence, farther inland, over a long
central belt of country extending from Khandesh to the ex-
treme southern point of the peninsula—comprising nearly all
the central portions of Bombay, Hyderabad, and Madras—the
annual rainfall is scanty and inconstant. In the southern por-
tions especially of this tract, owing to the fall of the country,
the water is carried off by the rivers with great rapidity, hence
arises that immense development of artificial tank and other
irrigation, under both the ancient and modern rulers of the
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In the early part of the year, under the influence of the
growing heat of the sun the water stored up in the form of
snow on the Himalayan mountains is gradually released. In-
creasing volumes descend the Indus and other snow-fed streams,
and the canals are filled ; the water reaching its maximum body
during the fierce temperature of the summer months, when for
the purposes of man it is most required ; but during the winter
months of the year, the level of the water in the river remains
at too low a level to enter the elevated channels. These inun-
dation canals, together with wells, were the only means of
irrigation available in very ancient times in the Punjab and
Scinde.

A very large number of carly inundation canals are to be
met with in the almost rainless regions of the Indus basin,
especially in the great alluvial plain below the junction of the
five Punjab rivers. In size thev vary from 10 to 200 feet in
width, from 3 to 10 feet in depth, and are of all lengths up to
sixty or seventy miles. As already stated there are no head
works to control the supply of water, and irrigation from them
is carried on by means of branch cuts leading from the main
canal, which feed the minor distributing channels. The exca-
vations are carried at such an angle from the parent stream as
to gain as great a fall as the nature of the country admits.
Owing to the constant encroachment or recession on either
hand of the Indus, these canals are most difficult to keep open
from season to scason. The Indus brings down an enormous
quantity of material held in suspension in its waters, which
being deposited along its course causes a gradual raising of its
bed. 'The banks also are constantly being eroded, thus there
is a continued action tending to fill up the channels derived
from it, necessitating heavy periodical labour to keep them
clear. The greatest deposit takes place in the portion nearest
to the river, where it often reaches 5, to even 10 feet in depth;
and in order to preserve the original level, stone posts are set
up to mark the limits of clearance required.

Owing to the elevated position of the bed of the Indus, the
highest land is at the river banks, and the inundation canals
are cut through this relatively high margin in order to carry
water to the lower levels removed from the stream. An
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was diverted into the Sutlej in 1790, had an independent course
to the Chenab.’

The chief canals of the upper Sutlej system are the Kanwah
and the Sohag. The Sohag canal leaves the Sutlej a little
below the mouth of the Kanwah, and irrigates the country
between that canal and the river. It is seventy-three miles long,
and has been much improved under British rule, the channel
having been straightened, and masonry outlets constructed. A
continuation of the Sohag is connected with the old Beas by a
cross channel called ¢Nawabbin,’ a name derived from the
Nawab of Multan in the last century, who carried the water
into the Beas, and thence into the Multan district, for the
purpose of providing a navigable passage for his wife, who was
travelling down country in a boat.! The Afghan rulers left by
Aurungzib were to a great extent, the authors of this system of
irrigation.

In the native state of Bahawalpar a great number of inunda-
tion canals formerly existed, fed from numerous branches of the
Ghaggar—the ancient ¢Saraswati'—which formerly flowed
through the country to the Indus. After the bed of the
Ghaggar dried up, and the desert sands had encroached over
large districts which had once been fertile and populous, many
of the old branches of the Ghaggar continued for a long time
to be partially supplied with water by cuts made from the
Sutlej to their nearest points, but graduall\, year by year, more
and more land fell out of cultivation, until nearly the whole of
the upper north-east portion of the State became practically a
desert. Since the year 1867, under the fostering care and
energy of the English political agents in power during the
minority of the Nawab of Bahawalpur, a large amount of
prosperity has been restored to these regions. Numerous inun-
dation canals of considerable size and length have been con-
structed, together with some few perennial canals, drawing off
the Sutlej water from below the winter level. Many of the
older water lines have also been reopened, and the blessings of
extended irrigation have once more been diffused over the land.

¢ The important system of inundation canals from the Punjab-

1 Statement, etc., ut supra.
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Provinces, or the Holy tank in the centre of the large com-
mercial town of Amritsar, in the Punjab. The latter, with its
golden temple in the centre, connected with the shore by a
marble footway, and the quiet seclusion of its surrounding
marginal platform, forms one of the most striking and
beauteous objects in India.!

The main feature of the ancient irrigation system in the
Madras Presidency was, to a great extent, as it still is, the
employment of large or small tanks for the storage of water,
but channel irrigation was at the same time extensively !
practised. The smaller streams of Southern India are frequently
mere torrents, carrying oft the water with great rapidity, so
that they become dry after a few hours. In order to utilise
the water for irrigation purposes, it was intercepted by
anicuts or weirs, built across the streams. It is only the
larger and more important rivers that can supply means of
irrigation on a large scale directly from their channels, and pro-
bably all these rivers were to some extent laid under contribu-
tion in former times. The most interesting example is perhaps
the Kaveri Delta irrigation in the district of Tanjore, which,
designed and constructed by native engineers, contained the
germ of the great Delta schemes subsequently carried out by the
British Government. Near the head of the Kaveri Delta, ¢ the
ancient native work, called the “ grand anicut,” was a solid mass
of rough stone, 1080 feet long and 40 feet broad, stretching
across the bed of the Kaveri in a serpentine form at the lower
extremity of Seringham island. It was built upwards of 1600
years ago.’? The improvement of the Kaveri system of irriga-
tion was the earliest irrigation work undertaken by the English
Government in this part of India.

*Tinnevelly, the southernmost district of Madras, is watered
by the Tambrapurni river by means of anicuts placed at
intervals across the stream, whence channels are led, either
directly for irrigation, or to supply tanks—the number of
which in this district is exceedingly large. The anicuts are
earth-embankments with masonry sluices: they are very

1 Vide ¢ Public Works in the Bengal Presidency,’ vol. xviii. Proc. Inst. Civil
Engineers.
* Parliamentary Paper, vide note, p. 8.
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exceed 668 million cubic yards, or 16 inches running off. It
is not probable that the average annual rainfall, so near the
Western Ghats, has diminished so much, although it may to
some extent, from land having been cleared of jungle. The
difference between the present supply and what it must be
supposed to have been, when the tank filled and was breached
(even supposing that to have occurred in an exceptional year),
is probably owing in part to the construction of small tanks on
some of the feeders. The tank as proposed to be restored
would have contained 644 million cubic yards. As regards
capacity, this is the largest reservoir in Southern India of which
the author can find any record.’
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object, must have been very great; and the necessity for an annual
reconstruction of a work which was inevitably destroyed during
the rain-floods, and the certainty that water could only have
reached the mouth of the canal during the dry months of the
year, are facts which reasonably lead us to conclude that no
great benefit was ever derived by the cultivators on the high
lands in its vicinity.’

In the valley of Peshawur traces and remains of an embanked
canal drawn from the Swat River, of a probably early date,
have been found, but whether the channel was ever used for
irrigation there is no record. The hill-torrents may possibly
have carried away its principal features, and no doubt this has
often been the case with many old native works, traces of which
are found in many parts of the Punjab and North-west Pro-
vinces. :

The number and extent of the irrigation works of nearly all
classes carried out over the length and breadth of India by
native engineers, in many cases long anterior to the rise of
British rule in the country, it will thus be seen, is very great.
English engineers have to a large extent adopted and im-
proved the systems they found already in operation, with the
exception of the great Delta schemes of irrigation on the east
coast, and the magnificent Doab perennial canals in the north,
which are new classes of works of entirely English origination,
the conception and execution of which, dependent on a higher
degree of scientific attainments, were no doubt beyond the
ability of the earlier native engineers.
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CHAPTER 1V

NORTH-WEST PROVINCES

North-west Provinces irrigation—Eastern Jumna Canals—Ganges Canal—In-
ception—Head works—General course followed —Branches—First twenty
miles—Slope of the country—Ramipore torrent—Superpassage—Patri
River superpassage—Rutmoo torrent—Solani valley and aqueduct—
Aqueducts and ordinary bridges compared—The Solani torrent—General .
description of aqueduct—Embankment—Masonry revetment walls—
Execution of earthworks—First locomotive engine used for constructional
purposes in India—General description of the Solani River crossing—
Details of construction—Piers and abutments—Foundation works and

arching—Completion of Ganges Canal—Opemng by Lord Dalhousie
—Subsequent remodelling of canal.

In the North-west Provinces the earliest work undertaken by
the English Government was in connection with the Eastern
Jumna Canal. This canal, which, as we have seen, was origin-
ally constructed by Ali Murdan Khan, under the Emperor
Shah Jehan, was abandoned in 1628 shortly after its construc-
tion, owing to the excessive slope of the bed and the difficulty
of maintaining its passage across the mountain torrents near its
source. It is said to have been partially restored in 1764 by a
chief named Zabitha Khan, but again fell into disuse. The
canal was re-opened under the British Government in 1830 ; the
work of improvement having been commenced in 1823. The
original defect of excessive slope, however, soon again made
itself apparent, and to remedy this, the construction of a series
of masonry over-falls, to correct and regulate the slope of the
bed, was constructed. A portion of the canal was again
remodelled in 1854. A new cut of more than 5 miles in
length was excavated, and the adjustment of the bed slope was
finally completed.

The head of the Eastern Jumna canal is about 8 miles
146
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world. Even at the present time there are few canals that can
compete with it in boldness and originality of conception, and
although the original design and execution of the work in some
important particulars was almost of necessity injuriously affected
by the absence, at the time of its projection, of previous ex-
perience in canal-engineering on anything like so large a scale,
it still remains one of the most remarkable public works of its
class to be found in any country. The early history and
minute description of its engineering details, written by its able
designer and constructor, Sir Proby Cautley, has rendered it
also perhaps better known to those specially interested than
almost any other similar work.

The Ganges Canal commences at Myapore, at a short dis-
tance below the sacred town of Hardwar, almost at the point
where the Ganges river, forcing its way through the ¢Sewalik’
sub-Himalayan range, debouches into the plains. A little above
Hardwar the Ganges divides into two branches, which again
unite about a mile and a half below the town. The canal is
taken off from the southern, and smaller, of these two branches,
which is carefully regulated and kept clear to feed the canal.

A permanent masonry damn, provided with sluices, is thrown
across the river branch. This dam is 517 feet long between
the flanks, and is pierced in the centre by fifteen openings, each
10 feet wide. The piers, which are 8 feet high, are fitted with
grooves for the sluice-shutters. On either side of the central
openings are overfalls of stepped masonry 18} feet in maximum
height. A tramway, provided with a travelling crane for work-
ing the sluices, extends along the top of the dam, and is a later
addition. At the entrance to the canal is a regulating bridge
of ten openings, each 20 feet wide, furnished with sluice-gates,
which can be raised or lowered by means of capstans. The
bridge, besides serving to carry the canal head sluices, carries
the public roadway from Hardwar to Kunkhut. ‘

By means of the two sets of sluice-gates, viz, those in the
dam, and at the regulating bridge, cither the whole amount of
water in the river branch can be intercepted and sent down the
canal, or the whole, or any part of it, can be shut off from the
canal, and allowed to escape through the dam, to rejoin the
main Ganges river below,
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The Rutmoo torrent in the 13th mile having been
passed on the level, in the manner lately described, the Ganges
canal is carried through the ¢ Peeran Kulliar’ ridge, in a deep
cutting 40 feet deep from the canal-bed to its highest point,
and nearly two miles long. On emerging from this cutting,
the passage of the Solani valley and river commences. The
Solani is a mountain torrent of considerable size, draining an
area above the aqueduct of about 216 square miles ; the drain-
age basin being about 27 miles long and 8 broad. About a
quarter of the area lies on the Sewalik range of hills, and the
remainder on rapid but gradually decreasing slopes. At the
site of the aqueduct the fall in the bed of the river is 5 feet a
mile, and at highest floods the torrent discharges 35,000 cubic
feet of water per seccond. The width of the river valley at the
point where it is crossed by the canal is 13,265 feet. or a
little over 2} miles; and the total length of the masonry
works of the aqueduct required to convey the canal over
it, from one extremity to the other, is 15,698 feet, or within a
few feet of 3 miles. The Ganges canal on meeting the valley
is 140 feet in bottom width, with side slopes of 1% to 1,
carrying a body of water having a maximum depth of 10 feet.

Essentially, the works constructed to enable these large
natural and artificial water channels safely to get clear of cach
other, consist of a massive masonry bridge or aqueduct having
fifteen arched openings of 50 fect cach, carrying the canal at a
height of 24 feet above the river bed, and two masonry pro-
tected earthen embankments, which connect this structure
with the high land on cither extremity of the valle.vi the
masonry protected embankment on the south or Roorkee side
of the river being 2733 fect, or over half a mile long; and
that on the north side being 10,713 feet, or over two miles
long. In addition there are various works for the regulation
of the river during floods, to prevent it wandering beyond its
assigned limits, and for the proper control of the water flowing
over the masonry aqueduct itself.

The general dcslgn of the Solani aqueduct will be gathered
from the adjoined illustration and hgures It is not only one
of the largest works of its kind in India, .but taking into
account the early date of its construction, it may be considered
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understood from a glance at the figures 1 and 2 below, which
represent an embankment and wall cut open from top to
bottom, on lines drawn across them—or what are called ¢ cross
sections.’
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It will be observed that each line of revetment is formed of
double walls of masonry 8 feet 6 inches apart, and 3 feet
thick ; the two walls being joined together above by archwork,
arranged so as to admit the super-construction of the series of
steps forming the actual revetment of the canal sides. The
pair of walls forming the masonry heart of the embankment
are also joined together at intervals of every 15 feet of their
great length of more than twice 2} miles, by cross walls built
up nearly to the level of the canal bed. All the hollow spaces
between the brick walls, and up to the under side of the arch-
work is filled in with earth or clay, well beaten down, which
formed, in fact, the ¢ centering’ or support on which the arch-
work was built.

The earthwork of the embankment was executed in a variety
of ways. On the early commencement of the work on the north
side of the river in 1845, earth was dug from side trenches 188
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the embankment immediately below the canal bed, where it
was most desirable.

Outside the revetment masonry, the earthwork above the
level of the canal bed was completed by tip-wagons running on
lines of rails carried along these portions of the bank. The
earthwork filling between the double walls was brought up to
the height necessary to serve as a centering on which the arch-
work connecting them was constructed, this done, the masonry
steps forming the visible revetment along the sides of the canal
were finished off. At each end of the aqueduct embankments,
the masonry revetment walls and earthworks terminate on the
high ground at the edge of the valley, in contact with masonry
bridges and structures built across the canal.

The Solani aqueduct embankments north and south of the
river, over 24 miles in combined length, contain approximately
about five million cubic feet, or nearly 200,000 cubic yards of
brick masonry, and 59 millions of cubic feet, or nearly 2}
million cubic yards of earthwork,—a mass of material that,
piled together, would form a pyramid about 700 feet square on
the base, and 400 feet in perpendicular height.

The Solani River itself is crossed by a masonry bridge 1110
feet in clear length. The open waterway is 750 feet long, com-
posed of 15 arched openings each of 50 feet span. The width
of the arches from face to face is no less than 192 feet, and their
thickness at the crown is 4 feet 6 inches. They are segmental
in form, with a rise of 8 feet in the centre. The piers are 10
feet thick at the springing of the archwork, and 12} feet in
height. Above the arches the parapet or side walls of the
aqueduct are 8 feet thick and 12 feet high above the canal
bottom. Between these parapets the water flows with a width
of 172 feet, and a full depth of 10 feet, but the complete width
is divided into two channels, each 82 feet wide, by a longitu-
dinal partition-wall along the centre. At each end of the
partition-wall cross piers are built, fitted with grooves, corre-
sponding with similar grooves in the side parapet-walls, into
which planks can be inserted, so that either half of the aqueduct
longitudinally can be closed and cleared of water whenever
necessary for carrying out repairs. The water in the closed
half is got rid of by discharging it into the Solani River
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Ganges Canal in its short passage of about 20 miles across the
low-valley land of the sacred river, admits into its bed five other
smaller torrents, controlling these uncivilised and turbulent
kinsfolk by means of suitable masonry works. The width of
water-passage for these torrents is in two cases 150 and 100 feet
respectively, in two cases 50 feet, and in one case 30 feet. At
Roorkee the canal gains the high land of the Ganges-Jumna
Doab, and continues its course free from the immense obstruc-
tions encountered in its first section. The main canal lies
along the centre of the table-land between the Ganges and the
Jumna, throwing off several main branches along the ridges
between the intermediate smaller rivers, all adapted for internal
navigation, as well as for irrigation. Irrigation commences
just beyond Roorkee, at a little over 20 miles from the head-
works.

Water was admitted into the canal by Lord Dalhousie on
on the 8th April 1854. It is said that before the opening of
the canal a considerable body of the Hindu priests, attached to
the numerous temples situated along the bank of the river in
front of the town of Hardwar, steadily refused to believe that
the water of the Holy Ganges would ever consent to enter the
canal, and so confident were they in this opinion that they
formed themselves into a solid phalan\ in the bed of the canal,
just below the intake of the water, so that when the sluices were
opened they might from this apparently dangerous position,
duly emphasise before the assembled people the great miracle
that would take place. As however the Ganges water proved
amenable to the laws of gravity, the canal bed was expeditiously
abandoned very soon after the gates were opened. This story
may have some slight basis of fact, but is probably in the main
apocryphal. The enormous benefit conferred on the community
by the Ganges Canal is illustrated by the statement that pro-
bably as many lives were saved by it in Bengal dunng the year
1865-66 as penshed during the same terrible year in Orissa.
From statistics showing the amount of grain carried down country
from the canal districts by the East Indian Railway, and b\
river transport, it is estimated that the canal in that year fed
little short of 2} millions of people. In the same year it re-
paid to the country more than its then total cost.
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Subsequent experience showed that the slope allowed to the
bed of the Ganges Canal was too great to allow, without danger-
ous erosion, the passage of the full volume of water originally
contemplated, and some considerable remodelling was necessi-
tated, which has proved successful in removing the main evils,



CHAPTER V
NORTH-WEST PROVINCES

Lower Ganges Canal : outline of newer system—Description and details of weir
at Narora—Original Nadrai aqueduct—Partial destruction by floods—The
new Nadrai aqueduct—Details of the structure—Foundation arches and
general construction—Agra Canal—General course followed—Description
of head works at Okla—First example of a weir in India crossing a river
bed of fine sand of unknown depth—Betwa Canal—Origin of project—
Particulars of head weir—Minor canals in the North-west Provinces—The
Dun canals—The Rohilkund and Bignor canals—General results of irriga-
tion in the North-west Provinces.

(-auges Tue Ganges Canal as originally constructed was fully able to
supply the wants of the upper portion of the Ganges-Jumna
Doab, but lower down there remained large districts over which
its influence did not, and could not, extend. This consideration
led to the projection and subsequent construction of a lower
system of canals derived from the Ganges, from above a weir
which has been constructed at Narora, a place situated a few
miles below Rajghat, where the Oudh and Rohilkund Railway
crosses the river. Inorder to apportion a better distribution
of the available water between the upper and lower halves of
the Doab, various additions and extensions of the main branches
and distributaries of the original work were incorporated in the
new scheme.

The whole system of irrigation in the Ganges-Jumna Doab
has for purposes of administrative convenience of late years
been divided between what are now called the ¢ Upper’ and
‘Lower’ Ganges Canals, the lower portions of Sir Proby Cautley’s
original work forming a part of the latter. The lines of main
canal and principal branches of the whole combined system are
exhibited on the accompanying map, and it will be convenient

to consider the details of the upper and lower canals separately,
100
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tural features of which are illustrated by the accompanying
engraving, is constructed of brickwork, and is 1220 feet long
over all, consisting of fifteen segmental arch openings of 60 feet -
each, carrying the canal, 130 feet wide and 7 feet deep at full
water, at an elevation of 24 feet 3 inches above the bed of the
river. On one side it carries a roadway, 10 feet, and on the
other a bridle path, 5 feet in width. The breadth of the struc-
ture from face to face of the arches is 1483 feet; the extreme
width from nose to nose of the piers being 181 feet. The
thickness of the arches at the crown is 3 feet 9 inches. The
piers are 10 feet thick at the springing of the arches, 12 feet at
at the bottom and 11§ feet high above the river bed.

For purposes of economy and convenience the fifteen arches
are divided into three bays or groups of five arches each, by two
abutment piers, which are twenty feet thick at the top.

The aqueduct superstructure is founded on circular wells,
those under each ordinary pier consisting of a single row of
eight wells, each 20 feet in external, and 11 feet in internal,
diameter. The abutment piers and shore abutments are founded
on double rows of wells of 13, and 12 feet external, and 6 feet
3 inches internal diameter. These wells were sunk from 45 to
50 feet into the river bed ; the first 25 feet or more being sunk
through sand, and the remainder through a hard, tenacious
clay. When pushed down to the full depth the wells were
filled in with concrete, and the tops were overlaid with a solid
masonry platform 4 feet in thickness, to form the base of
the superstructure. The number of wells sunk was 268, and
their united length was 15,019 feet, or nearly three miles of
brick well-work.

Owing to the great breadth of the aqueduct, the arches were
turned in three, and latterly in two, sections, each one-third or
one-half of the total width of the archwork. The line of
separation between the sections was, after the arches were com-
pleted and had ﬁnally settled into position, covered by arch
rings of brickwork, 5 feet wide and 15 inches thick, let into the
upper surface of the archwork.

The main arches cover an area of over three acres, and weigh
over 30,000 tons. 'The centering on which this immense mass
of arch masonry was constructed, 75 feet in width and 60 feet
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system of canals is completed, inland navigation will extend
through the watershed separating the Ganges and Indus basins,
so that boats will be able to traverse the whole length of
country from the mouths of the Ganges to the mouths of the
Indus.

The Agra Canal was opened in the year 1874. It has a
total length of main line and branches and navigable channels
of 134 miles, with nearly 600 miles of distributaries, com-
manding an irrigable area of 240,000 acres, or 375 square
miles. The head of the canal is situated just above the weir
thrown across the bed of the Jumna at Okla. This weir was
the first made in India in a river bed consisting of fine semi-
fluid sand. It consists of two parallel masonry walls 26 feet
apart and 2428 feet long, laid on the river bed itself, without
any sunk foundation. The space between the walls is filled in
with large blocks of stone, well packed. On the up-stream side
of the front wall a heavy protection of loose stone, 40 feet or
more in width, and having a slope of 1 foot in every 4, is
carried from the river bed to the crest of the wall. On the
down-stream side of the rear-wall there is a wide apron formed
of heavy stone, no less than 180 feet in width, with an easy
slope of 1 foot in every 20 feet. The total width of the
weir, therefore, over all is more than 250 feet, and the main
weir walls are so encased and protected by masses of packed
stone on either hand as to be quite beyond the reach of any
scouring action of the water.

The front wall is 8 feet thick at the bottom, where it
rests on the sandy bed of the river, and 4 feet thick at the top,
which is placed at7 feet above the lowest water-level. The
rear wall is somewhat smaller. The rise of the river in times of
high floods is about 11 feet, and at such times the obstruc-
tion presented by the weir causes a fall in the surface of the
water of between 3 and 4 feet. There is, consequently,
a very severe action on the down-stream apron of packed stone,
which, soon after the weir was first made, did a good deal of
damage, necessitating the subsequent breaking up of the rear
slope, and binding it together by additional longitudinal walls
carried through it. On the side of the river, where the canal
head is situated, there is a set of scouring sluices, to prevent
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ing about 150,000 acres, but hitherto irrigating only a ¢
paratively small portion of this area. Incorporated with
Betwa canal a small amount of irrigation is carried on from
Jhansi and Hamirpur lakes through about 70 miles of
tributaries, irrigating about 2000 acres.

The remaining minor canals in the North-west Provi
are the ¢ Dun Canals,’ the ¢ Rohilkund Canals,’ and the ¢ Big
Canals.” The Dun Canals are situated to the north of
Sewalik range, between the Jumna and the Ganges. T
are five principal channels, having a total length of
miles, and irrigating from 20,000 to 25,000 acres.
Rohilkund Canals are a group of small irrigation chan
situated in the Bareilly district between the Ramgunga
Sarda rivers. They consist of 20 miles of main canal, -
337 miles of distributaries, irrigating about 95,000 acres.
Bignor Canals are a much smaller group in the Morads
district, having about 38 miles of channels, and irriga
about 9000 acres.

In the whole North-west Provinces, up to the year 188¢
there have been constructed by the British Government :
miles of main canal and branches, of which 535 miles are n¢
able, disseminating the fertilising influence of water thr
6646 miles of distributing channels, and irrigating two mil
of acres, or 3125 square miles. The capital cost of these w
amounted to £8,059,300. In the year mentioned above
total net direct and indirect revenue derived from the who
the provincial canals amounted to £870,563, or 4-58 per «
on the capital expended.

The accumulated surplus, after deducting interest cha
amounts to £689,615, or over 84 per cent. on the capital
of the works, due, however, to the Eastern Jumna Canal, w]
taken alone, cxhibits a clear accumulated net revenu
£1,357,699. The total value of the crops irrigated by
North-west Province Canals in the year 1889-90 amounte
no less than £6,527,234.1 ~

1 For details of individual works in the North-west Provinces zéde Appenc
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bad years, than an absolute necessity : hence its introduction
has been slow and difficult, being against the conservative
tendencies of the cultivators, who have been, and still are, to a
great extent apathetic, or even actively opposed, to the intro-
duction of artificial irrigation—or rather to payment for the
use of canal water. In the district of Orissa, bordering the sea,
the rainfall is usually large and ample for the rice crops which are
mostly grown, but sometimes, at long intervals, a total failure
of the monsoon occurs, and from the formerly isolated position
of the district such times have been attended with the most
disastrous consequences, as in the terrible famine of 1866.

In this part of Bengal, as elsewhere over a great part of the
province, although the out-turn of the rice fields is greatly
enhanced by the systematic and regular employment of an
unfailing water supply—and is absolutely dependent on it in
bad seasons, the expense of canal water, even at the lowest rates,
is sufficient to create in the minds of the peasants a strong dis-
inclination to use it, and a disposition to trust entirely to the
ordinary chances of the annual rainfall. On the eve of the
famine year 1866 a new assessment of the land-tax was impend-
ing in Orissa, and a popular saying of the peasants is quoted,
which at the time became famous, as follows: ¢It is better that
onc or two of us in each family should die of famine, than that
by using irrigation for our land we should give the government
an excuse for raising the tax on ourselves and our children for
gencrations.” Of late years, however, some of this prejudice,
and absence of intelligent foresight, has been slowly overcome,
although much remains to be done before a knowledge of the full
benefits and advantages, insured by an unfailing water-supply
for purposes of cultivation, is likely to be at all widely diffused
in Bengal.

From the above and other causes, amongst which to the
circumstance that most of the large irrigation projects, as
carricd out in the Bengal Province, are truncated and con-
tracted portions of larger schemes, each provided with initial
main works capable of dealing with a far greater quantity of
water than has hitherto been actually used, and consequently
much more costly works than if they had been originally de-
vised to irrigate only the smaller area, the financial working of
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ment faced with a heavy masonry wall 620 feet long, 27
wide at the base, and 10 feet thick at the top : the height fi
the foundation being 33 feet. Another reservoir in Ajn
has a dam 60 feet high, built entirely of stone, and many ot
works of scarcely inferior dimensions were constructed.
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The lengths of the four portions of the weir, which are the samei
in general construction, with only slight differences in dimensions,
are as follows, 4872 feet, 2862 feet, 1548 feet, and 25844} feet,
respectively. In structure the work consists of a mass of stone-
work, some 130 feet wide at the base, 12 feet high, and 2}
miles long. The front and rear walls rest on two lines of brick.
wells, each 6 feet in diameter, and sunk 6 feet below the deepest
bed of the river. The space below the walls is filled in with
river sand and quarry spoil. The cross outline of the weir
consists of, first a level floor or waste board of masonry, 19 feet
broad and 4 feet thick, next of a slightly concave tail slope,
which is practically an inclined plane, 28 feet wide, and also 4
feet thick ; the upper surface in each case being protected by a
covering of strongly-jointed cut stone; and lastly, of a rough
stone apron of massive blocks, which extends some 80 or 90
feet down stream below the tail slope. On both sides of each
length of weir masonry, wing-walls and lines of revetments con-
nect the work with the main or island banks, as the case may
be, and prevents the water passing round the extremities.
Between cach length of weir a substantial embankment of earth,
protected by stone, is carried across cach of the islands. On
the extreme right and left flanks there are fifteen scouring
sluices, each 6 feet in width, and on each main river bank,
canal head regulating sluices and locks, each 100 feet long, are
constructed.  On the central island, forming practically the
point of division of the two main branches of the river, is
situated the head sluices and lock of the main canal carrying
water to the central delta lying between the branches.

From above the Dowlaishweram weir three main canals
radiate. One to supply the eastern delta has a bottom width
of 184 feet, and carries cight feet in depth of water. One to
supply the central delta is 114 feet wide, and carries 7 feet in
depth of water; and one to supply the western delta—the
water being here carried by several channels, but where collected
together in one—225 feet wide and 10 feet deep.

From each of these main canals numerous branches issue,
spreading over and commanding the greater part of the delta
area, and generally terminating on the sea coast. One of the
principal canals in the central delta is carried across a minor
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CHAPTER VIII

MADRAS IRRIGATION

Madras irrigation continued—Soonkesala, or Kurnool-Cuddapah Canal—
Guaranteed company—Early days of public works—Madras Irrigation
Company—Employment of irrigation companies unsatisfactory—Kurnool-
Cuddapah Canal the financial drag weight of Madras system of irrigation—
Outline of project and main works—Weir over the Tungabhadra at
Soonkesala—Course of main canal-—Works on Pennair river—Peculiar
features of Kurnool-Cuddapah Canal—Larger irrigation schemes in Madras
—Minor canals too numerous for detailed mention—Main results—East
Coast, or Buckingham Canal—Outline history of project and constructive
features—Periar project—Description and scope of scheme—Particulars
of concrete dam and principal works—General results of irrigation in
Madras.

LEeavine now the great delta schemes of the Madras Presidency,
we will turn our attention to one of the principal works in the
upper country, viz., the ¢ Soonkesala Canal,’ or as it is officially
designated, the ¢ Kurnool-Cuddapah Canal.’ This canal pre-
sents the only example in India of an extensive irrigation work
constructed by, and for a long period worked under the admin-
istration of, a guaranteed company. In early days all public
works in India were projected and carried out by the Engineer
Department of the army, working under a military board ; and
all expenditure incurred was charged against the revenue of the
year, but as the necessity for opening up the resources of the
country increased, it was soon found necessary to discriminate
between the two great classes into which public works are
naturally divided, viz., those of special and marked public
utility, such as ¢railways,’ ¢canals,” ¢ harbours,’ etc., by which
the wealth and prosperity of the country is directly promoted,
and those works such as civil and military buildings, local
roads, etc., whose chief end is to facilitate and render effective

the general administration. The first class of works are virtually
104
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up to a height of 50 feet from the ground surface to the water-
line in the canal, and are 35 and 40 feet high over long stretches.
The banks are constructed in various ways, the largest being
faced with masonry walls, supported by gravelly banks on the
outside. Some have a core of clay, or ¢puddle,’ in the centre,
on each side of which rough stone is packed. Others have a
thickness of clay puddle on the inner face of the slope, overlaid
with loose stone. There are altogether some 10 or 12 miles of
these embankments, presenting somewhat novel and unusual
forms of construction.

The total length of the Kurnool-Cuddapah Canal, which is
navigable throughout, as at present constructed, is 190 miles,
with 813 miles of distributing channels. As already stated, it
irrigates only about 25,000 acres out of 321,500 acres com-
manded. In the year 1890-91 the value of irrigated crops
raised was £70,050.!

The above works represent the most important of the large
irrigation systems of the first class in the Madras Presidency.
The cight works comprising this class, which have been con-
structed at a capital outlay of borrowed money of over 5}
millions sterling, yield a yearly revenue of £872,000, or nearly
7 per cent. on their cost, and £174,000 annually after deduct-
ing interest charges. This revenue would be far greater were
it not for the heavy loss sustained in the case of the Kurnool-
Cuddapah Canal. ‘The combined eight works irrigate an area
of over 2} million acres, or 3666 square miles, and command
upwards of 3,000,000 acres. Of the enormous number of the
works of the minor class, constructed by provincial or local
funds, there are twenty-one systems of a prominent character,
of which four are exclusively canals for navigation. Space will
not admit of any separate consideration of these works, which,
however, include the numerous ancient tanks, or reservoirs, re-
stored and maintained by the Government, some of which are
of very great magnitude, such, for instance, as the Cummun and
Chembrambaukam Tanks, of which we have already spoken in
the chapters dealing with native works, as well as the ¢ Palar®

! Adapted from a paper on the ¢ Soonkesala Canal,’ by J. H. Latham. Fide
Minutes of Proceedings, Institution of Crvil Engineers, vol. xxxiv.


















CHAPTER IX

SCINDE AND BOMBAY IRRIGATION

Bombay and Scinde canals—Inundation canals in Scinde—General results—
Bombay irrigation—Principal rivers—Main object of Bombay Irrigation
Engineers—Area irrigated small as compared with other Provinces—Works
of the first class—Jamda canals—Khrisna Canal—Ekruk Tank—Fife
reservoir and Mutha canals—Nira canals—Bhatghar reservoir—Mhbasvad
reservoir—Hathmati Canal—Minor systems— Areas irrigated — General
results of irrigation in Bombay—Concluding remarks, and general summary
of irrigation throughout India—-Recent review of irrigation works in India
up to end of the year 1890-91—Conclusion—Note on Government classifica-
tions of canals,

Jombay and IN the British province of Scinde, on the lower part of the

icinde
Janals.

Indus valley, and forming a part of the Bombay Presidency, a
very large area of cultivation is annually irrigated by means of
a complicated network of inundation canals and their branches,
originating in the Indus. The average rainfall in this part of
India is barely 9 inches, and many localities may be said to be
practically rainless. Unlike the rest of India, therefore, culti-
vation is here entirely dependent on irrigation, either from the
canals or from wells. The annual rise of the Indus, due to the
meltmg of the Himalayan snowfall, which commences in May,
again subsiding in August—by which rise the inundation
canals are fed—takes the place of the annual monsoon in other
parts of the country.

In the previous chapters dealing with ancient native irriga-
tion works, mention has been made of the enormous develop-
ment, from very early times, of the system of inundation canalx
in the Indus basin, and of the main features of this kind of
irrigation work. As the large majority of the inundation canals
in Scinde are old native works, in many cases enlarged and
improved under the British Government, it will not now be
necessary to do more than indicate the general results of their
working. Anything like a detailed description of these
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startling to consider that the whole of those wonderful ramifi-
cations and systems of railways and ocean steam-lines of transit,
which in modern times have so profoundly modified the funda-
mental conditions of human intercourse, and which to-day bind
together every part of the civilised world, and bring into such
close and intimate relations the inhabitants of every civilised
country, is the growth of a period of time well within the limits
of an ordinary human life. That all those facilities of move-
ment and intercommunication to which we have grown so
accustomed, and which now appear to us so indispensably
necessary to the prosecution of the most ordinary business
and pleasures of existence, have been virtually acquired
under the rule of the present reigning sovereign of Great
Britain.

In the Western world the diffusion of happiness and prosperity,
and the entirely altered conditions of human progress which
attended the invention and introduction of the locomotive
engine was surprising enough, but for some period before its
introduction, especially into England, the extensive use of
navigable canals, and the rise and ultimate prevalence of excel-
lent lines of good macadamised roads, with the employment of
an organised system of fast and well-appointed coaches between
important centres for passenger and for the lighter forms of
commercial traffic, materially smoothed the transition, and
gradually paved the way to that more rapid means of loco-
motion, and that manifold multiplication of productive energy
subsequently inaugurated, and rapidly developed by the railway
system.

It is in the relatively roadless East, and particularly in the
great continent of India, that we are enabled to witness in its
full proportions the extraordinary awakening, and the wonder-
fully rapid subversion of previous habits of life and thought,
which has been so notably effected within the space of a few
years, by the operation and under the regenerating influence of
railway communication.

The gencrality of Europeans, on grounds of a sufficiently
extended experience, have long been accustomed to regard the
Asiatic as a being passively, but hopelessly, resistant to all forms
of innovation ; as apathetic, torpid, unenterprising, and incur-
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when wme one remarked to the celebrated canal-making Duke
of Bridgewater. - You must be making handsomely out of your
camal?” - 0Oh, ve. he replied. -they will probably kast my
time, but I dont like the lnok of theve tramroads. there s mis-
chief in them.” What the shrewd Duke foresaw, no doubt
many other persons mayv have vaguely anticipated. bat it is the
pervistent man of ‘one idea” who generally suecveds in fixing
and forcing the attention of the public mind. Sach a man was
Mr. Thomas Gray—the really first public proposer, in the year
1820, of a general system of tramsit by railways. Mr. Gray,
according to the well-known story, which marks the first
awakening of his ‘idea,” was travelling about the vear 1819 in
the North of England on commercial business, and one day
stood looking at a small train of coal wagons impelled by a snort-
ing and puffing steam-engine along a tramroad which connected
one of the collieries of that district with the wharf at which the
coals were delivered. * Why ?” he asked of the engineer, ¢

not these tramroads laid down all over England, so as to super-
sede our common roads, and steam-engines employed to convey
goods and passengers along them so as to supersede horse-
power?’ The engineer looked at the questioner with an
amused smile : ¢Just you propose that to the nation, sir, and
see what youll get by it. Why, sir, you 'd be worried to death
for your pains.” Thomas Gray made no reply, but went thought-
fully away—the idea had firmly lodged itself into his brain,
and worry or no worry, he could not get rid of it—railroads,
steam-engines, horse-power and common roads superseded—
the words kept repeating themselves over and over again; he
could think of nothing else ; he could talk of nothing else. He
soon became a bore and a nuisance to his friends and acquaint-
ance, and was doubtless regarded by them as more or less
deranged. ¢ Railroads, stea-engines, horses and common roads
superseded "—nobody would listen to him, and the engineer’s
words seemed likcly to prove true. But the ¢idea’ of Thomas
Gray was a genuine and workable idea, and would not allow
itself to be suppressed. The pregnant words were dinned with
renewed energy into the private and public ear by innumerable
letters to friends, to newspapers, by circulars, pamphlets, and
at length by a printed book, the first edition of which was
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coals and flour, a covered ¢ coach’ containing directors and pro-
prietors, twenty-one coal-wagons fitted up for passengers, and
filled by a promiscuous crowd, and lastly, six more loaded coal-
wagons. This train, gaily decorated, started off with a horse-
man carrying a flag at its head. Crowds of people stood along
the line, or ran on foot after the train, and gentlemen on horse-
back galloped across the fields to keep up with it. The speed
was gradually increased to 10 miles an hour. At a favourable
part of the road Stephenson determined to try the powers of
his engine, he called upon the horseman with the flag to get
out of the way, put on steam, and now 12 miles an hour, then
" 15 miles an hour were attained, and the runners of foot and
the gentlemen on horseback were soon left far behind. ¢When
the train reached Darlington it was found that 450 passengers
occupied the wagons, and that the load of men, coals, and
merchandise amounted to about 90 tons.’!

The subsequent results of the opening of the Stockton and
Darlington Railway were surprising in every way, both to the
proprietors and to the public. It had not been intended to
employ the line for the conveyance of passengers; but the de-
mand for carriage became so great that the company was soon
induced to provide the necessary accommodation. In October
1825, it was announced that the company’s ¢ coach” called the
¢ Experiment’ would run from Darlington to Stockton and
back, every day except Sunday, making onc journey each way
per day. Each passenger was allowed to travel and take one
package not exceeding 141bs. in weight, at a fare of one shilling.

George Stephenson’s interesting engine, ¢ No. 1, which had
cost the modest sum of £500 only, was before long supple-
mented by other improved and stronger engines, and the road-
way itself was quickly brought into better order. As the
traffic increased a double line was laid, and trains weighing up
to 92 tons were run daily at 5 miles an hour. The rate for the
carriage of merchandise per ton was lowered from 5d. to }th of
a penny per mile. The cost of the carriage of minerals
dropped from 7d. to 1}d. per ton per mile, and the price of
coals for shipment fell from 18 shillings to 8 shillings and six-

Y Our Iron Roads, by Frederic S. Williams, London, 1888.
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powerful opposition, and made a renewed application to
Parliament in the ensuing year, when the third reading of the
bill was at last carried by a majority of 88 to 41, at a cost to
the company of £27,000. George Stephenson was at once
appointed principal engineer, at a salary of £1000 a year. The
works were vigorously prosecuted, and the line, in spite of
many severe and unprecedented difficulties, was opened for
public traffic on the 15th September 1830.

The question of motive-power to be employed on the new
railway was virtually decided by the company’s selection of
their chief engineer. George Stephenson, assisted by his able
son, had devoted himself now for many years to the perfecting
of the locomotive-engine, and so numerous were the improve-
ments he had devised and introduced, that the superiority of
the locomotive for purposes of traction over fixed engines was
now scarcely disputable. In the early part of the year 1829,
the directors of the Liverpool and Manchester Railway ap-
pointed a committee of experts to inquire into the relative
merits of locomotives and stationary engines, and, as the final
result of the recommendations of this committee—who had
visited the tramroad systems of the North of England, and had
thoroughly investigated the different methods of motive power
there employed—it was decided to publicly offer a premium of
£500 for the best locomotive that might be brought forward
by manufacturers, to compete under certain fixed regulations,
the principal of which were:—That the engines should con-
sume their own smoke; that if they weighed 6 tons they
should be capable of drawing a train of 20 tons weight, includ-
ing tender, at a speed of 10 miles an hour on a level railway:
that each engine should have two safety-valves—one beyond
the control of the driver; and that the height of the engines,
including chimney, should not exceed 15 feet. Lastly, it was
stipulated that the price of the engine was not to be more
than £550.

Only three locomotives entered the lists, viz., the ¢ Novelty,”
by Messrs. Braithwaite & Ericson; the ¢Sans Pareil,” by Mr.
T. Hackworth ; and the ¢ Rocket,” by Mr. George Stephenson.
It was well understood that the prize of the competition was
in reality the construction for the company of its entire stock
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would intrust me with money to make a locomotive engine.
That engine was made 32 years ago. I said to my friends that
there was no limit to the speed of an engine, provided the
works could be made to stand. In this respect great perfection
has been reached, and in consequence a very high velocity has
been obtained. In what has been done under my management,
the merit is only in part my own. I have been most ably
assisted and seconded by my son. In the earlier part of my
career, and when he was a little boy, I saw how deficient I was
in education, and made up my mind that he should not labour
under the same defect, but that I would put him to a good
school, and give him a liberal training. I was, however, a poor
man ; and how do you think I managed? I betook myself to
mending my neighbours’ clocks and watches at night, after my
daily labour was done, and thus I procured the means of edu-
cating my son. He became my assistant and my companion.
He got an appointment as under reviewer, and at night we
worked together at our engineering. I got leave to go to
Killingworth to lay down a railway at Hetton, and next to
Darlington ; and after that I went to Liverpool to plan a line
to Manchester. I there pledged myself to attain a speed of 10
miles an hour. I said I had no doubt the locomotive might
be made to go much faster; but we had better be moderate in
the beginning. The directors said I was quite right; for if
when they went to Parliament I talked of going at a greater
speed than 10 miles an hour, I would put a cross on the con-
cern. It was not an easy task for me to keep the engine down
to 10 miles an hour; but it must be done, and I did my best.
I had to place myself in that most unpleasant of all positions,
the witness-box of a Parliamentary committee. I could not
find words to satisfy either the committee or myself; some one
inquired if I were a foreigner, and another hinted that I was
mad. I put up with every rebuff, and went on with my plans,
determined not to be put down. Assistance gradually increased
—improvements were made—and to-day, a train which started
from London in the morning, has brought me in the afternoon
to my native soil, and enabled me to take my place in this
room, and see around me many faces which I have great
pleasure in looking upon.’
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According to the present state of English procedure in this
particular, it would appear that the Board of Trade may
practically enforce on new lines all the latest improvements and
best precautions warranted by the most recent scientific advance-
ment, but at the same time an old line—on which in course of
years an enormous traffic has grown up, far surpassing that
likely to be attained on any new line, at least until such time
as the new precautions enforced have themselves been super-
seded—may continue to be worked in the old manner without
the use of the new precautions or improvements. In practice,
however, although the anomaly in legal powers is great, the
evil is of less importance than might be supposed, inasmuch as
in nearly all cases railway companies are so strongly interested
in the safe working of their lines, as to be willing eagerly to
adopt every possible new precaution and improvement that
presents itself as practically valuable. The deficiency in the
legal powers of the Board of Trade are perhaps most strongly
felt in the case of old lines on which—owing to various causes—
the older dimensions of fixed structures in relation to changes
in rolling stock have in course of time brought about a more
or less dangerous state of things, which, as they cannot be
altered without incurring heavy expense, are exceedingly liable
to be unattended to until some serious accident has resulted.
An absolute and rigid uniformity in the relative maxima and
minima dimensions of contiguous structures and rolling stock,
on every line of a given gauge, is a matter which was greatly
neglected in the early days of railroads in England. In India,
on the other hand—as we shall see later—this important
particular has from the first been carefully attended to, and
Indian railways, so far as uniformity in standard dimen-
sions are concerned, are probably the most perfect in the
world.

The regulations of the Board of Trade, with respect to the
requircments necessary on the opening of new lines, are subject
to additions or alterations from time to time, and are issued
in circular form for the guidance of its own officers, and for the
information of the engineers engaged in the construction of
new lines of railway. The inspecting officers have the power
of modifying these regulations to meet particular cases, but in
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his signals to allow a train to pass, he shall not be able to move
his points so as to cause an accident, or to admit of a collision
between any two trains. The facing points should be provided
with apparatus which will ensure the points being in their proper
positions before the signals are lowered, and which will prevent
the signalman from shifting the points whilst a train is passing
them. Every signalman should be able to see the arms and lamps
of his home, as well as his distant signals, and the working of his
points. The fixed lights in the signal-cabins should be screened
off, so as not to be mistakable during fogs for the signals exhibited
to control the running of trains.

7. The junctions between passenger lines and any sidings should
be protected by a home signal and a distant signal in each direction.

8. When a junction is situated near to a passenger station, or is
connected with goods or mineral sidings, the platforms and sidings
should be so arranged as to prevent as far as possible any necessity
for shunting over the junction.

9. When two single lines meet, the junction should, in ordinary
cases, be formed as a double-line junction.

10. The lines of railway leading to the passenger platforms to
be so arranged that the engines shall always be in front of the
passenger trains as they arrive at and depart from the station.

11. Platforms to be continuous, and the descent at the ends to
be by ramps, and not by steps. Pillars or columns for the support
of roofs, or other fixed works, not to be nearer to the edge of the
platform than 6 feet.

12. No station to be constructed on a steeper gradient than 1
in 260. When the gradient at a station is unavoidably steeper,
and the line is double, and when danger is to be apprehended from
vehicles running back, a catch siding, with points weighted for the
siding, should be provided farther down the incline than the
passenger platform and goods yard, to intercept runaway vehicles.
When the line is single, a second line should be laid down, a second
platform constructed, and a catch siding similarly provided.

18. The upper surfaces of the wooden platforms, of bridges, and
viaducts, should be protected from fire.

14. No standing work (other than a passenger platform) should
be nearer to the side of the widest carriage in use on the line than
2 feet 4 inches at any point between the level of 2 feet 6 inches
above the rails, and the level of the upper parts of the highest
carriage doors. This applies to all arches, abutments, piers, sup-
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“ormation’ THE actual commencement of the works on an important

the line.

length of new railway, is generally considered a fitting occa-
sion for some public display of special satisfaction and rejoicing
on the part of all friends and promoters of the undertaking who
have successfully pioneered the project through its difficult
and dangerous periods of incubation and parliamentary contest,
and the ¢ cutting of the first sod’ is often celebrated with much
time-honoured ceremony, followed by that liberal consumption
of ¢good cheer,” without which no true Anglo-Saxon can regard
any undertaking as properly inaugurated. The interest of
some distinguished personage of high degree is enlisted, or
the services of the highest available local magnate are re-
tained. The directors and their friends and guests—probably
including all the leading nobility and gentry of the neigh-
bourhood—duly assemble at time and place appointed. A
resplendent wheelbarrow and spade of polished wood and
shining silver is formally presented by the chairman to the dis-
tinguished personage, or local magnate, as the case may be,

who is earnestly invited in a flattering speech to convert him-
250
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Along its course, especially in thickly-populated districts, it

becomes necessary to provide for frequent cross-communication
from one side to the other of that enclosed strip of land occu-
pied by a railway. Public and private roads of all kinds will be
carried across the line by means of service-bridges, passing
either over it or under it, and these works are often very
numerous and costly. In very flat country, where the level of
the rails and the surface of the roads will commonly be more or
less coincident, the construction of such bridges involves an
extensive series of embankments, or cuttings, either for the road
or the railway, in order that one may be made to pass over or-
under the other. In such cases, unless the road be of am_
important character, | level-crossings’ are resorted to. Gates
are provided, which close alternatively across the road, or across
the railway, as required, and an attendant or gate-keeper is
maintained in constant charge of these gates; a small house
being built alongside for his accommodation. The ordinary
position of the gates is across the line of railway, leaving the
ordinary road free for ‘public traffic, but when any train is due
their position is reversed until the train has passed. Some-
times the gates of a level-crossing are mechanically connected
with signals which, actuated by the movement of the gates
themselves, either remain at danger or allow the train to pro-
ceed, according as the gates are either closed or open for the
passage of the train. In some cases, especially in the neigh-
bourhood of stations, the movements of the gates are controlled
by a lever worked from a ‘signal-box,” and are mechanically
connected, or as it is called, ¢locked,’ with the ordinary station,
or special signals.

Both sides of a linc of railway, unless very exceptionally cir-
cumstanced, are commonly provided with some form of fencing,
in order to prevent accidents from the straying of cattle on the
line of rails, and to reduce the danger and opportunities of
trespass offered to the general public. Fences are of all kinds,
such as an ordinary ditch and bank, the latter sometimes
planted. Posts and rails of wood, thick live hedges ; fences of
iron wire, and stone-walls laid dry or otherwise. In India, but
more especially in America, railway lines are, however, some-
times more or less completely unfenced, and in the latter
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country not only in thinly-populated districts, but also in the
neighbourhood of towns and villages. The people are warned
to keep out of the way of the trains by the continuous clanging
of the engine-bell, and stray cattle are promptly removed from
the track by the peremptory action of the ¢ cow-catcher,’ placed
at the head of the engine.
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CHAPTER 1V

CONSTRUCTION OF LINE—° PERMANENT WAY '

Permanent way—Ballast—Gauge of railways—English ¢ standard ’ gauge—Ex-
amples of gauges of different countries—Wheel flanges—¢ Clearance’ and
coning of wheels—Design of permanent way—Rigidity and elasticity—
Early use of stone blocks—Sleepers and their object—Kinds of sleepers—
Cross and longitudinal —DPreservation of wood sleepers—Metal sleepers
—Sectional forms of rails—Double-headed and flat-footed—Bull-headed
irreversible rail—Increase of weight of rails—Railway chairs and keys—
Spikes and trenails—Design of railway chairs—Tread of vehicle wheels—
Inclination of rails—Flat-footed rails and fastenings—Length of rails—
Fish-joints—Contraction and expansion—Check rails—Sidings—Cross-over
roads—Switches and crossings—Facing and trailing points—Locking of
switches.

As soon as the whole, or any sufficient length of a new line of
railway has been completed to ¢ formation’ level, and the earth-
works have been allowed sufficient time to settle and become
firm, the laying of the ¢ permanent way’—or the actual road
on which the trains run—commences. This road, or line of
way, consists of continuous pairs of end-connected rails, secured
at a certain distance apart from each other by suitable fasten-
ings to some form of ¢sleepers’ placed at close intervals, and
imbedded in a mass of * ballast’ laid on the formation surface
of the railway. ¢Ballast,’ which is usually considered part of _
the permanent way, and is, in fact, its foundation, is composed
of a variety of hard unfriable materials, such as broken stone,
clean gravel, sea shingle or pebbles, and slag from blast furnaces.
Hard-burnt brick and sand are also in cases of necessity some-
times used for ballast, but are inferior. The main desiderata
of good ballast are, that it should be entirely free from all
substances which are soluble and liable to disintegrate under
the action of water, that the particles of which it is composed
should be of such size and hardness as not to crush or break
up under the weight and impact of heavy blows, and that at
204
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The ¢gauge’ of a railway is the exact distance apart at
which the inside edges of the top platform of rails are set by
an iron instrument, commonly employed for the purpose, called
a ‘gauge,’ and a variety of such gauges have been adopted in
various parts of the world. Some uniform width between the
rails, however, is almost universally adhered to over large
systems of connected lines, so as to avoid the many incon-
veniences resulting from a break in continuity. The standard
gauge of railways in England is 4 feet 8} inches, but a few
lines of narrower gauge occur in the hilly districts of Wales,
or have been employed in other places under special local
conditions. A large portion of one important railway system,
viz., the *Great Western,” was originally constructed at the
broad gauge of 7 feet, but this has now been changed to
the standard width. The English standard gauge of 4 feet
8% inches is used to a greater or less extent almost all over the
world. The most important exceptions are India and Ceylon,
where the principal gauges employed are 5 feet 6 inches and
1 metre (or 3 feet 3§ inches). Spain, Portugal, Brazil, and
Chili also employ almost entirely the 5 feet 6 inch gauge.
Ireland, New Zealand, Victoria, and South Australia have
decided in favour of 5 feet 8 inches; and Russia is practically
the exclusive possessor of a 5-foot gauge. The United States
of America have indulged in a great variety, from 8 feet down
to 3 feet—the Inglish standard gauge being included amongst
them ; Japan, Tasmania, Cape Colonies, Queensland, and to
a great extent Norway, have remained constant to a 3 feet
6 inches gauge.

Each pair of vehicle wheels are provided with projecting
flanges running inside the rails, so as to keep the vehicles from
leaving the track ; but the distance apart of these flanges is not
made so as to exactly or tightly fit the gauge, but is usually
about one inch less, allowing what is called a ¢clearance.” On
curves also the gauge itself is, in practice, made somewhat full,
so as to permit a still greater lateral play or side movement of
the wheels. The wheels of railway vehicles are rigidly attached
to their axles, which revolve with them, and moreover all the
axles of one vehicle are usually fixed rigidly parallel to each
other. The outer rail of a curve is obviously longer than the
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and is still often used—with two equal bulbs, above and below,
the intention being when one head was worn out by the traffic
to reverse the rail and utilise the other head. This form of
rail however, having no foot, requires both vertical and hori-
zontal support. To supply this support, seats, or as they are

¥ Sleeper, /

CHAIRED RAIL.

appropriately called, ¢ chairs,’ to hold the rail were introduced,
but it was found that the under-side of the rails were apt to be
worn into hollows or indentures at the points where they
rested on the chairs, and were thus rendered more or less un-
suitable for reversing. The chairs were -in consequence
gradually increased in size and area so as to afford a larger
bearing surface to the rail ; but owing to this increase of weight
it soon became cheaper to give up the idea of reversing the
rails altogether. The surplus material in the lower bulb of
the rail was therefore reduced, and transferred to the upper or
wearing bulb, which was thus greatly enlarged, resulting in the
economical, and now common form of the ¢bull’ or bulb-
headed irreversible rail.

The continuous increase in the power and weight of loco-
motives has gradually led to a corresponding increase in the
size and weight of rails necessary to withstand the increased
loads, and wear and tear to which they are subjected. On the
original Liverpool and Manchester Railway the rails weighed
only 35 lbs. per yard of length, but the increasing weight of
the engines soon obliged the directors to renew the road with
rails weighing 60 lbs. per yard, and at the present day steel
rails weighing 75 and up to 100 lbs. per yard are frequently used.
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effect this by tilting the whole rail, which is readily done by
mclmmg that portion of the chair-seats on which the rails rest,
and in this manner the upper surface of the rail-head is made
to lie true to the inclination of the coned wheels.

The flat-footed form of rail is made with the usual rounded
top bulb, but with a broad base or foot, 5 inches or 5} inches

Cuip-- Em//////////,,,?-
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FLAT-FOOTED RAIlL.

wide. It is, of course, not intended to be reversible, and as
these rails do not require lateral support, chairs are not strictly
required. The London, Chatham, and Dover Railway adopted
a flat-footed form of rail, supported on low cast-iron chairs, the
object in this case being to distribute the weight over a larger
arca of the sleepers. The arrangement in the case of this line
has been since superseded by the employment of the double-
headed rail and ordinary chairs. Generally speaking, however,
flat-footed rails arc scated directly on the sleepers, and to give
them the necessary inward inclination the upper surfaces of the
cross-sleepers are adzed to the extent required. This form of
rail has great lateral stiffness, enabling it to resist the outward
thrust of the wheels, and has, moreover, no deficiency of vertical
strength. The bearing area on a cross-sleeper 10 inches wide
will be as much as 50 to 60 square inches, and the rail-foot lies
across it at right angles to the fibre of the wood. Although
this bearing area is less than that of the larger chairs now used
—principally to prevent the under side of double-headed rails
from being damaged—it is found sufficient in ordinary cases
to prevent any crushing of the harder woods, whilst in the
case of the softer kinds of sleepers, ¢ bearing plates’ of wrought-
iron are often introduced between the foot of the rail and the
sleeper.
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switches, and the movement of the signals are, moreover, effected
in unison by means of a special mechanism. This interlocking
of switches and signals will be further alluded to in the next
chapter, when we are dealing with the signalling arrangements

on a line of railway
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the engineer’s forethought and wisdom in this matter of initial
economy, combined with initial arrangements for growth and
expansion, that much of the future economical working of the
railway will depend.

In the case of every passenger station, even one intended for
the accommodation of a village or very small town, the length
of the platform will be made at least equal to that of the longest
trains which are required to stop atit. This length will depend
on the gauge and importance of the railway, but will in ordinary
cases reach 600 to 800 feet on main lines. Unless land is
exceptionally expensive, or the station has to be built on a high
embankment, or in a deep cutting, or other difficult situation,
the width of the platform will be liberal and spacious, 25 to 30
feet being now frequently allowed. The height of platforms
for passenger traffic has been, in practice, subject to great varia-
tions, chiefly on grounds of economy of materials. Probably,
however, the most convenient height, both for the work of the
station staff in crossing the lines and in handling luggage, as
well as for the ease and comfort of passengers, is about 6 or 8
inches below the floor-level of the carriages.

The booking-office is most conveniently placed on that side
of the line nearest to the town or village ; but if there are up
and down lines a second platform and a waiting shed will be
provided on the opposite side. It is important that booking-
offices and waiting-rooms should, whenever possible, be on the
same level with the platforms and the outside approaches to
the station, and this requirement is always kept in mind, both
in the original gradjng of the line and in the selection of the
precise spot for the station. Where the arrangement is im-
possible, easy inclined planes will be better than steps or stairs
between the approaches and the platform. The minimum
amount of accommodation provided in station offices, whether
for the public or for the staff, will indefinitely vary according
to the circumstances of the traffic in each particular case, but
the smallest station will always include, in addition to the plat-
form, a public booking or “ticket-office, a clerk or station-
master’s office adJommg, a general waiting-room, store-room,
urinal, and some portion of covered platform or outside shelter,
either on one or on both sides of the line. 'The ordinary home
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along the side of a terminal station, a long main departure
platform is very conveniently situated immediately opposite to
them, and passengers reach this platform near its middle. The
arrangement is also convenient where large quantities of
luggage have to be dealt with, as the luggage office and weigh-
ing apparatus is located close to the departing trains. On the
other hand, access to a second, or to other departure platforms
is difficult, and is only to be effected, either by an inconvenient
and distant end-passage, by an over-bridge, an under-passage,
or by a movable crossing platform, which can be put into
position, or removed as required ; so that where a large number
of trains are required to be despatched from several departure
platforms, the inconvenience of this want of easy access to all
except the first, is a disadvantage. The plan of placing the
general booking and station offices in a central position is
commodious in many respects, but is less usual. The arrange-
ment admits of two long departure platforms, one on each side
of the buildings, to which easy access is gained near the middle
portion of the trains. It is said, however, that this arrange-
ment disperses the staff, and requires a large number of station
hands to carry on the work. However this may be, there is
little question that where a very heavy and frequent passenger
service has to be dealt with, the third arrangement, or that
where the main station offices are situated at the end or
extremity of the terminus, is on the whole preferable to the
other two.

The principal advantages of this last arrangement are, that
there are no difliculties in the way of using any of the plat-
forms, as occasion may require, either for departure or arrival
of trains; a very important desideratum. A discharged train
which has just arrived, can thus be used as a fresh departure
train from the same platform, and generally much shunting
and moving of trains and vehicles will be avoided. The
arrangement is also very economical in space; a highly im-
portant matter where land is valuable, as each platform will
have a line on cither side of it, requiring to be but very little
wider for the use of two trains than for one only. In this
form of terminus a wide space is provided between the end of
the lines of rail, and the station offices, to which the public
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lowered, and at a speed of 50 miles an hour upwards of 1000
gallons of water can be easily scooped up and discharged into
the tender during its passage over the trough.

Central workshops for the repair or reconstruction of the
locomotive engines, and of the carriage and wagon stock of all
kinds, are provided on all important railways. These may be
located at one of the principal termini, but are generally placed
in some central position with reference to the entire system of
railways owned and worked by one company or agency.

Every railway station requires to be provided with an out-
door apparatus for signalling, both by day and by night, so
contrived that by it instructions may be conveyed from the
stations to persons in charge of trains, in order to control the
motions of the latter. It would be impossible within the
compass of a few pages to discuss in an adequate manner the
important matter of railway signalling. We will, however,
endeavour to convey to the reader an outline and general idea
of the main principles in accordance with which the movements
of trains on a line of railway are controlled by the aid of that
system of out-door signals, which has been necessitated by the
rapid development of railway traffic, and which in many par-
ticulars has now reached so high a degree of perfection as to
render the safe working of trains, so far as this matter is con-
cerned, almost independent of human error or carelessness.

On the first lines of railway that were constructed, the need
of fixed signals was unfelt. So few trains followed each other
on the up and down lines nearly always provided, that nothing
at first seemed to be requlred except a code of hand-signals,
similar to that still used in station-yards for shunting or other
purposes. 'This code of hand-signals, still almost universally
employed, consists of the use of coloured flags, and the various
attitudes of the arms of a signalman by day, and of coloured
hand-lamps by night. A signal for ¢all right’ is given by
holding out a white flag, or by stretching out the arm hori-
zontally, or at night by showing a steady white light. A signal
for ¢ caution’ is given in daylight by a green flag, or by holding
one arm straight up in the air, and at night by a green light.
A danger or ‘stop -signal is given by showing a red flag, by
holding up both arms vertically, or by waving a cap or some
























CHAPTER VI

INTRODUCTION OF RAILWAYS INTO INDIA

Introduction of Railways into India—The India of early English occupation—
Vivifying power of railways—Influence on the destinies of India—Outline of
physical geography of the Continent—Principal divisions—Chief rivers of
Hindustan—The table land of the Deccan —Western gAdss—Eastern gkdts
—Principal rivers of the Deccan—Vindhyian mountains—Satpura and
Aravalli ranges—Alluvial soil of Hindustan—Characteristics of Indian rivers
—Coast line and paucity of sea ports—Madras, Bombay, Karachi, and
Calcutta the focus of early railways—The first three main trunk lines—
Early projects—The ¢Great Eastern’ Railway from Bombay—The ¢ Great
India’ or Great Indian Peninsula Railway '—Early history—First sugges-
tion of the guarantee system—Early promotion of the ¢ East Indian Railway’
—First despatch recognising desirableness of railways for India—Curious
assumptions—Deputation of an experienced civil engineer from England—
Committee appointed—Proposals for main clauses of contract and Govern-
ment control—Report of Committee—Experimental line—Discussion of
proposals—Views of the Governor-General—Prolonged negotiations—Pre-
liminary agreements signed—Principal contract-terms under the guarantee
system.

itroduction ALMosT exactly forty years ago—or, more precisely, on the 16th

" Railways
to India.

April 1853—the first length of railway in India, viz., the 20
miles between Bombay and Tannah, was opened for public
traffic. Thus, only about twenty-two years later than the
first introduction of railways into England, was planted on
Indian soil the germ of that wonderful subsequent growth of
trunk and branch lines of railway, the regenerating and awaken-
ing influence of which was there destined to produce more
extended and far-reaching results than in any other portion
of the globe, and to place in the course of a few years the
India of pre-railroad days, and the India of the present, as far
asunder as the poles.

Who cannot recall that familiar picture of India of the early

British occupation, handed down through so many generations
202
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lying maritime plain—seldom more than about 30 miles in width
—between them and the sea. 'The edge of the high land, from
the Tapti to a gap which breaks through its wall at Palghat,
in the neighbourhood of Coimbatore, is called the ¢ Western
&hits,’ or ¢ Syhadree’ mountains. The general elevation of its
ridge-line does not exceed 3000 feet above the sea, and it is
nowhere less than about 2200, but it reaches 5000 feet at
Mahableshwar, and 6000 feet in Coorg, to the south of which
the Neilgherry range of hills trends inland in the direction of
Madras, on the opposite coast. Below the gap at Palghat, the
range of ghits extends to the extreme southern point of the
peninsula at Cape Comorin. The average breadth of the
crest of the Western ghdts—presenting a more mountainous
character than the general tableland to the eastward—is only
about 10 miles, although numerous spurs are here and there
projected across the plateau for a further distance of 20 or 30
miles. Towards the southern end, however, the mountainous
district reaches 40 miles or more in width. In order to make
more plain to the reader the extraordinary nature of the
obstacle presented by the line of the Western ghdts to the
progress of any railway in the direct inland line from the
coast, it is necessary to point out that these ghdts are not
to be considered as a range of hills or mountains through
which a more or less difficult passage might be found by
following the direction of the main valleys on either side,
with or without tunnels at the summit, but they consist of
what is virtually an almost vertical step, forming a kind of
retaining wall to the Deccan high lands; so that a railway
attacking them from the west has to climb the face of what
is practically a line of sheer precipices, from 2000 to 3000 feet
in height, broken only along its front by deep rifts or ravines.
The narrow and low-lying maritime plain situated below the
ghats, along the western coast, is occasionally broken by low
hills, and is intersected by the estuaries of numerous mountain
streams, which descend from the rocky channels and gorges of
the high land. From the edge or ridge of the Western ghats
the clevated plateau dips away to the east, terminating a short
distance before reaching the Bay of Bengal in a line of hills
of more gentle contour than those on the west, called the
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communication with legal advisers. All receipts from traffic
were to be paid into the Government treasury, and all profits
above the guaranteed interest were to be divided equally
between the Government and the shareholders, until the debt
of the railway company for guaranteed interest was repaid,
after which all profits were. to accrue to the shareholders.
Powers to surrender by the Company, and powers of purchase
by the Government, or to take possession in case of failure of
agreement, were also given, and the money transactions between
the contracting parties were to be calculated at the rate of 1s,
10d. per rupee.!

These terms, highly favourable as they undoubtedly were to
the companies, naturally removed all difficulty in obtaining
almost unlimited funds for the purposes of railway construc-
tion; and inspite of much that can be urged against them
under the results of practical working, they have had the effect
of conferring on India the inestimable indirect benefits of rail-
way communication, and inaugurating her career of material
prosperity from a much earlier date than could have been
effected by any other means.

1 The rate was varied in other contracts.
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or collect—often from great distances—everything required,
such as bricks, stone, lime, timber. iron-work, or plant of all
kinds. At the commencement of operations, and for some
time subsequently, no trained subordinate staff existed, and
inspectors imported from England—then a vastly more distant
country than at present—were almost useless until they had
acquired some knowledge of the language, and had learned and
unlearned much new and old experience; and lastly, skilled
labour of almost every description did not exist, until in course
of time it could be trained and educated, and even ordinary
unskilled labour was difficult to secure, until full confidence in
the new employers had been gained.

Much delay was also entailed by the natural hesitation of
the chief Government authorities amidst the conflicting views
of responsible advisers, and the opening up anew of lengthy
discussions on fundamental principles, whether as guiding the
choice of route for the railways, or the actual details of con-
struction ; pmnclpleq, the greater number of which had already
been threshed out in the twenty years’ experience of practical
railway engineers in Europe, but which were more or less
unfamiliar to many of the military engineer officers in high
authority in India, who necessarily approached the subject
from an almost purely theorctical standpoint.

That some mistakes should have been made was only what
might have been anticipated; but that errors of judgment
should have been on the whole so few, and that they should
have entailed so little ultimate loss beyond some unnecessary
delays, is a remarkable evidence of the care and skill with
which the many large-scaled problems presented by Indian
railways, were from the commencement met and overcome.
Amongst the most prominent of the many elaborate and
startling theories broached on the eve of Indian railway con-
struction, was one which emanated from Colonel Kennedy,
R.E.,, for a short time Consulting Engineer to the Government
of Indxa for Railways, and subsequently Consulting Engineer
to the Bombay and Baroda Railway Company. In a report
or memorandum written at the close of the year 1851, ad-
dressed to the Honourable Court of Directors, Colonel Ken-
nedy drew up a kind of code of rules and regulations for the
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even by following the course of the river valleys; that it was
better, in most cases, to construct a line with steep gradients
than no railway at all; that the cost of the increased length
of line necessary to secure such flat gradients would be greater
than the cost of working the steeper grades, i.c. that a short
line with steep grades might in the majority of cases be a
cheaper line to work as well as to construct, than a longer one
with easier gradients. It was also seen, that to limit the
estimated cost of railways per mile to any rigidly fixed sum,
and that a sum altogether inadequate, would be not only
impracticable but extremely injudicious. With regard to the
recommended coast and river valley scheme of railways for
all India, it was opposed, that not only would the coast lines
cross the whole drainage of the country at its largest point,
and be the most expensive to construct, but would also com- -
mercially and politically be the most uscless, and everywhere in
direct competition with sea-borne traffic. It was shown that
in every country it is necessary that railways should be laid
out with reference to the distribution of population, and to
the general resources and necessities of the people, rather than
to the mere physical characteristics of its geography, and with
reference to the greatest political and commercial advantages,
than with a mere view to easy gradients, however desirable
these might be when readily obtainable. Moreover, the idea
that the great river valleys were necessarily the main arteries
of commerce, was in India—except in a few instances—shown
to be peculiarly erroneous, and that an attempt to lay down
any inflexible and rigid system of railways to cover the whole
face of the continent was both premature and unpractical.
Belonging to an entirely different category, and as a mere
curiosity, may also be mentioned the appearance—shortly
after Colonel Kennedy’s noted memorandum—of a book written
by a Colonel Grant, of the Bombay Enginecrs, to prove that
the idea of laying down the permanent way of railways on the
surface of the ground was utterly inapplicable under the con-
ditions and circumstances of India. He recommended, with all
seriousness, that every Indian railway should be suspended
throughout its entire length by a regular series of suspension
chains, at a minimum height of 8 feet above the ground, which
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opposite western coast, was sanctioned ; the contract with the
Company being signed in December 1855. The first section of
the Madras-Beypore railway, 64 miles in length, was opened on
the 1st July 1856, and from Arconum, a point situated 42
miles from Madras, a trunk railway was afterwards constructed
in a north-westerly direction through Cuddapah to Raichore,
effecting a junction at that place with the Great Indian
Peninsula line coming from Bombay. The complete connection
by railway of the Presidency towns of Bombay and Madras,
although it had been early recognised as of Imperial importance,
was, however, delayed for some years, partly owing to financial
exigencies arising from the Mutiny, and partly to prolonged
discussions and surveys of the various alternative routes pro-
posed for the connecting line.
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CHAPTER VIII
¢ EAST INDIAN ’ RAILWAY AND HOOGHLY BRIDGE

Progress of Railways—Peculiarities of construction in India—Relative value of
land—Labour facilities—Manual labour—Small number of over and under
bridges—Level crossings, and employment of small bridges and culverts for
cross traffic—The large use of iron on Indian railways—India the country of
large girder bridges— Methods of founding piers and abutments—Foundation
well-sinking of native origin—Description of well-sinking—Erection of iron
girder superstructures—OQutline description of works on the East Indian
Railway—Flood-openings and bridges on the first section—~Monghyr tunnel
—Route followed by line—Bridge over the Sone river—Description of works
—Interruption by mutineers—Tonse bridge—Jumna bridge at Allahabad
—Delhi Jumna bridge—Detailed description of recent bridge over the
Hooghly near Calcutta—Sinking the pier caissons—Accident—Erection of
superstructure—Completion—General particulars of East Indian railway.

Wi have now traced in outline the history and fortunes of the
three earliest trunk lines of railway projected and constructed
in India. Inaugurated by the opening of the first 20 miles of
the Great Indian Peninsula line in the year 1853, the railway
system of the country has since steadily expanded, until 40
years later, in 1893, the total length of railways opened for
public traffic has reached little short of 17,000 miles, constructed
at a capital expenditure amounting to some 227 millions
sterling.

The practical construction of railways in India varies little in
general methods from those practised in other countries. The
leading principles of ordinary railway construction have been
already sketched in previous chapters, it will not, therefore, be
now necessary to do more than indicate such minor points of
difference in constructive details as may be more or less peculiar
to the circumstances of India. First then, owing to the

generally level character of the country—especially in the
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gatekeeper being provided at all vehicle crossings. The rail-
ways, as we have seen, are largely carried on embankment, and
the numerous drainage under bridges crossing the smaller water-
courses, being usually dry for a considerable portion of the year,
can be and are, largely utilised as cross-passages for foot-
passengers, cattle, and even for the ordinary vehicular traffic of
the country districts.

The use of iron in the construction of railways is probably
more largely resorted to in India than in many countries.
¢ Sleepers * of cast-iron, wrought-iron, or steel are greatly used
as a substitute for wood, owing to climatic conditions rendering
the softer kinds of wood sleepers liable to rapid decay, and to

-the difficulty of procuring seasoned hard-wood sleepers in suf-
ficient quantity. Although the advantage and economy of
masonry structures is fully recognised, iron and steel is also used
to a very large extent for the superstructure of railway bridges,
not only in those cases where the unavoidable size of opening
renders its use imperative, but to a considerable degree in cases

-where in other countries stone or brick archwork would be pre-
ferred. In many parts of India either stone cannot be econo-
mically procured, or good brick-earth is difficult to obtain, or
it may otherwise be that the conditions of sub-soil for founda-
tion purposes are not suitable for arched structures. Iron or
steel bridges of large average size are imposed by the magnitude
and conditions of the numerous great rivers of the country, and
India is consequently, in a pre-cminent degree, the land of heavy
iron bridgework for railway purposes. The foundations of
many of these large iron structures present some peculiarities
which may be here noted.

The most usual method of founding the abutments and piers
of large bridges in the sandy beds—extending often to un-
known depths—of the great rivers of the Indian plains is by
sinking cylinders, or wells, of brickwork, either singly or in
groups, on which the pier superstructures are built; or by
sinking the whole picr of an elliptical or other form by means
of well-openings or chambers provided in the mass of the
masonry. This system is one which is an improved and highly-
developed adaptation of old native methods practised in India
for centuries in the past. Nearly all the ancient bridges of
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more or less considerable depth, the foundation blocks are
commenced in iron caissons, of varying height to suit the depth
of the water, and numerous variations may occur in the special
means employed for forcing the wells through the sand or soil
of the bed below.

The particular methods adopted for erecting the iron girder
superstructures of large bridges have little or no distinctive
features in India ; these methods, there as elsewhere, are depen-
dent on numerous special or local conditions. Where the
height of the work and circumstances of the river admit, the
most usual arrangement is to construct between the piers a
timber staging of sufficient strength to carry temporarily the
weight of the ironwork until it is erected in place piece by
piece. In cases where the erection of staging in the river-bed
is inadmissible, various other expedients have to be adopted,
some of which will be detailed in the examples of particular
bridges which follow.

With the exception of a remarkable bridge erected in recent
years over the Hooghly channel of the Ganges, the East Indian
Railway from Calcutta to Delhi contains no example of
engineering construction of the first order of magnitude, but
probably few lines can exhibit a greater aggregate number of
difficult undertakings, such as in any other country but India
would be considered works of a large and important character.
The first division of the railway from Howrah to Burdwan, and
northwards to Rajmahal and the Ganges valley, traverses a low
portion of deltaic land, subject to extreme inundation from the
water-system of the country, where the drainage problems to be
encountered and solved by the engineers of the railway were of
exceptional and extraordinary magnitude. Over this wide
expanse of level country, subject to an excessive tropical rain-
fall, inundations from the flood-spill of the cnormous channel
of the Ganges and other great rivers, are often spread as a
vast sheet over miles of country, converting the whole district
into the semblance of an inland sea, from which only the
inhabited villages along the higher marginal levels emerge.
The formation of long lines of railway embankment, checking
the free movement of this expanse of waters, necessitated the
provision of an extraordinary number of flood-openings, built
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vating chambers (open from top to bottom), by two buoyancy
chambers extending its full width, and 15 feet wide. The
lower portions of the caissons, which were provided with
tapered curbs or cutting edges, were floated into position and
sunk through the water and soft silt of the river bed by the aid
of a pair of floating pontoons moored between them, the pon-
toons being furnished with suitable stagings and powerful tackle,
commanding the site of both piers simultaneously. As the
sinking progressed, additional sections were built on the top of
the caissons, until at length the bed of stiff clay selected for
the foundation was reached, and into this clay the lower edge
was forced, some 10 or 12 feet, to a depth of 98} feet below
the lowest water in the river. The whole interior of the
caissons was filled in solid with concrete and Dbrick-work,
brought up to the necessary level to carry the steel standards
on which the cantilever girders rest.

The many difficult operations connected with the sinking of
these pier-caissons were successfully carried out, but not entirely
without mishap. On the 16th April 1884, the lower portion
of one of them, drawing 32 feet of water, and weighing with
load some 750 tons, had been floated ready for placing in posi-
tion, when it was caught by a strong bore in the river. The
chain lashings by which the top had been secured to the pon-
toons, and the chain tackle of the up- and down-stream moor-
ings, were broken by the violent strains to which they were
subjected,and the caisson being released,was carried away by the
current, and floated nearly half a mile up the river, where it
grounded. By the aid of extraordinary exertions it was, how-
ever, secured, llghtened of 40 tons or so of cement brick-work,
and at length refloated by the evening of the following day,
being fortunately found to have sustained no serious injury, <0
that before very long it was again ready for deposition on its
permanent site.

The foundations of the two abutments of the bridge pre-
sented no unusual difficulties, and were sunk on two iron curbs
65 feet long, 28 feet wide, and 8 feet deep, divided into three
excavating chambers. On the Hooghly side the curb was sunk
about 40 feet, and on the Naihati side about 84 feet below the
river bank. The steel standards placed on the piers for carry-
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£261,178, or, stated in rupees, after deducting the cost of
plant and supervision, the total expenditure incurred on the
whole work is officially shown as Rs. 30,95,388.

The length of the main line of the East Indian Railway,
including the chord line of 186} miles, is 1205 miles. In addi-
tion, the main line has fifteen branches, aggregating 8203 miles,
most of which are short, except that from Allahabad to Jubbul-
pore, which is 224 miles in length. The total length of main-
line and branches amounts, therefore, to 15254 miles. Of this,
the distance from Howrah to Moghal Serai (the junction for
Benares) is laid double, which, together with some other short
lengths, brings up the total length of double-line to 474 miles.
'The earthworks and bridges are generally everywhere con-
structed for a double line, except the bridge superstructures.

The permanent way is laid with rails varying from 74 Ibs
to 82 lbs. per yard. Originally the line was laid almost entirely
with wooden sleepers, but cast-iron plate sleepers have since
been largely introduced, and are now mostly used for renewals.
About 1200 miles have also been relaid with steel rails in
place of iron. On the Jubbulpore branch wooden sleepers of
creasoted pine and sal are the most numerous. The East
Indian Railway was acquired by the State from the late
Guaranteed Lompam on the 1st Jammrv 1880. The working
and management is still, however, carried on by a company
under contract with Government.
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can be turned and stopped when necessary; the second is a
reversing station, situated at Battery Hill, in the 12th mile;
the third is at Khandalla, in the 14th mile ; and the fourth
at Lanowlee, on the summit level of the ghdf. At the revers-
ing station—by means of a turntable and sidings—the engines
are turned and brought round to the other extremity of the
trains, which then proceed in a reverse direction to that
from which they entered. The principal object of this arrange-
ment was to prolong the length of base, and to reach the
highest possible level before attacking the difficult features of
the main ghdt precipice lying between the reversing station
and Lanowlee.

At the commencement of the ascent from near Padushurree
the railway is carried, nearly in a semicircle, round the western
and southern sides of a long irregular spur projecting from
the ghdt range. Continuing to cling to some portion of this
spur, and gradually mounting by a stiff gradient of 1 in 40,
the line at the 10th mile reaches a narrow neck of hill con-
necting it with the main ghdt cliffs. At the end of this neck
the reversing station is placed, 1349 feet of the total height
being now surmounted, leaving 482 fect to be still climbed in
the last 43 miles before reaching the crest of the ghdt at
Lanowlee. Returning to the bottom end of the incline, the
railway, after passing some exceptionally heavy embankments
in the 2d and 3d miles, traverses a group of six tunnels,
the longest of which is 429 feet, and is then carried over the
remaining distance to Thakurwada station in the 6th mile bya
series of formidable works. Here, in a length of 2 miles, occur
eight considerable tunnels and five lofty viaducts. The largest
of these tunnels, through hard trap rock, is 1305 feet, the
remainder being from 147 to 873 feet. The viaducts are of
masonry, having four to eight arches of 50 feet span, the piers
reaching 77, 98, 129, and 143 feet in height above ground.
Beyond Thakurwada the railway, following a south-east line, is
carried for some distance along a natural bench or step on the
hill-side, without meeting any serious obstacle. Reaching the
8th mile, it is passed over two ravines by two viaducts of six
40-feet, and four 30-feet arches, having piers 48 and 88 feet
high, and continuing along the same bench, in the succeeding


















CHAPTER X

REMARKS, GORAI BRIDGE, DUFFERIN BRIDGE

Preliminary observations on some of the peculiarities and circumstances of
Indian rivers—Position of bridges—Design affected by character of the
river—Arched masonry bridges—Conditions rarely suitable—Iron struc.
tures—Bridge piers and abutments— Determination of minimum waterway—
Security of bridge abutments—Training works—Selected examples of large
or interesting railway bridges in India—The bridge over the Gorai river,
Eastern Bengal Railway—Particulars and details of construction—Sinking
the cylinders—Floating the girders into position—The Oude and Rohilkund
Railway—Outline of system—Particulars of bridges over the Ganges—The
Dufferin Bridge at Benares—Descriptive details of design—Erection of the
bridge—Preliminary work—Sinking the main pier caissons—Great depth
of foundations—Accident at No. 4 pier—Remedial measures—The minor
piers—Erection of superstructure, and completion of the work.

THE selected examples of large railway structures in India,
illustrated in this and the following chapters, are almost
entirely confined to iron or steel bridges of some magnitude,
carried over the great rivers of the country. It will serve,
therefore, to the greater interest of the reader, as well as to his
better appreciation of the more difficult problems occasionally
to be solved in connection with large bridge construction in
India, to preface this chapter with a few preliminary observa-
tions on some of the special peculiarities and circumstances of
Indian rivers, as affecting the general features of the design
and location of large railway bridges. In making these observa-
tions, however, no attempt is made to treat in a comprehensive
manner so exceedingly important and difficult a subject:
the observations are confined to the indication of a few broad
general features of bridge location and design, suited to the
general reader.

In selecting the exact spot for bridging a large river, the
%02
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superstructure of bridges, is sometimes imposed by local condi-
tions, amongst others, by any special liability of the district
to earthquake. :

The determination of the minimum waterway to be allowed
in the case of bridges over the larger class of rivers, especially
in the great alluvial plains of upper India, is attended with
many peculiar difficulties. As a rule, little or no means exist
of ascertaining the true area of the basin drained by these
rivers, especially if liable to receive spill water from other river
basins. Moreover, the areas are usually so enormous, and
subject to so many fluctuating conditions of rainfall, and
physical constitution, and the problem is complicated by so
many highly variable conditions, each affecting in some degree,
and some largely, the maximum flood discharge, as to place its
theoretical calculation at the best on a very empirical and
uncertain basis. In these circumstances the engineer, naturally
solicitous above all for the permanent stability of his work, is
apt to err on the safe side, and provide for a greater area of
waterway than necessary, rather than incur the risk of unduly
contracting the limits of the highest recorded flow in the
river during high floods.

It is rare in the plains of India to find a river flowing within
well-defined banks. A tolerably permanent high bank may
often be found on one side, behind which one abutment of a
bridge may be sccurely placed. 'The proper position for the
further abutment then becomes the difficult problem. In such
cases the main channel will invariably be found nearest the
high and more or less permanent bank, and the main openings
of the bridge will of course be there provided'; a less expensive
structure being designed as a continuation of the main openings
for such distance over the opposite low ground as may be
deemed necessary for sccurity. In all cases where the piers
and abutments of a bridge can be rendered perfectly secure
against scour, and capable of withstanding the concentrated
force of the severest floods, at a less cost than increasing the
lineal waterway of the whole structure, the length of the
bridge will be safely contracted, and the river will be largely
permitted to adjust its own sectional area to the discharge,
which it will do by scouring away its bed to the extent
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overthrown and submerged; one of these was, however, re-
covered, but the other was permanently lost, and had to be
replaced.

"The sinking of the cylinders through the alluvial soil of the
river-bed to the requisite depth, was effected by excavating the
earth from the inside of the cylinder by a rotating boring tool
9 feet in diameter, consisting of a disc fitted with blades and
cutters. The boring-tool was slowly revolved by a compressed-
air engine placed above, through an intermediate vertical
shaft, formed of a pipe 13 inches in diameter, placed inside
another line of piping 26 inches outside diameter; the annular
space between the two pipes being divided into a series of air-
jackets, making a hollow working shaft of great strength, and
practically self-supporting in water. The object of this in-
genious hollow shaft was for the purpose of removing the earth
by a strong current of water constantly flowing up the central
pipe. To establish this current, a 12-inch syphon pipe was
provided, the inner leg of which was immersed in the hollow
boring shaft, and the outer leg into the water in the river.
The air was exhausted from the syphon pipe, and being re-
placed by water, a blow from the bottom of the cylinder, up
the shaft, and out by the syphon, was at once set in motion;
in quantity proportionate to that discharged into the cylinder
by a pair of 13-inch centrifugal pumps. The soil of the river
bed, loosened and churned by the boring head, was discharged
together with the water, and by this means the cylinder was
gradually made to sink. The necessary additions to the length
of the pipe-shaft and the readjustment of the syphon, were
made from time to time, until the designed depth of sinking
was reached. The land cylinders, which were pitched in the
dry season, were sunk, by a modification of the same method,
through about 120 feet of the alluvial soil of the river-bed,
the necessary water being supplied by pumping.

The cylinders forming the piers being sunk, and finished off
at the requisite height of 50 feet above low water, the first
main girders of the superstructure were erected and riveted
up complete, in two parallel rows on the embankment of the
east approach to the bridge, and were rolled forward into
position by means of two powerful overhead lorries, from
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spans were successively completed and the temporary staging
was no longer required, the 114-feet girders were removed by
the pontoons, and carried to shore, where they were then com-
pleted, and lifted bodily into their final place by derricks. The
weight of a pair of main girders is 491 tons, and that of a main
span complete is 746 tons, or 5222 tons of steel-work in the
seven larger spans of the bridge. The extension spans weigh
127 tons each, or 1143 tons in the nine spans, making 6365
tons in the whole bridge. The cost of the steel superstructure
of the bridge complete, with road metalling and permanent
way, is given as Rs. 25,18,695, and the total cost of the whole
work as Rs. 48,91,151, exclusive of the railway and road
approaches.

On both abutments of the Dufferin Bridge block-houses
have been built, to contain troops for the military defence of
the structure. Construction work on the bridge was commenced
in January of the year 1881. On the 24th September 1887
the completed girder-work was tested with excellent results, by
a train, consisting of two engines, each weighing 88 tons,
placed in the centre, and loaded ballast wagons weighing 15
tons each, on each side, sufficient to cover one entire span of
the bridge. The total weight of the testing train was 206
tons. The bridge was formally opened for traffic on the 16th
December of the same year, by His Excellency the Viceroy,
the Earl of Dufferin.

The accompanying illustration, from a photograph taken
during construction, will give an idea of this remarkably fine
example of railway-bridge engineering.
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Excluding the two bridges over the Indus, some of the more
remarkable of these works are the ¢ Empress® bridge over the
Sutlej at Adamwahan, consisting of sixteen spans of 250 feet
each, 4210 feet in total length, with foundations carried 103
feet below low water, costing over 71 lakhs of rupees. The
¢ Sher Shah * bridge over the Chenab, consisting of 17 spans, of
200 feet each, 3650 feet in total length, with foundation-wells
carried 75 feet below low water, costing over 28 lakhs. The
¢ Alexandra’ bridge over the same river, consisting of 6+ spans,
of 1331 feet each, 9088 feet, or over 1} miles long, with founda-
tions 75 feet below low water, costing over 56 lakhs. The
¢Victoria’ bridge over the Jhilum at Chak Nizam—opened in
1887—consisting of 17 spans of steel girders, of 150 feet each,
2720 feet long, with foundations 82 feet below low water, cost-
ing nearly 193 lakhs. The ¢Kaiser-i-Hind* bridge over the
Sutlej, near Ferozepore—opened also in 1887—consisting of
27 spans, of 144} feet each, of new pattern steel girders, carried
on brick piers 26} feet by 14} feet, built on wells 23 feet in
diameter. The bridge is 4293 feet long, with foundations 78
feet below low water, and cost over 41 lakhs of rupees. Each
of these works, from the various character of the great rivers
crossed, presents features of the highest engineering and general
interest, but the space at command will only permit the above
cursory notice.

It is necessary, however, to furnish a more detailed sketch of
two very remarkable structures, either of which—as indeed will
many of those omitted—compares favourably with similar
erections in any part of the world. The works to which we
refer are, the rallwav bridges over the Indus at Attock, and
over a lower reach of the same river at Sukkur, the last of
these bridges, as regards magnitude of clear rigid span, was for
some time the largest in the world, and has since only in one
instance been surpassed. The railway bridge at Attock carries
a section of the North-western Railway running from Lahore to
Peshawur (near the north-west frontier), and also the Grand
Trunk Road, over the Indus river. This section of line was
originally constructed for purely military purposes: it was
completed as far as the Indus at the end of the year 1880, and
beyond that river to Peshawur early in 1882, but the magni-
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horizontally braced to each other. This temporary work was
completed, with some difficulty, in seven days. The permanent
girders were erected on sand boxes, sufficient camber, or rise
in the centre, being given in setting the lower booms, to allow
for the deflection of the bowstring staging girders. The pieces
were all run out by the useful overhead gear, and the work
of erection was practically completed in four and a half days.

T'he floor of the Lansdowne Bridge is formed of corrugated
deck plating filled with wood, so as to give a cartway on the
same level as the railway, which passes over the bridge by a
single line. A footway for men and beasts of burden is also
corbelled out on both sides. Work on this truly noble bridge
was begun on the anchors of the Bukkur cantilever in April
1887, but at first progressed slowly for want of the steel work.
From November 1887 the work of erection was rapidly pushed
forward until its completion and testing in March 1889. The
total weight of steelwork in the huge main span is 3316 tons.
"The total cost of the Lansdowne Bridge, including the threc
minor spans over the Sukkur channel, is given as Rs.33,46,720,
of which Rs.27,89,340 is the cost of the great cantilever span
over the Robhri channel.



CHAPTER XII

NORTH-WESTERN SYSTEM—KHOJAK TUNNEL—OTHER RAILWAYS

The Sind-Pishin section of the ¢ North-Western Railway ’—Outline of system—
The new Quetta loop by the Mushkaf and Bolan valleys—Rapid construc-
tion of the line from Ruk to Sibi—Hurnai Valley line—Extension of the
railway from Bostan to Chaman—The Khojak Tunnel—Largest railway
tunnel in India—Descriptive details of construction—Progress of the shafts
and headings—The rope inclines—Completion of the tunnel—Extraordinary
effects of an Earthquake—General particulars of the North-Western system
of railways—Outline of other railways—The Bombay Baroda and Centrl
India—The Tapti and Nerbudda Viaducts—The Rajputana-Malwa State
Railway of metre gauge—Principal structures and works—The Bengal,
Nagpur, and Indian Midland Railways—Principal works—The Railway

water-supply at Jhansi—East Coast Railway—The Bezvada bridge—Rail:
ways in Burma.

At Ruk Junction, situated only a few miles beyond the point
where the Lahore and Karachi trunk section of the North-

Western Railway crosses the Indus by the Lansdowne Bridge,
the Sind-Pishin section of -the same railway commences. The
main line of the latter, 335} miles long, has been constructed
as a frontier military line, and may be divided into two
portions. The first or level desert length of 133} miles, runs
from Ruk Junction to Sibi, situated near the foot of the
Beluchistan Mountains, and the mouth of the Bolan and
Hurnai vallevs. The second or mountain railway length
extends from near Sibi, vié the Hurnai valley, to Bostan
(situated a few miles north of the frontier military station of
Quetta) and thence procecds vid Kila Abdulla and the Khojak
Pass and tunnel to New Chaman, on the northern or Afghan-
istan side of the dividing Amran range of mountains, within

a distance of 70 miles of Kandahar.
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The main line and branches of this railway are constructed for
a single line, with flat-footed steel rails weighing 80 lbs. to the
yard, laid on oval pot sleepers weighing 80, lbs. each (except on
the length from Cawnpore to the Jumna near Kalpi—where
the rails are of 75 lbs. section). There is a large amount of
bridge-work of an important and costly character. The bridge
over the Chambul river (opened only in May 1891) consists of
twelve spans of 186, and two of 136 feet, carried at the great
height of 112} feet above low water, with pier foundations 75
feet below the same point. The cost of this work was 82,71,085
Rs. The bridge over the Jumna at Kalpi (constructed by
the State) consists of ten spans of 250 feet each, placed 76} feet
above low water, with pier foundations sunk 90 feet, and cost
Rs. 25,27,545. There are two bridges across the Betwa river:
one (Manikpur) opened in 1889, has thirteen spans of 150 feet,
with one of 60 feet, carried at 77§ feet over the lowest water—
the other (Laltipur) has nine spans of 150 feet. These bridges
cost Rs. 13,95,181 and Rs. 7,64,672 respectively. The bridge
over the Ken (Banda) has twelve spans of 100 feet each, and
one of 250 feet, carried at 66 feet above low water, and cost
Rs. 7,36,008. Besides these bridges there are numerous
others of considerable size. Between Jhansi and Gwalior some
heavy rock-cuttings over the Antri pass, with a bridge of nine
spans of 100 feet, and one of 60 feet, over the Sindh river. On
the Bina-Saugor branch the ruling gradient is 1 in 100. On
the main line the ruling gradients are 1 in 200, and 1 in 150,
and from Jhansi to Manikpur 1 in 125.

The principal centre of the Indian Midland Railway is
situated at Jhansi, from which place four separate lines of rail
radiate in different directions. The large railway staff of all
departments here collected forms a very considerable civil
population, and in order to provide water, both for the railway
locomotives and works, and for the staff of employés, some
extensive water-supply arrangements became necessary.  The
yearly rainfall in the Jhansi district is comparatively low and
fluctuating, and it was considered advisable to provide a suffi-
cient storage of water to meet all the demands of the railway
during scveral years of deficient rainfall. For this purpose a
storage reservoir, covering 150 acres of ground, and containing
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and will considerably shorten the journey between the two
cities. The portion of it at present under construction has a |
length, with branches, of 516 miles.

No allusion has been made in this volume to the lines of
railway constructed in Burma; these being outside the limits
of India. In concluding the present chapter, however, it may
be of interest to give a few particulars regarding the railways
in that province. The Burma railways are all of the metre
gauge, and emanate from the port of Rangoon. The ¢Irra-
wadi Line,” 161 miles long, extends from Rangoon to Prome,
and is laid with steel rails of 50 lbs. section for a distance of
291 (9 miles of which are double), and beyond with rails of
40 lbs. to the yard. The bridging is heavy, owing to severe
floods from the Irrawadi river. The ¢Sittang Line’ runs 166
miles from Rangoon to Toungoo, and is laid for a single track,
with steel rails of 41} lbs. section on wooden slecepers. The
bridging is especially heavy, there being 15,730 lineal feet of
waterway, or an average of over 94 feet per mile of line.
From Toungoo the ‘ Mandalay Line’ extends 220 miles to the
latter city, and is laid with steel flat-footed rails of 50 lbs. to
the yard. There are seven important bridges on this length,
each with three or four spans of 100 to 150 feet. The ¢Mu
Valley Railway * has been carried for 53 miles north of Man-
dalay, and is in course of construction for a further 2614 miles
to Mogaung.

The total mileage of railways open for traffic in Burma, in-
cluding branches, at the end of March 1892, amounted to 630
miles. The Irrawadi line to Prome was opened in the year
1877. The Sittang line to Toungoo in 1884-85; and the
extension to Mandalay was completed in the year 1889.
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trol exercised. In these respects, Indian Railway administra-
tion has perhaps from the very beginning been well in advance
of that in any other country of the world, and notwithstanding
the unfortunate circumstance that statistical details of expen-
diture are somewhat complicated by the unavoidable inter-
mixture of two standards of value, and that some apparent
confusion is occasionally created by the non-coincidence of the
financial and calendar years, it would not be too much to say
that the railway statistical returns of all kinds, published and
exhibited yearly under the system enforced by the Indian
Government are, on the whole, more perfectly clear, exact,
and valuable for every purpose of record and comparison, than
any similar returns that have yet been elaborated by any rail-
way or Government authority in existence. It would, how-
ever, be impossible to indicate—even in outline—within the
very limited compass of such a volume as the present, dealing
as it does not only with railways but with every variety of
public works—the system and principles on which the elabo-
rate accounts and comparative statistics of Indian railways are
compiled ; the attempt, moreover, would be a trespass on
ground of too special and technical a character.

Initiated on the 18th April 1853, with the opening of the
first section of the Great Indian Peninsula Railway, between
Bombay and Tannah, a distance of 20} miles, the Indian rail-
way system has steadily, and with a judicious rate of progression,
expanded, until its total mileage open for public traffic, is now
practically equal in extent to that of the United Kingdom.
Including all classified denominations, and gauges of line, the
mileage of Indian railways, on the 31st March 1892, reached
17,564 miles, of which 1116f miles only were laid with a
double track, and extensions equal to nearly 1700 miles were
in course of construction.

The gauge of all the earlier lines—which, as we have seen,
were constructed by companies working under a fixed Govern-
ment guarantee, was originally established at 5 feet 6 inches,
and this still remains the ¢standard’ railway gauge of India.
The first departure from it was in the year 1863, on the opening
of 271 miles of a railway on a special gauge of 4 fect, built by
the ‘Indian Branch Railway Company;’ afterwards the Oudh and
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fact, come to a decision on the subject; the metre gauge was
introduced into the country, and in the year 1878, 91} miles
of a trunk line (eventually extended to 1261 miles), viz. the
Rajputana-Malwa State Railway, was opened for traffic. From
this date the construction of metre gauge lines in India has
steadily progressed. They were introduced, on the score of an

urgent economy, as the future type for all Indian railways ; but

notwithstanding the supposed inability, in 1878, of the country

to continue the construction of the more perfect, and, in con-

sequence, more costly standard gauge lines, the relative length

of railways on the two gauges, built from the year 1873 to

1892, inclusive, have in round figures been as follows—broad

gauge lines 5000 miles, metre gauge lines 7000 miles. The

main trunk routes having been originally made on the broader

gauge, its continued use in a large number of cases became a

practical necessity, and India, although it has reaped some

possible advantages in the possession of a greater total mileage

of railways than it might otherwise so early have enjoyed, has

had to submit to whatever evils may have resulted from a break

in uniformity.

With the exception of the Rajputana-Malwa State Railway,
the metre gauge has been practically confined to feeders of the
larger lines, or to more or less isolated systems, and it is
probable that the evils of want of uniformity of gauge will be
very greatly mitigated or removed, when the aggregate of these
lines or systems throughout India are connected together in
such a manner as to form a complete internal network of
narrow-gauge railways, subsidiary to, and working within, a
main framework of trunk lines of the heavier description.
There is, in fact, room in India for both kinds of railways.
In more than one case, however, injudiciously located metre
gauge railways have been converted, almost on the eve of com-
pletion to the standard gauge, and the conversion of the
Rajputana-Malwa trunk line itself has been powerfully urged.
Moreover, the economy and advantage of the continued em-
ployment of the metre gauge, even for feeder lines, is still
seriously called in question by many persons. In addition to
the metre gauge, a small mileage of lines of special abnormal
gauges have been constructed in various parts of India, under






416 PUBLIC WORKS OF INDIA

It will be scen from this table that 17,564 miles of railway
of all classes have been opened for traffic in the thirty-nine
years previous to 1892, or an average throughout that period
of 450} miles per year, equal to an average rate of 1-44 miles
of railway per working day. Excluding the first quinquennial
period, the maximum mileage was opened in the years 1883 to
1887, and the minimum in the years 1868 to 1872 In
addition to the above it may be mentioned that there were in
existence at the end of 1891-92, 374 miles of steam tramways
outside municipal limits. The classification of Indian railways,
and the mileage worked under each class, on the 31st March
1892, are exhibited in the following table :—

CLASSIFICATION AND MILEAGE oF INDIAN RaiLways.

Standard Metre |Special

Classification of Indian Railways. Gauge. Gauge. |Gauge

Total.

Miles. Miles. Mi'les. Miles.

State Lines worked by Companies, . 33163 | s5088% 84041
State Lines worked by the State, . 3491 11463 | 633 | 4701
—
Total State Lines, . 6807} | 62344 | 633 | 13.105]
Lines worked by Guaranteed Com-
panices, . . . . . 2588} . * 25884
Assisted Companics, . . . . 1843 1363 | 59 379%
Lines owned by Native States and
worked by Companies, . . . 3994 122 713 5934
Lines owned by Native States and
worked by State Railway Agency, . 124 b » 124 !
Lines owned and worked by Native ’
States, . . . * 620} | 94 7144 |
Foreign Lincs, . . . . . * 58%¢ * 58}1
Total Miles, . . 10,103¢ | 71713 | 288% | 17,564 l
I

It will be learned from the above table that the State owns
13,1053 miles out of the total mileage of 17,564, of Indian
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generally, of the smaller classes of railways, and to the com-
parative absence on these lines of engineering works of the first
order of magnitude. The 5 feet 6 inches—or standard gauge
—railways form the main trunk lines of communication
throughout India; the metre-gauge lines, with the principal
exception of the Rajputana Malwa State Railway, are for the
most part subsidiary or feeder lines. On the broad-gauge
railways from 11 to 12 per cent. of their total length is laid
double, and on all the older lines, forming a large proportion
of the whole, the earthwork formation has been made for a
double track, as well as the bridge and culvert masonry in
many instances. On the metre-gauge, however, there is prac-
tically no double line, and little or no provision for doubling
the rails has been made. The broad-gauge railways of India
are, in point of weight and quality of permanent way, ballasting
and fencing, and in great respect also as regards station accom-
modation, fully equal to the best European lines, whilst the
majority of those of the narrower gauge are constructed with
light rails of 41} lbs. per yard, have as a rule a minimum of
station accommodation, and in many cases are unprovided—
at least for'many years after opening—with full ballast, and
are also commonly unfenced. Many of the lines of special
gauge are still lighter and less finished in these particulars—
especially in station accommodation—and have, moreover, in
many instances been laid on ordinary cart roads, with works of
a very limited kind.

On the standard-gauge railways, nearly all the heaviest
enginecring constructions and works of special magnitude are
to be met with, whether as regards the enormous bridges over
the principal rivers of the country—some of which we have
illustrated in previous chapters—or the splendid and costly
mountain roads for surmounting the Thul and Bhore ghats,
on the Great Indian Peninsula Railway, and the difficult
passages through the mountains of Beluchistan on the extension
of the Sind-Pishin Railway to Quetta and the Afghan frontier.
On the main trunk routes these difficult and costly under-
takings had of nccessity to be encountered, whilst in the case
of the majority of the metre-gauge lines—constructed for the
most part as subsidiary and feeder railways—the occurrence of
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Gross EarNINGs.
Gross Ean
Miscellan-
Gauges. Coaching. Goods. eous and Total Siles i?rgtel"r’lk
Steamboat. open.
| —
Rs. Rs. Rs. Rs. Rs.
Standard Gauge, | 553,25,243 | 1240,38,024 | 48,08,415 | 1840,61,732 | 10,047°73 | 18,3187
Metre Gauge, 216,93,010 | 313,59,838 | 19,58,026 | 550,110,874 | 6,946°68| 7,919°1
Special Gauges,. |  6,19,367 6,93,304 | 17,513 13,30,18¢| 388'3x| 46172
ToraLs—Rs. | 735,37,620 | 1560,81,166 | 67,84,004 | 2404102,790 | 17,282°72 | 13,910
The total ¢ working expenses® on all railways during the

year 1891 were 1180,38,471 rupees, distributed as follows:—

Workine EXPENSES.

l Worki Wotkmg '
: Gauges. nx;:':nﬁ. Miles open. m.le ol‘ rmlvmys
open. '

Rs. Re. |

Standard Gauge, . 831,03,801 | 10,047°73 827090 |
Metre Gauge, . . . | 290,82,250 6,94668 4186°50 '
Special Gauges, 8,52,420 288'31 2956°60 ’
ToraLs—Rs. | 1130,38,471 | 17,282°72 6540°60 .

The percentage of working expenses on gross earnings on
all railways taken together was 4702 per cent., distributed
throughout the various heads of service as follows :—

PercEnTaAGE OF WorkiNe ExreExses on Gross EARNINGS.

|

Main- Loco- | Carriage | x| General bi:cctaamn;i Total ,

Gauges. tenance, | motive, and hipingd Mo, | Miscel- r

" 4 ) wagon, |Per cent. | per cent. I pel
per cent. | per cent. neous, | centage.

per cent. per ceat.

- |
Standard Gauge, | 12'64 | 1509 4°36 687 | 405 2°14 | 45'15 l
|
Metre Gauge, . | 1369 | 17'79 4721 806 | 693 2'19 | 5287 |
Special Gauges, | 14°94 | 2040 | 608 | 1108 | 973 | 181 64'03 !
ToraLs, | 1289 | 1574 | 4°33 717 | 474 | 215 | 47°02 i
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The ‘net earnings’ realised were 1278,64,319 rupees, dis-
tributed over the three classes of railways as below :—

Ner Earnines.

Gauges. Net El{;nings, Miles open. N;etrg;ili:iz
railway open.
Rs.
Standard Gauge, . . |1009,57,931 | 10,047'73 | 10,047°83
Metre Gauge, . . .1 259,28,624 6,946°68 3,732°'50
Special Gauges, . . 4,77,764 28831 1,657°10
ToOTALS, . | 1273,64,319 | 17,282°'72 7,369°40

It will, from the above table, be deduced that in the year
1891, on every mile of open railway the net earnings of the
standard-gauge lines were as one rupee against slightly less
than 6 annas in the case of the metre gauge, or as £1 against
Ts. 6d.

The return on the whole capital expenditure on open lines,
including steamboat services, etc. during the year 1891, was
576 per cent. distributed as follows :—Standard-gauge lines
598 per cent.; metre-gauge lines 5°04 per cent. ; special gauges
542 per cent. The mean mileage worked during the year was
17,087-63 miles, and the total results may be summarised
as follows :—

GENERAL RESULTS, INCLUDING STEAMBOAT SERVICES AND SUSPENSE

AcCCouNTs.
Average )
Mean | Cqpital outla Gross Working | p, Net Per
Gauges. Miles P Vi| costPer | Earnings, | Expenses, . | Earnin cent on
worked. Rs. mile. R Rs. cent., AR |

Standard Gauge, [10,055'82 | 26,869,18,826 |162,696%|1840,61,732 | 831,03,801 45°15 1009,57,931 | 508
Metre Gauge, . | 6,695'22 | 5,149,13,408 71,425 | 550,10,874 | 290,82,250| 52'87 | 259,28,624 | 5°04
Special Gauges, 286°s9 88,09,682 | 29,875 | 13,30,184| 8,52,420| 6408  4,77,764 | 5'42

|
TOTALS, |17,037°63 |22,106,41,916 |123,795%|2404,02,790 [ 1130,38,471 47'0211273,64,3!9 5'76
\

# Excluding S boat and Susp
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The total number of passengers carried -by all the railways
in India, during the year 1891, was 122,855,377, and the
gross carnings amounted to Rs. 775,837,620, or Rs. 14,110
per mean mile worked. The number of passengers booked per
mean mile worked was 7211. The average distance travelled
per passenger was 45°98 miles on the standard-gauge lines,
and 38:17 on the metre-gauge railways. Of the total number
of passengers carried the two lowest classes constituted 9794
per cent., the second class 226 per cent., and the first clas
0-40 per cent. of the whole.

The total tonnage of goods carried was 26,158,953 tons, or
1535 tons per mean mile worked, and the gross earnings were
1560,81,166 rupees. The passenger mileage reached 5,226,107,
973 miles, and the goods ton mileage 4,438,992,431 ; the totsl
number of train miles being 60,800,165.

'The main results of working all the Indian railways during
the year 1891, divided over the three heads of gauge, will be
found detailed in Appendix M.

There are, as a rule, four classes of vehicles for passenger
traffic on Indian railways, viz. 1st, 2nd, 3rd, or intermediate,
and the 4th, or lowest class. The fares charged vary con-
siderably in working, but the schedule of maximum and
minimum fares for coaching traffic are as follows :—

Maximum Minimum
pies per mile. pies per mile.
First class, 18 12 equals 2}d. to 11d. at par.
Second class, 9 6 ,, 1l to 3d. .
Intermediate, 41 3 5 qed. to #d.
4th or lowest class, 3 1, gd. to 5d. ,,

The ordinary fares for the lowest class are from 2 to 8 pies
per mile, or from one, to one and a half farthings. A man
can, therefore, generally travel by railway a distance of 400
miles within the 24 hours, for the small sum of Rs. 4.2.8, or
say, 8s. 4d. at par of exchange. To get over this ground by
ordinary road journeys would take him from thirty to forty
days, and the humblest traveller would of necessity expend 8
greater sum for his daily food during this interval ; the
gencrality, even of the poorer class, would probably expend
double this amount.
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It will be of interest also to point out the number of per-
sons of all races engaged on the service of Indian open lines
of railway, as they are distributed throughout the various rail-
way departments. At the end of the year 1891 the total
number of persons so employed was 260,598, of whom 250,036
were natives of the country, 5936 were Eurasians, and 4626—
or 1775 per cent. only of the whole—were KEuropeans.
The distribution of the above number of persons was as
follows : —

DistrisuTioN oF Persons EMPLOYED oN INDIAN Rarrways.

Departments. Europeans. | Eurasians. | Natives. Total. ‘

|
|

General administration, including
agency, audit, accounts, stores,

medical, printing, police, etc., . 353 451 13,771 14,575 \
Traffic and telegraph departments, 1567 2197 54,625 58,389
Engineers’ department, . . . 486 491

Locomotive and carriage and
wagon, inclusive of steamboat

establishments, . . . . 2220 2797 69,639 74.633 \

|
J— - N — ., l
TOTALS, . . 4626 5936 260,056 | 260,595 |

112,001 112,978 \

Of the 260,595 persons employed, 198,225 were engaged on
the standard-gauge railways, and 62,373 on the metre-gauge.
The total number of railway stations throughout India was
2427, or 1489 on the standard, and 938 on the narrow-gauge
lines. The mileage open (of these two gauges) was 10,048
and 6947 miles respectively, so that the average distance apart
of the stations is 6775 and 7°40 miles.

The efficient training and employment of natives of the
country in the responsible positions of drivers or shunters of
locomotives, has for many years occupied the careful attention
of railway authorities in India; and it will be of interest to
the reader to note the gradual but steady increase in this
important class of railway servants during the ten years,
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breadth of the country with so great a rapidity, drawing
behind them such immense loads of vehicles, passengers, and
merchandise, can only maintain their vigorous life and energy
by a prodigious consumption of mineral or vegetable food, in
the shape of coal, coke, or wood. In the year 1891, the loco-
motive engines on Indian railways consumed no less than
1,036,498 tons of coal, and 363,171 tons of wood, coke, or
patent fuel. Of the coal consumed 216,822 tons were English,
and 782,664 tons were of Indian production.

Although coal was known to exist in India so long ago as
the year 1774, and was actually worked in 1775, it is only
- during the last twenty years—under the stimulus of railway
requirements—that any notable development in the exploration
and opening up of the chief coal-fields of the country has
taken place, and it has been ascertained that the area in India
over which the coal formation may be presumed to extend,is
not far short of 40,000 square miles. Most of the more im-
portant collieries are worked in connection with the railways,
and by direct or indirect Government agency. The yearly out-
put of this important mineral, from collieries chiefly situated
in Bengal, Assam, the Central Provinces, and the Nizam’s ter-
ritory, reached in the year 1891 a total quantity of 2,118,680
tons, as compared with 997,730 tons in 1881, of which—as we
have seen—782,664 tons were burned on the railways, the
balance going either to maintain the stocks in hand, or to in-
dustrial manufactures. A statement showing the quantity in
tons of coal produced in India during the last twelve years,
and the distribution of the output over the several provinces
of the country is subjoined in Appendix N.

In the year 1857 the Indian Government had opened 288}
miles of railway, which carried during the year two millions
of passengers and 253,000 tons of goods. By the end of 1891,
17,283 miles of railway were in operation, which carried during
the year nearly 123 millions of passengers, and over 26 million
tons of goods. As we have seen, the rates charged for pas-
sengers on these railways are as low as one farthing per mile,
whilst the goods rates range as low as one halfpenny per ton
per mile.

The centralised administration or control of Indian railways,
constructed also under a rigidly enforced system of standard
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wants of their great centres of population largely occupied
their attention. This evidence is given us in the numerous and
often vast ruins of aqueducts or other costly works constructed |
by them for this purpose.

In the East, whether in Palestine, Egypt, Arabia, Persis,
India, or China, the artificial water-supply of towns was un-
doubtedly studied and practised before the dawn of European
civilisation.

In India the art and practice of impounding the rainfall in
tanks, or reservoirs, is probably contemporaneous with the first
introduction of Aryan speech into that country. Owing to the
extreme dryness of the climate of India, this was the most
readily ‘available method of securing and storing supplies of
water in large quantity, especially in those parts of the country
where, during the seasons of drought, the natural water-courses
are cither dry, or exceedingly scanty in volume. In Hindustan,
all the larger cities naturally grew up along the banks of the
great perennial rivers, where water for the use of the in-
habitants was available in abundance. In the case of im-
portant towns or villages at a distance from the streams, s
supply of water for drinking and domestic purposes would be
largely derived from the subsoil by mecans of well-sinking, an
art developed and skilfully practised at a very early stage by all
the Eastern races ; but in order to obtain those larger volumes
of water necessary for the frequent personal ablutions, washing
of garments, and other purposes imposed by the religious
customs of the country, the construction of artificial tanks for
the impounding and storing of water in large masses, would
soon be resorted to, wherever the opportunity of so doing pre-
sented itself. These tanks, so numerous in India, are generally
supplied directly by the rainfall on their own catchment basivs,
but in some cases they doubtless were fed, either partially or
entirely—in early times as at present—by ducts or channels
led from the nearest, or most convenient permanent watercourse.
In most cases the tanks are found at or close to the villages or
towns; these, in fact, having in some measure grown up around
them ; but in many parts of the country instances are met with
of storage reservoirs, constructed at suitable places situated at
a distance from the towns supplied from them. In these cases
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pressure. Moreover, until the invention of the steam-engine,
there was no means of artificially raising large quantities of
water from a low to a high level. Ancient waterworks are,
therefore, all of the low-pressure gravitation type of con-
struction,

Subsoil wells were probably the earliest artificial source of
water-supply, and allusions to them are to be found in all the
most ancient human records. In China there exist numerous
ancient ¢ Artesian® wells of great depth. An ¢ Artesian’ well
consists of a bore-hole carried down through some impermeable
upper strata, into a lower water-bearing bed, the water in
which, being subject to natural hydraulic pressure, at once
rises, often to the surface, through the bore-hole. In many parts
of Europe, but especially in Southern Italy, ordinary wells of
depths often considerably over 100 fcet were constructed by
the early Romans. For a long time the city of Rome itself was
largely dependent on this source of supply, but as the popula-
tion of the city increased, and the Tiber became contaminated,
the conveyance of pure water from great distances was under-
taken, as testified by the ruins of many noble aqueducts con-
structed under the Casars, which still remain to fill the mind
of modern travellers with wonder and surprise. In almost
every country—for any length of time under the dominion of
the Roman Empire—the remains of often gigantic water-con-
duits exist, some of which are even at the present day partially
utilised for their original purpose. 'The Roman aqueducts
were, as a rule, boldly constructed works, carrying the water
collected from distant springs or lakes, in very direct lines,
through tunnels in the hills, and passing over intermediate
valleys in masonry channels carried on archwork, often in
several tiers one above the other, reaching very considerable
altitudes. The aqueducts had a regular gradient, or fall from
end to end, usually from 2 to 2} feet per mile. "They con-
tained in some instances enormous quantities of masonry con-
struction, everywhere lined with an excellent quality of cement.

One of the largest Roman aqueducts in Europe is the ¢ Pont
du Gard,’ which forms a portion of the conduit for the supply
of the town of Nismes in France. This aqueduct has been
thus described : ¢It consists of three tiers of arches, the lowest
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The Sun is the original dispenser, and the ocean—which
occupies more than two-thirds of the surface of the globe—is
the ultimate source of all water-supply. Under the influence
of the sun’s heat, chiefly within the tropics, where the heat
rays, being more vertical, are more intense, the surface-water
of the ocean undergoes continual evaporation. The aqueous
vapour ascending to the upper and cooler regions of the
atmosphere, forms those clouds which, driven by established
aerial currents over the land, are there under various condi-
tions of temperature and altitude condensed, and fall to the
earth in the form of rain, hail, snow, or dew. The great
volume of water thus derived—whether absorbed temporarily
into the soil, partially retained in lakes, or hastenjng again to
its distant birthplace in the sea, through those surface channels
which it has worn for itself, named rivers—becomes in onc
manner or another available for the service of man, and for
the refreshment of all animal and vegetable life. The supply
of water, therefore, available for human needs is immediately
dependent on the rainfall.

To all ordinary observers nothing appears more variable,
uncertain, and inconstant than the fall of rain, even in those
countries where, like India, it is plainly seen to be subject to
a gencral seasonable periodicity. Close investigation, however,
has clearly established that wherever accurate records, extending
over long periods of time, have been kept, it will be found that
the rainfall of any particular locality has a mean annual
average quantity, due to that locality, during such periods.
which will not greatly vary (local conditions remaining the
same) during similar periods in the future. It has also been
ascertained that if a reasonably correct estimate of this mean
annual average for any given place is required, it can only be
obtained on condition that accurate records of the actual rainfall
have been recorded for a period extending over at least twenty
vears, and that records for periods of forty to fifty years will
furnish a basis for a very close estimation of the real mean
annual average. Hence in places where no record of the rainfall
has been kept for the necessary length of time, a knowledge of
the mean annual fall, with the amount and duration of the
principal fluctuations above and below the mean—informatioi
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tically unlimited quantity, is placed at the disposal of the
people; the pipes are always maintained full of water under
pressure, and can be drawn from them at any time through
the taps or valves provided. In the ‘intermittent’ system
cisterns of a certain capacity are provided in numbers as may
be necessary, into which the water is turned on during certain
fixed hours ; the cisterns being provided with self-closing taps
which shut off the inflow of the water when they are full. In
England, whichever system is employed, the water is invari-
ably delivered into the houses. In India, however, it is more
usual, in accordance with the habits and customs of the people,
to employ a constant service, either at high or low pressure,

" delivering the water free of charge from standards erected at
convenient places in the public streets and open spaces, but it
is delivered also into the houses at special rates whenever
demanded.

In Europe, contrary to what might be supposed, it has been
found that the average consumption of water, including
wastage, is less under the constant than under the intermittent
system. As there can be no question as to the greater public
convenience, and greater cleanliness of the former, it is probable
that in all new works the employment of the intermittent
system will be almost cverywhere abandoned.

The engineer having estimated the proportion of the annual
rainfall that he can reckon upon for his purposes—which will
not be more than from 4 to 6 tenths of it, owing to absorption
into the soil and evaporation, and having liberally determined
the number of gallons of water per head of population that he
proposes to provide, can now proceed to the general design of
the contemplated works. If a main storage reservoir is con-
templated, he can estimate its minimum capacity, so that it
may be capable of supplying the requisite quantity of water,
not for one year only, but for such number of years as the
rainfall data with regard to the consecutive number of driest
years may appear to indicate, so that at no time there may be
serious risk of the supply running short. He can also deter-
mine the exact dimensions of the main pipes or conduits that
are necessary. If the water is to be obtained from wells, or
from a river by pumping, he can calculate the engine power
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situated at a great distance from the town to be served, con-
duits or open channels will be economical, but the great
expense of constructing masonry or other aqueducts acros
wide and deep valleys will certainly, or probably, necessitate
the cheaper expedient of cast-iron piping in the form of an
inverted syphon in such situations. Whatever may be the
means employed of conveying the water, the pipes or aqueducts
will usually terminate in a ¢service® reservoir near the town,
constructed in such a situation as to command the whole area
to be supplied by gravitation. The capacity of this reservoir
will be sufficient to contain at least several days’ supply of
water in order that the aqueduct may be occasionally laid dry
for necessary repairs. At the outlet of the service reservoir,
meters or appliances for exactly measuring the quantity of
water issuing from it will be generally provided, so that any
unusual consumption may be at once detected. From this
point, the distribution of water over the district to be supplied
will be effected by means of main and service pipes, provided at
various points with the necessary valves and fittings to control
and regulate the flow of water, and with standards or cisterns
to deliver it wherever required.

If the water should require cleansing and filtration before
distribution, this operation can be carried out at any point
between the source of supply and the service reservoir. In
order to get rid of the main mass of the sediment that may
be contained in the water, it is usually led or pumped in the
first instance into a settling tank, or tanks, where an interval is
allowed for the sediment to sink, and be deposited on the
bottom. The cleared water is then passed into a filtering
‘chamber, and is made to pass through beds of various filtering
materials, such as clean pebbles, coarse and fine sand, charcoal,
cte., after which it will be ready for distribution.

The reader will now probably have gained a general idea of
the more ordinary arrangements made for the water-supply of
towns, sufficient at least to enable him to follow the outline
descriptions of some of the chief works of this kind executed
from time to time in India, to which we will now proceed.
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250,000 persons. In the year 1850 it had grown to 556,000.
In 1857 it was estimated at 700,000, and by the last censws
of 1891 it had reached a total, including the city, island,
and cantonments, of 821,764. Before the construction of the
first water-supply reservoir, viz. that designated the ¢ Vehar
Lake’ in 1857-58, the population of the city was mainly
dependent for nine months of the year on the rainfall caught
during the monsoon in old quarry and other shallow excava-
tions which, being situated in the midst of a peculiarly dense and
dirty population, became so thoroughly contaminated, especially
during the hot season, that a charge ¢ for clearing dead fish from
the tanks’ was an item of annual recurrence in the accounts of
the town authorities. An almost constant prevalence of malig-
nant fevers and cholera epidemics, and an abnormal death-
rate, checking the natural growth of the population, was the
inevitable consequence of the extreme pollution of the only
drinking-water the lower classes could then obtain.

* The deficiency and impurity of the available water became
so great as to occasion serious alarm, both to the Government
and to the public, and the possible consequences of even a
partial failure of the local monsoon rainfall became so appalling,
that the most strenuous endeavours were made to search out
and discover, within a reasonable distance of the city, some
source of water-supply capable of meeting the growing demands
of the population.  The Island of Bombay, from seven to nine
miles long and three broad, is composed of a low tract of clayey
land, situated for the most part below the level of the highest
tides ; lying in a hollow between two low ranges of basalt hills
which run nearly parallel with each other at a distance of about
two miles apart. At the upper and lower extremities of the
island these parallel ranges of hills are united by raised sandy
beaches, clevated but a few feet above the level of the sea, and
formerly liable to be breached by the waves; a large portion
of the present area of the island was consequently at one time
a salt-water lagoon, or marsh, until the water was shut out by
artificial means, and it was gradually drained. On the north
and north-castern sides, the Island of Bombay is now connected
with the adjacent islands of Salsctte and Trombay, from which
it is only separated by a low mangrove marsh, by several road
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wants of Bombay was estimated at a daily consumption of
nearly eleven million gallons, or 4000 millions annually. At
the rate of twenty gallons per head per day this would suffice
for a population of 500,000 persons, whereas the population of
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Bombay was already estimated at nearly 700,000 (1856). It |

was urged, however, that the proposed supply would be in
addition to that derived from existing sources, and that financial
considerations were of paramount importance. On the other
hand, it was admitted that the extremely rapid rate at which
the population was increasing rendered it imperative that the
works should be designed with a special view to capabilities of
future extension, and that it was most desirable that the
reservoir should be made as capacious as possible, in order to
contain a reserve sufficient to meet the contingency of a defi-
cient monsoon,

The area draining into the Vebar basin, above the sites
proposed for the impounding reservoir embankments, is a little
over 6 square miles, capable, however, of being enlarged to
over 8} square miles by the extension of catch-water drains
along the western slopes of the boundary hills. It was con-
sidered that the mean annual rainfall over the Vehar basin
might be safely assumed at 124 inches—or that registered at
the sea-level near Tanna—and that deducting Jj of this fall, the
remainder, or 744 inches, would yicld an available annual
supply of 6600 millions of gallons from the smaller, and about
9000 millions of gallons from the larger area. 'The actual
storage capacity assigned to the Vehar reservoir was 10,800
million gallons, which, after deduction for evaporation and
absorption, would leave an available supply of about 9800
million gallons. As the annual rainfall available for storage
on the smaller catchment greatly excceded the consumption
of Bombay, it was calculated that the reservoir would retain
a volume of water, as a reserve, nearly equivalent to a two yean'
supply.

The detailed plans and estimates for the construction of the
Vehar reservoir were elaborated between the years 1852-56,
and the work of construction was commenced at the end of the
latter year. This large artificial lake, when filled to the level
of the waste-weir, has a maximum depth of 84 feet. It covers
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therefore, unfortunately inaccessible. That portion of the pipe
line passing through the puddle trench, is supported on cut
stone masonry set in cement. It is coated with 6 inches of
puddle, and is then arched over with 4 rings of brickwork;
two teak-wood washers being fixed transversely on the pipes to
prevent water from creeping between the latter and the puddle.

The sluice-house is situated at the outside foot of the em-
bankment. Here the large 41-inch main bifurcates into two
mains, each 32 inches in diameter. One of these branches only
was, in the first instance, continued into Bombay ; the quantity
of water delivered by it being considered sufficient for the
requirements of the population at that time. The length of
the 82-inch main from the Vehar reservoir to Bombay is nearly
14 miles, and its water was distributed throughout the town
by means of sub-mains and service pipes in the usual manner;
delivering water under a head of pressure varying from 165 to
180 feet, into the houses, as well as gratuitously to a large
proportion of the inhabitants by means of self-closing
conduits.!

The supply from the Vehar reservoir was first delivered into
the city of Bombay through the 82-inch main in March 1860.
The works had been originally estimated to cost £250,000, but
the final capital outlay on the project, including subsequent
developments, reached a total sum of £650,000, the ultimate
draw-off from the reservoir reaching a maximum of about 12
million gallons per day. No very long time elapsed, however,
after the completion of the Vehar scheme, before it became
cevident that further steps would very shortly be imperative to
augment the water-supply, owing to the rapidly increasing
trade and population of the city, due in great measure to the
opening up of the railways connecting Bombay with the
interior of the country.

In the year 1868, survey parties were sent out into the island
of Salsette, and into the mainland beyond it, to study and
report upon the most favourable sites for reservoirs, as well as
the most cconomical means of collecting, storing, and conveying
into the town, an adequate supply of water to meet the well-

! Alridged from a descriptive paper on the Vehar Water-supply, contained in
vol. xvii. (1857-58) of the ALin. of Proc. of the Institute of Civil Engineers.
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and the works which we are to open this evening. There will
not be a resident in the city, from His Excellency at Malabar
Point, to the dweller in the humblest native bazaar—who will
not be a gainer by what you have done. There is no result of
European civilisation in India, which I look upon with more
unmixed satisfaction than I do upon the great water-works,
which so many of our principal cities have lately called
into existence. I never look at a stand pipe in a dusty street
without feeling that here at least is something which our
civilisation has done for the country, and which has conferred
upon it an absolutely unmixed advantage. . . . I am glad to
congratulate your municipality on the readiness with which, as
the representatives of the ratepayers of Bombay, they have
faced the responsibilities of this great enterprise. There is,
however, a special reason for which it is satisfactory to be able
to dwell on the success which has attended municipal self-
government here. Bombay may claim for itself the credit of
having been the city which was the first to introduce into
India a true measure of municipal self-government, and when
the history of municipal institutions in this country comes to
be written, the Bombay Council Act of 1872, which for the
first time gave to your citizens a corporation, elected in great
measure by the ratepayers of the city, will certainly be regarded
as the most important departure of this kind which has yet
taken place in India. The completion of these works proves
that the municipal resolution of 1872 gave to your city some-
thing more than an ingenious paper constitution. It gave to
it a civic body capable of sceing the necessity of such a project
as this, capable of undertaking it, capable of carrying it
through under the supervision of its own officers.’

As an evidence of the firmness and stability of the financial
credit of the corporation and city of Bombay, it may be stated
that in the year 1885, when the Tansa water-works scheme
was determined on, the municipality was in debt to the extent
of £1,385,515, and its paper stood at 100§. In 1892 the
debt, after the complction and payment for the works, stood at
£3,565,255, and its paper at nearly 114.







456 PUBLIC WORKS OF INDIA

water to be taken either direct from the Ekruk reservoir, or
from the canals derived from it, but beyond studies and
estimates nothing was practically done until the year 1878, when
the municipality decided to adopt the scheme since carried-out
and when the necessary funds were easily raised in the open
market by a loan duly authorised by Government.

The existing water-supply scheme at Sholapur is essentially
as follows:—The water is drawn from the Ekruk low-level
canal, at a site situated in the fifth mile of its course, about a
mile and a half from the centre of the town, and is passed at
once into a settling tank, from which it is pumped -direct
through a rising main into two service reservoirs placed at
different levels within the town, from which, under a constant
service, the distribution is effected by gravitation. The popula-
tion estimate, according to a return corrected up to 1872, was
taken at 50,666 persons, and a daily allowance of 5 gallons per
head was assumed—or a minimum daily demand of 253,330
gallons. This low rate of consumption was estimated under
the consideration that the numerous wells and small tanks in
and about the town would be still available for washing
purposes. In the year 1881 the actual quantity of water con-
sumed, which admitted of simple and accurate measurement,
was recorded, and it was found that the actual average daily
consumption per head, for the eight months May to December,
was 4°52 gallons only, and the average daily consumption in
each month was 257,005 gallons; the largest daily consump-
tion being 5:14 gallons per head during the month of May.

It is certain, however, that during the first year, the popujation
would draw more largely from the older sources of supply than
they would do later, when the convenience and greater purity
of the new water was more fully appreciated, and it would not
in India, in ordinary cases, be sufficient to estimate the average
consumption, even of a small uncommercial town, at so low a
rate, without special provision being made for its augmentation
during the hot montbhs, or in times of drought and emergency.
T'his, however, was done in the case of Sholapur. 'T’he water
is taken from a permanent canal, derived from a large reser-
voir, in which the supply—so far as that town is concerned
—is practically unlimited, and the pumping power—to provide
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taken by buttresses projecting from the external wall, which
also serve to strengthen the latter.

The diameter of the low-service reservair is 82 feet on the
floor, and 85} feet at full supply-level, which is 12 feet above
the lowest bottom. The external wall is 10 feet high ; is con-
structed of uncoursed rubble masonry, faced with coursed work
on the outside face; it is 6 feet thick at the bottom, and 2 feet
6 inches at the top, the interior face having a batter or slope
of 1in 12, and the external face a curve of 17 feet radius.
The floor of the reservoir is situated at a height of 58} feet
above the floor of the settling tank, and its total capacity is
71,224 cubic feet, of which 68,711 cubic feet, or 1-69 days of
the estimated daily demand is available.

The supply pipe, 10 inches in diameter, discharges over the
reservoir wall into a small chamber, from which the water
passes over a ledge or weir into a second chamber, and thence
escapes through an opening into the main reservoir. The main
10-inch distribution pipe, and a cleaning or scouring pipe—the
latter carrying a vertical overflow—are each provided with
sluice-valves situated inside the reservoir, and worked from
above. They are both carried through the concrete foundation
below the main enclosing wall. Sluice-valves are fixed on the
main, so as to admit of a supply from cither reservoir being
cut off when water is being pumped into the other. Frequent
air-valves, along the line of piping, and a reflux-valve, situated
close to the northern gate of the town; about 3000 feet from
the pumping station, are also provided. Upwards of 33,000
lineal feet, or about 6} miles of sub-mains and service-pipes,
carry the water over all the principal parts of the town and
suburbs, and are furnished with the necessary sluice-valves, so
as to render each part of the distribution independent. The
water is delivered to the inhabitants by means of numerous
stand and pipe-posts, fitted with convenient push-cocks. The
pipe-posts are each fitted with twelve taps, and are only placed
in localities where the population is most dense, in order that
anumber of people may be able to draw water at the same time.

The Sholapur Waterworks were opened with some ceremony
by the Governor of Bombay on the 22nd July 1881. The total
initial cost of the project as completed was £21,718, or £161
short of the original estimate.
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persons. This channel passes in a south-easterly direction
through cuttings, and on embankments, for a distance of nearly
seven miles, with a fall of only 3 inches per mile, and delivers
the water into a circular well, 22 feet in diameter, situated near
Madras. From this well, or ¢ masonry shaft,’ a 42-inch main-
pipe extends towards the city for 4455 feet, and then divides
into two mains of 36 and 30 inches respectively. The water is
distributed to the population by means of numerous cistern
fountains, public standards, and wall taps, as well as into the
houses when demanded.

In preparing its distribution scheme, the Municipality decided
to adopt the principle of distribution by natural gravitation
in order to avoid the permanent expense entailed by the use of
steam-power for raising the water, and delivering it under
artificial pressure. This economy, however, was only gained by
a considerable sacrifice in the quantity of water, the latter
having to be drawn off from the Red Hills reservoir at a much
higher level than that originally contemplated, The settling
tanks originally proposed were also discarded. It had been
intended that the open channel should have a permanent
current ; but owing to the intermittent system of supply which
the altered circumstances imposed, the water in the channel was
frequently dammed up for long periods of twelve hours at a
time, the bed of the channel being thus virtually converted
into a settling tank, with a consequent rapid silting up, and
noxious growth of vegetation, together with numerous other
attendant evils.

The supply portion of the project appears from the com-
mencement to have suffered severely from the effects of floods
of unexpected severity, and from original errors in the methods
of construction employed in raising the older embankments of
the Red Hills and Cholevaram reservoirs, which entailed very
heavy outlay to render the new work sccure.

Water was first supplied to the city from the Red Hills
reservoir in May 1872, but it was soon universally admitted
that the supply system was far from satisfactory, and that the
works needed considerable remodelling. The principal im-
provements suggested appear to be, an off-take from the Red
Hills reservoir at a lower level; a closed pipe line to Madras
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native city. As this old work is a characteristic example of
native water-supply engineering, and is, moreover, one which
has been entirely obliterated and lost in the modern scheme
which has superseded it, a brief description of its original
essential features may be of interest.

The native reservoir at Ambajhari was constructed upwards
of a hundred years ago, under the Bhonsla Rajahs of Nagpur.
An earthen embankment, faced with a vertical wall of rubble
masonry, was reared across the valley of the Nag river (from
which the city of Nagpur derives its name), about 4 miles
south-west of the city, and near the small village of Ambajhari.
This name, meaning the ¢spring of the mango grove,’ points to
the probable existence of a considerable natural spring or
springs at this place, which may have led to the choice of the
site for the reservoir. The embankment across the Nag valley
was 2568 feet long, 20 feet in extreme height, and of an
average height of 12 feet. It was 40 to 60 feet wide on the
top, with a back slope of 1} or 2 to 1. The vertical masonry
wall on the water-face was built of basalt-stone, with numerous
semicircular or octagonal projections, or bastions, of similar
character.

Near the deepest portion of the reservoir, situated somewhat
towards the northern end of the work, the water was withdrawn
through a masonry passage, carried at a low level through the
embankment. This masonry passage projected into the re-
servoir for some distance beyond the line of the face-wall, ter-
minating in a series of steps. On either side of the projection
a broad flight of stone steps led down to the water from the
summit of the embankment. The discharge of flood-water was
provided for by two escape or waste weirs, one 100 feet long,
situated at the south end of the embankment, and a smaller
one, 28 feet long, at the extreme north end. The reservoir,
when filled to the escapes, had a water area of 237 acres, and
contained about 80 millions of cubic feet.

The arrangements for regulating the discharge of water were
as follows :—On the outer steps terminating the projection into
the reservoir of the masonry discharge passage was a series
of five holes at different levels, closed by wooden plugs.
The highest submerged plug being withdrawn, the water
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ran dry during the hot months, so that as a source of supply
for the city of Nagpur the works had become practically
useless.

Among the reasons which influenced the selection of the old
Ambajhari reservoir site as a suitable position for the contem-
plated new works, were the following: It was found that
above the reservoir there was an uncultivated gathering-ground
of over 6% square miles, consisting, for the most part, of only
lightly covered trap and other basaltic rocks, thus furnishing a
very clean and favourable surface from which to collect the
rainfall. The elevation of the site of the old reservoir was
moreover sufficient to command all but a comparatively small
portion of the native city by means of gravitation works, and
admitted in other respects of the construction of a very exten-
sive supply scheme at a moderate outlay.

The new project, elaborated in 1869-70, and subsequently
brought to completion in the year 1873, contemplated the
following main works, viz.: A puddle-trench excavated through
the heart of the old embankment, and cut for several feet into
the solid rock beneath, filled in with good retentive puddle to
prevent all leakage. An embankment raised about 17 feet
higher than the old one, completcly burying in its centre the
whole of the old work, including the masonry face-wall. A
new waste-weir, having an elevation and discharge section,
adapted to the altered conditions. Suitable arrangements for
withdrawing and controlling the exit of water from the
reservoir—now greatly enlarged by the raising of the embank-
ment and escape-weir—and in due connection therewith, a main
of cast-iron pipes, about 4 miles long, from the reservoir to the
city, together with a certain initial provision of distribution-
pipes and self-closing standards, the whole being estimated to
cost £36,554.

The execution of these works was commenced in the early
part of the cold scason of 1870. The centre of the puddle-
trench through the old embankment was placed at a distance
of 45} feet from, and approximately parallel with, the old
masonry face-wall. This trench was 3099 feet long, with an
average depth of 25 feet, and an extreme depth of 36 feet.
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1873, contained 2574 millions of cubic feet of water, with an
available storage of 240 millions, calculated to supply the
greater portion of the native city of Nagpur with 15 gallons
per head per day of 24 hours, during years of minimum rainfall
The completed cost of the project, including all incidental
charges and the distribution service as initially contemplated,
was approximately £40,000, or at the rate of 9s. 5d. per head
of population supplied.

The water-supply scheme as above outlined provided for the
wants of the larger portion of the native city of Nagpur; but
some of the higher parts of the town, together with the whole
of the adjoining civil station, containing a numerous and
increasing population, was not commanded by it ; still remain-
ing entirely dependent upon subsoil wells. After a severe out-
break of cholera in the year 1887, largely due to the scarcity
of water attending the failure of these wells, an extension of
the water-supply to those areas situated at too high a level to
be supplied by gravitation from the reservoir was determined
upon, and a project was drawn up for raising the additional
water required for the higher levels by means of pumping.

The calculations undertaken showed that, including a liberal
supply for the service of the Bengal-Nagpur Railway Company,
the total daily requirements for the proposed high-level exten-
sion was 438,400 gallons, or 70,144 cubic fect, equivalent toa
supply of 21 millions of cubic feet in 300 days, which was taken
as the largest interval of continuous drought. This require-
ment it was cstimated could be met from the existent Am-
bajhari reservoir; but, to allow for the natural increase of
consumption in the city, and still to retain the lowest water
level at the limit originally considered advisable, it was deter-
mined to slightly increase the storage capacity of the reservoir
by raising the crest of the waste-weir one foot, in order to
impound an additional 15 millions of cubic feet of water—a
demand which it was shown the drainage area of the reservoir
and the average monsoon rainfall could amply meet.

Under the new scheme, which was carried out and opened
for service in the year 1890, the level of the original waste-weir
was raised 12 inches, and its length was at the same time
increased from 200 feet to 457 feet, so as to greatly increase
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Lahore Waterworks 1877 to 1881.

Lanong, the capital of the Panjab, is a very ancient walled city
standing on the alluvial plain formed by the Ravi, a river
now passing about two miles to the north of the town, but
formerly running close under its walls. Like all ancient cities
on the plains of India, the accumulating débris of centuries has
gradually and irregularly raised its area somewhat above the
level of the surrounding country. The highest portion of the
elevation in the case of Lahore, and marking probably its
oldest seat, consists of a ridge running east and west on its
northern side. The city walls form a parallelogram, enclosing
a densely populated area of about 461 acres; the suburbs of
the town having in recent times rapidly extended themselves
outside the walls in every direction except to the northwards.
The total population within the walls, by the census of 1871,
was about 92,000, and in the suburbs 36,000, giving a total popu-
lation of about 128,000 persons. "T'he only source of water-supply
for this population was that derived from wells situated within

the densely crowded city area, and sunk into a subsoil saturated
472
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consideration. 'The Government and the municipality, however,
recognised the fact that the introduction of water-supply and
of drainage schemes made it imperative to do something to-
wards widening the streets ; it was in fact compulsory to make
a re-alignment where the principal mains had to be laid. To
avoid taking up more land than was absolutely necessary it was
decided to re-align that side of the street only on which the
pipes would be laid, and this was adhered to.’

The main features of the water-supply scheme actually
carried out at Lahore are the following: The supply of water
is taken from wells sunk, practically speaking, in the bed of the
Ravi river, from which it is lifted by pumps into a service
reservoir placed at such a height that every part of the city
and suburbs are supplied with pure water under a head of
pressure ; the distribution being by means of cast-iron mains
and service-pipes. On the northern side of Lahore, in the
form of a horseshoe, extends the plain of the Ravi. It is well
known that the valleys through which the Panjab rivers flow
afford a constant and never-failing supply of water. Below
their surface run, in fact, clear and sparkling underground
rivers, whose flow is continuous and inexhaustible at all seasons,
and it is this underground Ravi that has been laid under con-
tribution for the water-supply of Lahore. The northern plain,
selected as the most favourable and convenient position for the
supply-wells, was practically virgin soil, free from all organic
impurities, and as during heavy freshets it is liable to be
flooded by the river, there was no probability of the city ever
being extended on that side.

The quantity of water required for the daily service of the
city population, taken at 130,000, was 1,300,000 gallons, or
208,000 cubic feet, at the fixed rate of 10 gallons per head in
twenty-four hours, and from the result of some cxperimental
trials made on the site sclected for the wells, it was estimated
that a series of six—afterwards reduced to four—connected
wells, each 20 feet in internal diameter, sunk to a depth of 32
feet, and placed 300 feet apart, would yield this supply, as well
as a surplus quantity ample for the city demands for some time
to come : a supply, morcover, which could at any time be aug-
mented by sinking additional wells.
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The service-reservoir, 265 feet in length and 150 feet in
width, divided into two compartments by a division wall, was
constructed on a site selected on the highest part of the city
ridge. Itscapacity was calculated for a two days’ supply, when
full to a depth of 11 feet 6 inches. The ridge within the city
on which the reservoir is erected, was the only site sufficiently
high to allow the water to be delivered under an average head
of about 40 feet of pressure throughout the main distribution.
There were, however, some elevated portions of the same ridge
where the pressure would only admit of a street service, but as
it was deemed desirable that the houses in the highest parts
should be supplied, as well as an efficient fire-service, three
stand-pipes were erected on the north side of the reservoir, of
sufficient height, when water was passed over them, to effect
the object desired. This high service is capable of exerting a
pressure on the mains and service pipes of 50 feet over the
highest water-level in the reservoir, or a total pressure of about
90 feet.

The city area supplied was divided into five separate districts,
each having its own main, and system of street service-piping,
supplied dircctly from the reservoir, or high service stand-pipes.
The service pipes of each district are, however, connected
with the main pipe of the adjoining system, so that in case
of a stoppage of one main, the pipes can be supplied from
another by opening the necessary connections and closing
the stopped main. By this means also the water can be con-
fined to any one or more districts ; it can be made to circulate
freely throughout the entire system, and thereby establish a
better equilibrium of pressure, or in case of any abnormal
demand in one district, the adjoining mains can give it an
auxiliary supply. Altogether nearly twenty-two miles of main
and service piping, varying from 20 inches to 3 inches in
diameter were initially provided. Provision is everywhere
made for direct communication between the street service
pipes and the houses, into which water is dclivered whenever
desired, in preference to drawing the supply from the street
stand-posts, of which 300 were originally erected at convenient
intervals. One hundred and cighty street fire-hydrants of 2
inches diameter, were also furnished at convenient sites, so as
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of Karachi, had already for many years been admitted, and
several proposals for its improvement had been made and
rejected on various grounds, when, in the year 1868, careful
experimental trials were made to ascertain by means of pump-
ing: at what level 1200 gallons of water per minute could be
obtained from the underground flow of the Malir river. The
experiments made proved that the above quantity of water—
which was that necessary to supply the town of Karachi with
twenty-two gallons per head per day for a population of
80,000 inhabitants—could easily be obtained at no great
depth. A project was accordingly elaborated for supplying
the town with water to be derived from wells sunk on the
banks of the Malir river, and carried across the intervening
country by means of a main of cast-iron pipes, to a reservoir to
be built near the town. The total estimated cost of this project
was £152,000. Owing, however, to a great rise in the price of
iron in England occurring before the works were put in hand,
the scheme was indefinitely postponed, the money at the com-
mand of the municipality not being suflicient to meet the
increased outlay.

In the year 1873, the question of the water-supply was again
taken up, and in order to reduce its initial cost—the price of
iron being still high—it was proposed, in view of the cheapness
and excellence of the stone available in the neighbourhood of
Karachi, to substitute a masonry conduit, built underground,
in place of a cast-iron main. A new scheme, embodying this
substitution, estimated to cost £120,000, was prepared, but the
available means of the municipality—without recourse to a
loan, which was not desired—being limited to about £85,000,
the cost of the project was further reduced to that amount, by
a curtailment of the distribution system. On the completion
of the reduced scheme, however, the public appreciation of the
pure water, and the demand for it at remunerative rates was so
great, that the municipality at once applied for, and were
accorded permission to raise a loan for the execution of the
curtailed portion of the project, which was then carried out
with little or no delay.

The Malir river, which rises in the mountainous district
between Karachi and Schwen, drains a sparsely populated
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daily supply of water was 2,500,000 gallons, or 25 gallons per
head per day for a population of 100,000 persons. The rates
charged for private supplies, after the opening of the works,
varied from 5 to 1 Rs. per month, according to size of connec-
tion, or from 6 to 10 annas per 1000 gallons by meter. As
the water flows by gravity from the supply-wells to the dis-
tributing reservoir, there is no expense for pumping; whilst
the cost of maintenance, repairs, and establishments is at a
minimum. The scheme, therefore, should be a remunerative
one to the inhabitants and municipality. The Karachi Water-
works were formally opened to the public on the 21st April
1883, but were not fully completed until the year 1884.
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also contaminated by the neighbourhood of small tanks fed by
the surface-drainage of the streets; for many years, therefore,
an improved water-supply for Jubbulpore was a most urgent
want.

The history of the scheme carried out in the years 1881-84
may be shortly told. As far back as 1872, a special engineer
was deputed by Government to examine and report upon the
available sites—within a reasonable distance of the city—
offering facilities for the storage of water. A number of sites
were at that time reported on; but all proved in one way or
another unsuitable. In the following year, the Government
engineer then attached to the Jubbulpore Division, was in-
structed to make proposals for a water-supply scheme, and he
shortly afterwards submitted sketches of two projects to supply
the city by gravitation.

Of these proposals, one was rejected owing to the very
limited head of water available. The remaining scheme, which
formed the basis of that afterwards carried out, was to con-
struct a reservoir on the Khandari nulla, at a favourable site
situated about 7 miles from the city, and convey the water the
whole distance by means of pipes. The head of water in this
scheme was sufficient to command at good pressure all parts of
the native cityand cantonments; but its estimated cost amounted
to five lakhs of Rs., or £50,000 nominal, and the finances
of the municipality would not admit of so heavy an outlay.
The scheme was, therefore, in abeyance for some years. The
privations undergone by the city population in counsequence of
the deficient rainfall of 1878 were so great, that the improved
water-supply scheme, and especially the means by which the
necessary money could be raised, was earnestly taken up by
the local civil officers, with the result that arrangements were
shortly afterwards entered into with a local firm of wealthy
bankers, through whom the funds were obtained on fairly easy
terms. It is owing to the public spirit and liberality of this
firm that Jubbulpore is in great measure indebted for the
excellent water-supply which it has now enjoyed for more than
a decade.

The question of funds having been satisfactorily settled, the
necessary surveys and studies for the proposed water-works



























THE ELECTRIC TELEGRAPH IN INDIA
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with almost incredible speed from one end of a wire to another;
the signals being sufficiently varied to express letters of the
alphabet and the ten numerals, or particular combinations of
letters, words, or phrases, so that communications can be
made at any one place, and can be read off at another, even
although many hundreds of miles apart.

The apparatus of an ordinary aérial electric telegraph con-
sists of a line of conducting wire, or wires, of galvanised iron,
suspended on earthenware tubes or ¢insulators,” carried on
poles which are spaced at certain distances apart from station
to station. A single wire will serve for one circle of the
electric current ; it being found that the earth itself is a con-
ductor, so that if a current pass along a wire above ground, it
will return through the earth, provided the wire at each end is -
carried into the ground, and is attached to a mass of buried
metal. Each aérial wire will therefore form a circuit, and
carry a distinct set of signals. The electric current is generated
and is maintained by the use of galvanic batteries,—of which
several forms are employed,—the strength of which requires to
be proportionate to the distance between the extreme stations.
Many varieties in the kinds of signals, and in the methods by
which they are produced, have also from time to time been
introduced, and the rate of transmission of messages has been
greatly increased.

It is hardly possible to assign to any one person the merit of
originating this very valuable invention. Like many others of
like importance, it has been perfected by degrees from small
beginnings, and a considerable number of scientific men and
practical workers are each entitled to their due share of merit.
The following brief résumé of the early history of the electric
telegraph, abbreviated almost entirely from an interesting and
valuable paper read before the Institution of Civil Engineers
on March 2nd, 1852 (vol. xi. of Proceedings), will convey a
sufficiently clear idea of the early steps by which the infant
electric telegraph arrived at practical maturity.

The electric telegraph has its origin in the combination of
three separate yet correlative physical forces, viz., electricity,
galvanism, and magnetism. Its history is divisible into two
distinct eras ; the first era comprises all telegraphs in which
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the ten years, Urgent telegrams have increased in value by 92
per cent., Ordinary telegrams by 59-1 per cent. (sharing the
fate of almost every second class) and deferred telegrams by
247'3 per cent. The latter cheap form of message, in fact,
amply satisfies the needs of all the less important concerns in
business and domestic life, and its greater relative use may be
expected to steadily continue. In the ¢State® and ¢Press’
class, the percentage of deferred telegrams during the year
1891-92 is even higher than in the case of private messages.

The net additions to the system maintained by the Indian
Telegraph Department during the year were 1555 miles of
line, 6647 miles of wire, and about 2 miles of cable. The
total mileage of wire on the 38,625 miles of open lines was
120,159 miles (or sufficient to go more than five times round
the circumference of the earth), of which 40,999 miles were in
connection with the railway system, 76,819 miles belonged to
imperial lines, and only 288 miles were maintained for native
States ; the remaining mileage being classed under private or
provincial lines, or maintained in connection with canal
systems.

Among the more important of the electrical improvements
recently subject to careful experiment in India, are the use of
“dry’ batteries to test their suitability under the varying and
trying conditions of the Indian climate. The experiments
with this form of battery have been attended with a promising
degree of success, its chief merit being that it requires no
maintenance. The application and extension of the system of
duplex and quadruplex telegraphy over unusually long dis-
tances, has also made considerable progress, and the practic-
ability of working duplex direct through an iron wire between
Calcutta and Bombay, a distance of 1346 miles has been
proved.
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Important as harbour accommodation really is as a link in

the chain of inter-communication between India and the outer
world, the ports, harbours, and anchorages of the Indian coasts
are singularly few in number, and have, moreover, until com-
paratively recent years, received a far smaller degree of atten-
tion than has been so largely devoted to the internal com-
munications of the country. Much, however, has been done,
not only in the matter of surveys, and thorough scientific
investigation into the capabilities of all those places presenting
the most promising features for the construction of artificial
harbours,—whether as commercial ports, or as harbours of
refuge, and in the gradual improvement of many of them, but
also in the development on an extensive scale of the more
important of these places by means of heavy and costly works.
It is to these latter only—where works of especial consequence
have been undertaken—that we can here refer.
" Unlike most of the other great peninsule of the world,
India, although possessing upwards of 3600 miles of coast line,
is remarkably destitute of natural harbours affording accom-
modation and security to large ships. This disadvantage is,
moreover, augmented by the circumstance that at certain
seasons of the year the neighbouring seas are peculiarly liable
to furious tempests and cyclones, of exceptional severity.
Along the whole eastern coast of the peninsula—facing the
Bay of Bengal, from the head of the bay to Cape Comorin,
absolutely no really commodious natural harbour exists,
although at a few places, greater or less facilities for the im-
provement of natural features, and the formation of artificial
harbours are to be found. The Presidency city of Madras, the
most important centre on this wide stretch of coast, lies on an
exposed and open roadstead, and, until quite recent years, has
possessed no accommodation or protection whatever for ship-
ping.

At the head of the Bay of Bengal—in the Gangetic Delta,
the port of Calcutta is situated 100 miles inland, on one of
the mouths of the Ganges called the Hooghly, through which
the navigation is tortuous and difficult, and affords a certain
degree of accommodation for large ships. The port of
Colombo, on the west coast of the island of Ceylon, has been
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raising exceptionally heavy rollers and ground swell, although
unaccompanied by any very violent wind. The result of this
storm was to wreck nearly the whole of the outer, or breakwater
face of the harbour, from the elbows, or turns of the pier-
walls, where the injury was greatest, to the entrance on either
side ; the side piers, from the shore to the elbows, being but
little affected. In the case of this storm, the action of the sea
was sufficiently severe to undermine foundations at a depth of
22 feet under low water, an action far in excess of that hitherto
held possible by harbour engineers in England, where a depth
of 15 feet below low water was considered as safe against all
possibility of disturbance by the worst waves.

This regrettable incident caused a suspension of operations
for some time, and gave rise to a long discussion as to the most
secure methods of restoring the harbour. The recommenda-
tions of a committee, composed of eminent harbour engineers,
which was appointed in England in the year 1883, advising a
certain remodelling of the works, estimated to cost £430,000,
were eventually in the main adopted, after very considerable
opposition had been offered by the local, nautical, and other
authorities in Madras, who advocated the closing of the outer
or easterly entrance to the harbour, and the construction of a
new and wider entrance in the north-east angle. This pro-
posal, after a long discussion, was, however, overruled, and the
~ restoration of the barbour on the main lines recommended by
the English committee was ordered. The final estimate for
the restoration works reached a sum of £459,000, so that, with
the original outlay up to the time of the storm, the estimated
completed cost of the Madras harbour ranged not far short of
a million and a quarter sterling.

There is little of general interest that need be here referred
to in connection with the port of Calcutta. That portion of
the Hooghly tidal channel abreast of the city, chiefly occupied
by the shipping frequenting the port, is from 4 to 5 miles long,
and averages about 300 yards in breadth. A considerable ex-
tension of wharves and jetties along this water frontage has
from time to time been carried out by the port authorities,
and the provision of wet dock accommodation, somewhere at
or near Calcutta, is a question which in one form or another
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be raised in India by Government loan, and lent as required to
the local authority ; the interest charged being the actual rate
of borrowing—plus 1 per cent. for a sinking fund, to be in-
vested at the end of four years after the completion of the
docks. The work was accordingly undertaken, but whether,
under the conditions of the port, the number of ships using
the new Kidderpore Docks is likely to be such as to render
them a financial success, it is as yet probably too early to
determine.

Although the lighting of the coasts of India is by no means
perfect, a great deal has from time to time been done, especially
on the Burma seaboard, so that there are now probably upwards
of seventy lighthouses or lightships stretched along the great
extent of coast from the Manora light at Karachi to the
Malay peninsula. Some of the more important of these light-
houses occur on the coast of Burma, such as that erected on the
Alguarda reef, a short distance off the mouth of the river
Negrais. This graceful tower is 120 feet high, showing a
light 143% feet above high-water spring tides, and has a base
diameter of 42} feet. It was completed in the year 1865, at
a cost of about £100,000. The Double Island Lighthouse,
situated near the mouth of the Bassein river, 56 feet in height,
with a light 134 feet above high water, costing about £6000.
The Cocas Island Lighthouse, 72} feet high, with light 195
feet above sea level, built on Table Island north of the Cocas,
off the coast of Burma. This lighthouse is an iron-plated
tower, and cost nearly £12,000. The Khrisna Shoal Light-
house, in the Gulf of Martaban, is erected on iron screw-piles,
screwed to a depth of 24 feet into the sea-bed in 3 fathoms
of water at low tide, where it is exposed to the heavy seas raised
by the south-west monsoon. The tower is 84 feet in height,
and it cost upwards of £16,000. The Great Basses Light-
house, off the coast of Ceylon, is a granite tower, containing
37,365 cubic feet of that stone. It is 974 feet high, and cost
£64,000.

The ¢ Prongs’ Lighthouse at Bombay, about 14 miles to
seaward of the old lighthouse on Colaba Island, has already
been referred to. This tower, owing to the nature of the
bottom, was founded on a great thickness of concrete, enclosed






522 PUBLIC WORKS OF INDIA

orating the material conditions of life by advancing the average
wealth and wellbeing of the people, or by increasing industrial
activity and improving the public revenues.

The enormous increase given to the productive capacity of
the country by the labours of the engineer in India, is in
truth incalculable, and the improvement, there as elsewhere, is
plainly written on the face of the land, and in the wonderfully
increased resources of the Government on every side. Scientific
and practical engineers as a body, are commonly far too
absorbed in the details of their multiform occupations, and too
careless of the unconscious injustice and ingratitude with which
their arduous and exceptionally responsible labours are so
often requited by an unreflecting public, to go out of their
way to assert the true greatness and importance of their pro-
fession in relation to the world’s advancement. It is in back-
ward and undeveloped countries that its true value is the most
clearly exemplified, because it is in these, that the immediate
springs and sources of progress are the most clearly visible to
the public eye.

Mr. Alfred Milner, in his recent work on Egypt, relates that
when a native statesman, and one of those most intensely
opposed to British interference in the country, was asked by
him how he imagined the country would get on without the
English irrigation engineers, replied, ¢ You do not suppose that
if Great Britain were to retire from Egypt we should let the
enginecrs go /—I myself should be the first to do everything I
could to retain them.” The true sccret of the successful
financial administration of Egypt under British guidance was
here too patent to be overlooked or obscured, and found
natural expression in the above remark. The same author—
his own sympathies and interest lying naturally in the direction
of finance—admits that the efforts of the British financial
advisers in Egypt would have been thrown away but for the
work of the irrigation engineers, he says, ¢ We at the finance
office have, so to speak, registered that improvement in our
easier budgets and growing surplus, but it is the engineers
who have created it.” Among the numerous bodies of engineer
officers of all classes who, under the wise initiation or direction
of the Government, have for so many years been engaged with
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overturning of pernicious superstitions and caste trammels, which
to-day is so profoundly affecting the whole social life of the
heretofore stagnant races of the continent. To be assured
that this is so, it is only necessary to try and picture in imagi-
nation what would have been the present comparative condi-
tion of a poorly irrigated, roadless, and rail-less India.

The mean level of human progress and of human wellbeing
bears a direct proportion to the greater or less application of
the practical sciences to the purpose of relieving the necessities
and satisfying the wants and aspirations of man, and enlarging
the sphere of his possible activity : to the power he possesses
of favourably moulding his environment by bending the great
sources of power in nature to his service and convenience. To
realise this truth it is sufficient to contrast the rate of advance-
ment of the civilised nations of the world during the present
century with that of the whole antecedent historical period : to
compare the India of the present day with the India of forty
years ago. It is on the firm foundation of a steadily augment-
ing material prosperity created by the great public works of
the country, that the beneficent English administration of
India has its support, and it is on this foundation that it has
alone been possible to erect that magnificent superstructure of
moral government, which is at once its justification and the
admiration of the civilised world.
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other two sets of fibres. In such a case colour-blindness for the
said colour is said to exist.

Let us take as an example of this condition, a person in whose
retina the fibres for red are wanting. This person is incapable of
perceiving red in the sense that a normal eye understands it
But the fibres for violet, and those for green, will be slightly
stimulated by a red ray, and so he will receive an impression re-
sulting from the stimulation of these two sets only, and conse
quently a sensation of faint bluish green (a mixture of faint violet
and faint green) will result.

So we see that a person who is colour-blind for any particular
colour, really sees the complement of that colour ; and moreover that
the said complementary colour thus produced is much less brilliant,
ceateris paribus, than other colours for which he is not blind.

It has been independently observed by Professor Grossman of
Liverpool, by Dr. Edridge Green, and by Mr. St. Clair Buxton of
London, as well as by a well-known Swiss ophthalmologist, that
there are persons who may be blind for a certain colour when looking
at a luminous object (as for instance a signal-lamp) who are quite able
to see and recognise the same colour reflected from the surface of
an opaque, non-luminous substance (such as a flag). This is an
extremely rare form of colour-blindness, but its existence has been
proved. Its importance is obvious in considering the proper tests
to be employed in weeding out men unfit for railway service.

The usual test recommended for asccrtaining if any deficiency
of colour-perception is present, is that known as Holmgren's Wool
Test. It consists of placing before the candidate a heap of forty
or fifty skeins of Berlin wool, of various colours and shades of
colour. The examiner picks out one of the skeins, and directs the
candidate to match it in colour—irrespective of shade, with all the
other skeins which at all resemble it. Should a mistake be made,
the candidate is at once rejected, but should he accomplish the
task satisfactorily another skein differing entirely in colour from
the first is presented to him, with instructions to proceed as before.
A mistake will here again reject the man. A third skein is used
if the second ordeal is passed, on the same terms as the other
two.

Many railway companies have hitherto been singularly lax in
their methods of examining men for colour-defect. They have
often satisfied themselves with directing a foreman to test the
man with a so-called  test-card.” This is merely a stout piece of
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by moving the arm of a lever, and a metal disc placed vertically
in front of the lantern. The disc turns upon its axis at the
pleasure of the examiner, and it carries a number of coloured
glasses set in small apertures near its periphery. Light from the
lantern can only pass through one of the coloured glasses at any
given time, and the candidate (who has previously been tested
with Holmgren’s wools) is required to match a skein of Berlin wool
with any similar colours he may be shown in the Telechrome,
irrespective of their brilliancy. A colour-blind man who has
managed to pass the Holmgren wool portion of the examination,
thus finds himself confronted by a far more severe test, and one
which he cannot be ¢ coached up’ in. A faint-coloured ray from the
Telechrome is more likely to be confused with its complementary
colour in Berlin wool, than would two skeins of Berlin wool each
complementary to the other. In using the Telechrome, therefore,
the examiner shows each of the coloured rays (not in regular
succession, but in irregular order) several times, and each time
with different degrees of luminosity. If the candidate shows no
hesitation in matching or rejecting colours when given first a red
skein, then a pale green one, and finally a buff one, it may be
safely taken for granted that his vision is normal.

It was stated in evidence given before the committee recently
appointed by the Royal Society to inquire into the subject of
colour-blindness and colour tests, that no candidate who had once
failed to pass the Admiralty colour-tests,.-had ever succeeded in
satisfying the examiners on subsequent occasions.

_ No test, however good in itself, can be relied on unless the skill

and knowledge of the examiner are beyond question. The time
and care necessary to employ any test adequately is necessarily
long and great ; but is of small moment compared with the serious
risks to life and property which must be incurred, when men are
intrusted with the charge of trains, without having been sub-
jected to the most searching examination.
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Ballast on railways, 264, 265.

Baluchistan, quantity of coal produced
in, during 1887-91, 546.

Bangalore, base of verification measured
near, 39, 40; a base for the survey,

» 5 o

Ba.erilly district, roads constructed in
the, 1839-44, 85.

Bari Doab Canal, 138-140, 527 ; head-
works, weir, etc. of, 139 ; totallength
of, 140; constructed under Shah
Jehan, 128; inundation canals for-
merly numerous in, I111.

Barur Tank Canal, 1890-91, 530.

¢ Base- line6 in land surveying, 26, 49-
sI, §

Base- lmcs established dunn% progress
of Great - Trigonometrical Survey,

38, 39, 49, 42, 44, 46, 47, 48

river, connected with inundation
canals, I11, 112 ; bridge on the
North-Western Railway, 541.

Beder, a base of the survey, 48, 49, 56

Behar, rainfall in, 107; Amﬁcml irri-
gation in, 169.

Behea Canal, branch of the Sone, 177.

Bembo, Cardmal 497.

Bengal Presndenc) , early survey of, 35;
remains of ancient roads in, 70;
water-carriage system of eastern, 86 ;
rainfall in eastern districts of, 107 ;
quantity of coal produced in, during
1880-91, 546 ; canal system in, 169-
171, 529, §33; irrigation works of,
169-182 ; general results of irriga-
tion works of, 180, 181.

Bentinck, Lord William, road construc-
tion inaugurated by, 73, 81.

. Beosi, bridge over the, near Saugor,

93, 94-

Berars, Roads in the, go.

Berkeley, James, railway engineer,
surveys of, 314, 315.

Berm, a horizontal bench of earthwork,
467.
Beropa river, weir on Orissa canal at, |

174.
Betwa Canal near Paricha, 167, 168, l
§528. .
Bezvada, anicut on Kistna river at, |
191 ; bridge on East Coast Rallway
at, 409. :
Bhandaras, ancient weirs, 116. I
Bhasavul, junction station on Great '
Indian Peninsula Railway, 351, 352. !
Bhatghar Rcservolr, 210, 211.
Bheema river, bridge over, 359.
Bhima Bndge on Southern Mahratta '
Railway, 542. l
Bhore Ghat, 418; military road through

PUBLIC WORKS OF INDIA

the, 80, 315; pro railway by,
00, 314, 3IS, il s mclme of Gret!
ndian Peni way

th
353-358; tunnels of 5433 n’ﬁfm
in, 35
Bhon"tonk, tunnel of, 543.
Bigari Canal, Scinde, 205, 531; on
the Indus below Sukkur, ancient,
111,
or Canals in the Moradabed
trict, 168. .
Bijayaan, Rajahs of, 115.
Blane, (,gau Feroze Shah’s Hissar
Canal nstored by, 136.
Blenkinsop, Mr., invention of, 228.
Block-system of signalling on railways,

Bi

, 287.

Board of Trade requirements anent
railways, 245-249.

Bol;; Pass, construction of railway to,

t]

Bo:’:nbay, annual rainfall i in, 108, 447;
trunk road between, and Agrs,
constructed, 85; Presidency, roads
in, 91; a port and railway centre,
299 ; experimental railway from, to
Callian, 309 ; station of Great Indian
Peninsula Railway in, 347, 348;
commercial harbour of, 509, 510;
¢ Prongs’ Lighthouse at, 520, 521;
population of, 445, 446, 447 ; Presi-
dency, bhandaras or ancient weirs in,
116 ; canals, general results, 212-
215 ; Proper, canals of, 206 ; Presi-
dcncy, irrigation works of, 204 Zlis
Presidency, canals and pubhc wor
of, 1890-91, 532, §33; deficiency
and impurity of water in, 446;
waterworks, 1856-1892, 445-454.

Booking-office on railways, 278.

¢ Bor Allee’ of Assam, 71, 72.

Brahmani Delta, Irrigation of, 171,
172 ; bridge on East Indian Railway,
331.

' Braithwaite and Ericson, locomotive

of, 234.

Bnmhope Tunnel, near Leeds, 261.

Breakwater at ’\Ianora, Bombay, con-
struction of, §11, §12.

Bridges :—

Bridges and roads, annual expen-
diture on, §5; on Indian roads,
types of, 925 built in Bareilly dis-
trict, 1839 -44, 85 ; on line of Grand
Trunk Road, 82, 83; in Mysore,
remains ofancient, 70: constructed
by Mogul Emperors, 68 ; in India,
conditions affecting site and form
of, 362-364; method of founding
piers of, in sandy beds, 328, 329;
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North-Western Railway 389, 390,
5471 ; Sutlej,on North-Western Rail-
way, 382; over the Tambrapurni in
Tinnevelly, Palamcotta, 95 ; Tapti,
on Bombay, Baroda, and Cen-
tral India Railway, 405, 539 ;
TaPti, on Great Indian Peninsula
Railway, 352, §39; over Tonse
river on East Indian Railway, 336;
Tungabhadra, on Madras Railway,
360, 539 ; over Firth of Tay, 261 ;
Weingunga, on Bengal-Nagpur
Railway, 91, §40.
Bridgewnter, Duke of, on beginning of
railways, 226.
Buckingham Canal, the, 199-201.
Bukkur, island of, 390, 395.
¢Bunds’ or embankments, roads in
Assam built as, 71, 119,
Bungalows, Staging, provided on public
roads, 78, 79.
Burma, extension of survey to, 55;
railways of, 410,
Buxar Canal, branch of the Sone, 177.
Byapur - Kistna Bridge on Southern
Mahratta Railway, §42.
Byculla, locomotive workshops, etc. of
Great Indian Peninsula Railway at,

347

CAILLE, Abbé de la, 44.

Calcutta a base for the survey, 46, 50,
51, §3. 54, 35 50, §7; ‘Calcutta
longitudinal series ' of triangulations,
4o, Caleutta-Darjeeling Road, 86
Caleutta and Eastern Canals, 1793
a port and railway centre, 299 ; its
pwsition as a railway terminus, 317,
318 experimental railway from, to
Pandua, j00: Port of, 308; pro-
vision of dock accommaiation at or
near, 318, 310

of native, 123, 124,
Calitan,  juneiion - s
Indian Pemnsuia Rail
Canals
scanal AW ihe Tor

Waler or Rl
means oty 10

sources of

133, 1428w
131, 1323 steps s oo oon

134, 135 cammyviny of ower other

QN *waste weirs,” deseription
I

aion on Great

watercourses, 134; dams, weir,
and scouring-sluices on, 133, 143;
list of projected, 214 ; aqueduct.
See Aqueduct,

A{a, the, 165-167, 528 ; Aurah,

ranch of the Some, 177; Bai
Doab, construction of the, 138
140, 527; in the Bari Doab cou-
structed under Shah Jehan, 128;
Barur Tank, 1890-91, 530 ; Behes,
branch of the Sone, 177 ; system
in Bengal Presidency, general out-
line of, 169-171, 529, 533 ; Betwa,
near Paricha, 167, 168, 528;
Bigari, Scinde, 205, §31; ancient
Bigari, on the Indus below Suk-
kur, 111 ; Bignor, in the Morada-
bad district, 168; in Bombay
Presidency, 532, 533 ; of Bombay

roper, 206 ; Buckingham, in

fadras, 199-201 ; Buxar, branch
of the Sone, 177; Calcutta and
Eastern, 179; Chenab, 142, 143,
527 ; Chowsa, branch of the Sonc,
177 ; Cochrane’s 199, 200; the
Desert, 205; Dumaon, branch of
the Sone, 177 ; Dun, between the
Jumna and Ganges 168 ; the Eden,
180; Ekruk Tank near Sholapur,
455-457, 532 ; Fuleli, from Hyder-
abad, 111, §31 ; Gaja Guni, fed by
a dam, 111; from the Ganges,
detailed account of, 147-159;
Lower Ganges, 101-165, §28;
Upper Ganges, 528 ; Ghar, 1359-
90, 531 ; ot Gouavery Delta, 189
191,530 ; the Hathmati, 211,
212, 332; Hidgellee udal, 17%,
1709, 529 ; Hissar, restoration vi,
130; Husli, 135; Hyderabad,
13%9-90, 331 ; inundation, in the
Indus hasin, 204; Jajepore, the,
174 : Jamda, in the Deccan, 207;
Saah jehan’s, restoration of, 1303
Jemna, 17; the Eastern Jumna,
140, 147, 105, 523 ; Western
Jumna, deveiopment and con-
straction  «f the, 130-138, 527;
from jumca to Hissar cunstructed
by Feroze >hak, 126; on left bank
of Jumna construciea by Ali Mur-
éan Khar, 123; Kadva River
Worxs, 1392-91, 532 ; Kanwah, on
the Suiiel, 1125 Aarachi, 1n 1889-
o2, 531 : Kaveri Del:a, 186-189,
33°: the Kensrapumi, 1745 ol
\ina cella, 191, 192, 530; the
23, X7, 532: Kurmoel-
zpah, 1Q4-199, 330; the
Msizuzazn, 1505 in Mauras Pre-
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river, 202 ; across the Chapri, 181 ;
across the Chuli ravine, 181;
‘needle’ system of, 144 ; and weirs
on canals, 133.

Damuda Bridge on Bengal-Nagpur
Railway, 407, 540.

Dehra Doon, northern base of the
Great Trigonometrical Survey fixed
at, 47, 481 51, 53, 54, 5 57.

Dehree, weir across the Sone at, 176,
177, 178.

Delhi to Jaganath, native road from
70 ; water-supply scheme for, 491;
Delhi-Jumna Bridge on East Indian
Railway, 5§39 ; details of, 338, 339.

Delta irrigation schemes, 183 ; forma-
tion of a river, 171, 172.

Desert Canal, the, 205.

Dharwar, road constructed to, from
Karwar, §13.

¢ Dhodur Allee’ of Assam, 71.

Diameter of the earth, determination
of the, 59.

Diamond Harbour, Calcutta, ,docks
proposed at, §19.

Divggs employed at Attock Bridge,

386.

Dixon, Colonel, storage tanks of Raj-
putana initiated by, 181.

¢Doab’ or interfluvial tract, 132, 143 ;
percnnial canals of the, 130, 134,
142. See also Bari Doab.

Dock, dry, at Bombay, 510.

Dorabavi Bridge on Southern Mah-
ratta Railway, 542.

Double Island, Lighthouse at, 520.

Dowlaishweram, weir or anicut on
Godavery at, 1893, 190.

-Drivers, native, numbers of, in 1881-

15901 425.

Dufferin Bridge, Benares, on the Oudh
and Rohilkund Railway, 371, 540;
preliminary considerations, 372, 373;
commencement of operations, 374 ;
piers of, 373, description of, 375-
378 ; superstructure of, 373, 374,
378, 380 ; total cost of, 380.

Dumaon Canal, branch of the Sone,

177.

Dun canals between the Jumna and
Ganges, 168.

Dwarka Bridge on East Indian Rail-
way, 331.

Dyar, H. G., electrician, 497.

EARTH, attempts to ascertain the curv-
ature of the, 58-60.

Earthquake shock in Khojak Tunnel,

Eden Canal. the, 180.

Eeb Bridge on Bengal-Nagpur Railway,

5490.

Ekruk Canal, near Sholapur, 455, 456,

57, 532 ; Tank, near Sholapur,
208, 455, 457.

Electric telegraph. See Telegraph.

Elphinstone, Lord construction of roads
proposed by, 73.

Embankments on Rallmys, 258, 259.

Empress-Sut‘lherj Bridge, Adamwahan,
on North-Western Railway, 382, 541.

Eratosthenes of Alexandria, 58.

Everest, Colonel, succeeds Colonel
Lambton on the Great Indian Trigo-
nometrical Survey, 42, 44 ; his work
on the Great Trigonometrical Survey,
41-51.

Everest Mountain named after Colonel
Everest, 51.

¢ Experiment,’ coach called the, 232.

FAMINE, expenditure on railways for
relief of, 12, 13 ; of 1837-38, Western
Jumna Canal and the, 138 ; of
1876-77, relief works during, 200.

Fares, passenger, on Indian railways,
422.

Fernel, Jean, attempts to ascertain the
size of the earth, 58.

Feroze Shah, irrigation works of, 126,
127 ; canal of, at Hissar, 136.

Ffrench, Captain, political officer of
Nimar, 181.

Fife, Colonel, reservoir scheme of, 208.

—— Reservoir near Poona, 208.

Fog-signals on railways, 288.

Forth g:-ldge, the, 261.

Foundation-wells for bridge-piers, 329.

Fuleli canals, Hyderabad, 111, 531.

GaJAa Guni Canal fed by a dam, 111.

Ganges, enormous flood-spill of, 330,
331, 332, 372; canal, upper, 528;
lower, 160, 528; lower, weir of,
161 ; scouring sluices, 162; aque-
ducts on, at Nadrai, 162-165; for
irrigation of the Jumna Doab, 147-
159, 165 ; head works of, 148;
sluice-gates of, 148, 149 ; branches
into two, 149; carried under the
Ramipore torrent, 149 ; carried under
the Patri river, 150; joins Rutmoo
torrent, 150; aqueduct over the
Solani valley, 1§51-157; opening of
the, 158.

¢ Gauge’ of a railway, 266 ; adopted on
East Indian Railway, 318.

Gauges of earlier Indian Railways,
412-414.

" Gates on roads across railways, 262.
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voir, 487, 488; total cost of, 488,
489 ; Khandari, dam at, 486 ; popu-
lation of, 483 ; Great Deccan Road
to, from Mirzapore, 85; road
- between, and Nagpur, 91, 96.
Jubilee Bridge over the Hooghly, near
Calcutta, 340, 539 ; total length of,
342; superstructure of, 342, 343;
piers and pier caissons of, 343, 344 ;
steel standards and girders of, 344,

345.

Juhas, a ship, 127,

Jumna, canals from the, 17; the Agrn
Canal from the, at Okla, 165-167 ;
canal on left bank of the, constructed
by Ali Murdan Khan, 128; Eastern
canal, 146, 147, 168, 528; Western
canals, development and construc-
tion of, 136-138, 527.

Junctions on railways, 248.

KaIser-1-HIND Bridge at Ferozepore,
on the North-Western Railway, 382,

541.
Kabra Tank in Mairwarra, 181, 182.
Kadva, river works, 1890-91, §32.
Kalerun river, irrigation works in delta
of, 183 ; anicut on the, 187, 188.
Kaliana, observatory established at, 48.
Kalganpur, observatory established at,

48.

Kali Nadi river, the Nadrai aqueducts
over the, 162-165.

Kalpi-Jumna Bridge on Indian Mid-
land Railway, 408, §40.

Kanhan, bridge over the river, at
Kamthi, 91, 540 ; description of, 96;
construction of, 98, 99 ; foundations
and cofferdams of, 99, 100; piers
and abutments of, 101; timber
centres and arches of, 102, 103;
upper line of, 103 ; temporarily used
to carry a narrow-gauge railway,
104.

Kanwah Canal on the Sutlej, 112.

Karachi, waterworks of, 477-482;
water-supply obtained from Malir
river, 478, 479; total cost of and
amount of supply, 481, 482 ; masonry
conduit of, 480; inlet pipe of, 481 ;
manner of distributing the water,

- 481 ; canals, 1889-90, 531; a base
for the survey, 51, 53, 54, 56, 57;
a port and railway centre, 299;
Manora light at, 5§20; details of
harbour of, 510-513.

Karampallam, tank at, 193.

Karez, tunnel of, 543.

Karwar, port of, its capabilities as a
harbour of refuge, 513; landing-

PUBLIC WORKS OF INDIA

stage and lighthouse built at, §13,
521.

Kater, Lieutenant, assistant to Colonel
Lambton, 38, 40.

Kaveri Pauk Tank in North Arcot, 118;
native bridge over the river near
Seringapatam, 70; anicut, across
bed of, 114, 186; delta canals, 186-
189, 530; irrigation works in the
delta, 114, 183; total length of irri-
gation canals in the delta, 188.

Keamari, island of, 510, 511 ; landing-
pier and wharfage constructed at,

§13.

Keeul river, bridge on East Indian
Railway, 332.

Ken bridge on Indian Midland Rail-
way, 408, 540.

Kendrapurni canal, the, 174.

Kennedy, Colonel, theories of, on
Indian railways, 310-312, 315.

¢Khadir,” low valley land of the
Ganges, 149, 151.

Khalif Al Mamun, 58.

Khandari n«/la, Jubbulpore, reservoir
on, 484, 485.

Khandesh, ékandaras in, 116.

Khojak tunnel on North-Western Rail-
way, details of, 261, 399, 40I-404,

543-

Khwaja, Amran range, earthquake
shock in, 402.

Kidderpore, construction of docks at,
519, §20; difficulty in raising funds
for, §19.

Killingworth colliery, first locomotive
at, 229.

Kistna Bridge on Great Indian Pen-
insula Railway, 359, 5§39; weir
on the river, 191, 192; total length
of irrigation canals of, 192; canals
on the delta of, 191, 192, 530.

Kortalayar river, Madras watcrworks
fed from, 461.

Krishna canal, 207, §532.

Shoal lighthouse in the Gulf of
Martaban, 520.

Kunka, gravel used in road building,
74, 77, 78, 82, 95, 297.

Kurnool-Cuddapah canal, 194-199, §30.

LAcHMA lake tank in Nimar district,
181.

Lahore, situation and population of,
472 ; peculiar aspects of streets of,
473 ; waterworks of, 472-477 ; water-
supply in the city, 476 ; accident to
service reservoir, 477 ; rate charged
for water in, 477; formation of
water-works of, 475; service reser-
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Mount Cenis Tunnel, 260.

Mountains and lnghlands of India,
295-297.

Mud Gorge, tunnel of, 543.

Mutha canals and reservoir, the, 208-
210, 532.

Mutiny, destruction of Sone Bridge
during the, 334.

Mutra-Jumna Bridge on Rajputana-
Malwa State Railway, 406, 542.

Muzaffargarh, inundation canals in,
I1I.

Mysore, roads in, 91; remains of
ancient bridges in, 70 ; water tanks
in, 117 ; Nuggar tank in, 118 ; chain
system of storage reservoirs in, 122,

NaDRrAI, aqueducts on Lower Ganges
Canal at, 162-165.

Nag river, embankment across, 464.

Nagpur, tomb of Colonel Lambton at,
42 ; roads from, 9o, 91, 96 ; railway
between, and the grain districts of
Chattisgarh, 104; waterworks of,
463-471 ; waste-weir and regulation
tower of, 468 ; new works, syphon-
pipe of, 468 469 total supply of,
470; ?umpmg cistern, 471 ; popula-
tion of, 463

MNalas or streams, 480.

Nandicanama, tunnel of, 543.

Nara Canal, Eastern, 205, 53I.

Naraje, weir on Orissa Canal at, 173.

Narora, Lower Ganges canal system
at, 161.

Nasik, dhandaras in, 116.

Navigation works. See Works."

Mawabbin, channel called the, 112,

Negumbod aqueduct, the, 128.

Nellore, weir on River Pennair near,

192.

Nerbudda bridges on Bombay, Baroda,
and Central India Railway, 405, 539 ;
on Great Indian Peninsula Railway,
352, 353, 539; on Rajputana-Malwa
State Railway, 406, 542 ; on Bhopal-
Itarsi Railway, 540.

Network system of land-measurement,

31, 49. .

Niagara river bridge, 261.

Nira Canal, the, 210, 532.

Nizam’s Territory, quantity of coal pro-
duced in, during 1887-91, 546.

North, Roger, mentions way-leaves,
222,

North-West Provinces, network of roads
in, 86; canals and irrigation works
of, 160-168, §28; minor canals of,
168 ; general results of canal systems
of, I
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¢ Novelty,’ locomotive called the, 234,
235, 236.

Nuggar in Mysore, tank and embank.
ment at, 118,

Nullas or water-courses, 298, 350.

Professor,
coveries of, 498.
Oklg ra Canal from the Jumna at,
165-167.
Orissa, rainfall in, 107, 170; new as.
sessment of land-tax in, 170 ; canals,
tem of, 171, szg,hheadworks of
the, 173; weirs on the, 1 174;
Coast Cinal 179. » 173 174
O'Shaughnessy, W. B., first electric
telegraph in India constructed by,
500, 5OI.

OERSTED, magnetic dis-

PAHOOJ RIVER, weir across, 409.

Palamcotta Bridge over the Tambra-
purni, in Tinnevelly, 95,

Panghm Lower, canal, 1890-91, 532.

Panir Tunnel on North-Western Rail-
way, 397.

Papaghni bridges on Madras Railway,
361, 539.

Para. See Sohag.

Paricha, Betwa Canal near, 167, 168,

Parsees of Bombay Presidency, 22.

Passenger traffic of Indian railways,
422.

Patna branch canal, 176.

Patri river crosses the Ganges canal,
150,

Pease, Quaker family of, assist Stephen-
son, 231.

Pendulum vibrations, determination of
the earth’s figure by, 59, 60

Pennair Delta, canals of, 192, 530;
weir on the river at Sangam, 192,
197 ; drainage system, 197.

Penner Bridge on Madras Railway,
360, 539

¢ Pepul putta ka Seran,’ road called, 70.

Periar nver irrigation project, 201-203;
dam on the, 202 ; works, 214.

Peshawur, remains of ancient canal in,
130.

Platsforms at railway stations, 279, 280,
281.

¢ Plotting’ of surveys, 29, 30.

Picard attempts to ascertain the size of
the earth, 59.

Piers of bndges, method of founding in
sandy beds, 328, 329.

Points or switches on railways, 275,
276, 290.

Ponairy Tank in Trichinopoli, 117,

Pont du Gard, France, 434, 435.
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312 ; peculiarities of construction
in, 326-328 ; method of founding
piers in sandy beds, 328, 329;
principal  standard  dimensions
adopted, 318, 319 ; gauges of
earlier Indian, 412-414 ; iron
largely used for sleepers in, 328;
total mileage of, 412; length of
lines open during quinquennial
periods, 1853-1892, 415; classifi-
cation and mileage of Indian, 416;
capital, outlay, and cost per mile
of, 417; gross earnings of, 420,
545 ; net earnings of, 421, 545;
distribution of persons employed
on, 424 ; numbers of native drivers
and shunters, 1881-1890, 425;
passenger traffic of, 422 ; passenger
classes on, 422, 423; passenger
fares on, 422 ; safety of travel on,
425 ; passenger and goods rolling
stock at end of year 1891 of, 423 ;
423 ; fuel supply of 425, 426;
working expenses of, 420, 545;
percentage of working expenses on
gross earnings on, 420, 545 ; general
results, including steamboat ser-
vices and suspense accounts of,
421, 545 ; main results of working
all, for the year ending 31st Decem-
ber 1891, 544, 545; particulars of
important tunnels on, §43.

Principal Lines :—

Bengal-Nagpur railway, details of,
406, 407, 470; principal tunnels
on the, §43; bridges on the, 540.

Bengal and North-Western railway,
415 : bridge on the, 542.

* Bhopal-Itarsi State Line, 407 ; bridge
on the, 540.

Bombay, Baroda and Central India,
405 ; bridges on the, 539.

Burmese railways, 410.

Eastern Bengal, interest charges for,
8; bridges on the, §39.

East Coast Railway, 409.

East Indian Railway, 311, 314; in-
terest charges for, 8; successful
working of, 12 ; originally between
Nagpur and grain districts of
Chattisgarh, 104; preliminary a-
greement with, 307 ; experimental
line of 309; gauge adopted on,
318 ; construction of experimental
line, 317, 322, 323; difficulties
encountered on first section of,
330, 331; extension of system of,
323, 324 ; routes followed by, 333;
losses of, during the mutiny, 334 :
total length of, 346; rails and

sleepers used on, 346; Monghyr
tunnel on, 331; bridges on the,
539; bbl;iidges on I_{irst hsection of,
331 ; bridge over ly on, 3
346 ; Allahabad- um gridgeosfn:
336-338 ; Delhi-Jumna Bridge on,
338-339; Sone bridge on, 333-335;
Tonse bridge on, 336.

Great Eastern Railway, proposed
route of, 300, 302.

Great Indian Peninsula Railway,
311, 314, 418; inception of, 30I,
302; preliminary agreement with,
307; experimental line of, 309;
main routes of, 316, 317 ; sections
of, to Juhbulpore and Mohpani,
352 ; Bhore Ghit incline of, 353-
358; total length of, 359 ; station
of, in Bombay, 347, 348 ; rails and
sleepers used on, 359; principal
tunnels on the 543 ; tunnels on the
Thul Ghit incline, 351; bridges
on the, 539; bridge across Sion
Marsh on, 348; bridges across
Rotunda n#//la and Manda Sheyt
ravines on, 350; the Bheema,
Seena, and Kistna bridges on, 359.

Indian Branch Railway Company,
gauge of, 412; passenger classes
of, 423.

Indian-Midland Railway, details of,
407-409 ; bridges on the, 540.

Madras Railway, 360, 361; forma-
tion of, 324; extension of, 325:
bridges on the, 361, 539.

North-Western Railway, section of, to
Karachi, 389; Sind-Pishin section
of, 396, 397, 401, 418; Quetta
loop-line of, 397; branch of, to
Bolan Pass, 398, 399 ; total length
and cost of, 404, 405; Khojak
tunnel on, 399, 401-404; tunnels
on Quetta loop-line, 397; princi-
pal tunnels on the, 543; bridges
on, over Punjab rivers, 381, 382,
541; Attock Bridge on, 382-389;
bridge over the Sukkur on, 389,
390; Lansdowne Bridge, Sukkur-
Rohri, on, 390-395.

Oudh and Rohilkund, formerly Indian
Branch Railway Company, 370,
417; bridges on, 370-380, 540;
passenger classes of, 423.

Rajputana - Malwa State Railway,
406, 414, 418; bridges on the,

542.
Southern Mabhratta, bridges on the,
542 ; principal tunnels on the, 543
Tirhoot, bridge on the, 542.
Umaria-Katni State Line, 407.
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Sangam, irrigation canals in, 192, 214,

530.

¢ Sans Pareil,’ locomotive called the,
234-237.

Saranda tunnel on Bengal - Nagpur
Railway, 407, 543.

Saraswati. See Ghaggar.

Sarun Canal, the, 179, 180.

Saugor, bridge over the Beosi near, 93,
94 ; roads, 9o.

Schilling, Baron, constructs electric
telegraph, 498.

Schweiger, improver of electric tele-
graph, 498. .

Scinde Province, agricultural works
in, 1889-90, 531, 533; canals and
public works, 1889-90, 531, 533;
irrigation works of, 204-215; roads
in the upper parts of, 86, 87.

Seena river, bridge over, 359.

Seoni plateau, 91.

Seringapatam, native bridge over the
Kaveri near, 70.

Sevgg Wells Waterworks, Madras, 459,
460.

Severn Tunnel at Bristol, 260.

Shah Jehan, canal constructed in the
Bari Doab under, 128; restoration
of, 136.

Sheonath Bridge on Bengal-Nagpur
Railway, 407, 540.

Sher Shah Bridge on North-Western
Railway, 382, 541.

Shikapur canals, 1889-90, 531.

Shir Shah, road constructed by, in 1540,

70.
Sholapur Waterworks, 455; Ekruk
Tank of, 455, 456; Ekruk Canal,
" 456, 457 ; reservoir and supply-pipe,

458.

Shu?\ters, numbers of native, 188I-
1890; 425'

Sidhnai Canal from the Ravi, 143, 144,
527.

Signals used on railways, 247, 283-
291.

Silver, absorption of, in India, 21.

Simms, Mr., railway engineer, pro-
posals of, 303-305, 318.

Sion marsh, bridge across, on Great
Indian Peninsula Railway, 348.

Sirhind canals, system of the, 140-
142 ; canal (British), 527 ; old native
canal in, 129, §27.

Sironj a basis for measurements, 47, 48,
51, 53, 55, 56, 57 ; astronomical ob-
servations undertaken at, 44 ; base-
line measured at, 44, 48.

¢Sleepers’ used in railway construction,
267-269 ; of various materials used in
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India, 328; used on East Indian
Railway, 346 ; used on Great Indian
Peninsula Railway, 359; used on
Madras Railway, 361.

Sohag Canal on the Sutlej, 112; and
Para Canal, 143, 527.

Sohan, bridge over the, on the Lahore
and Peshawur road, 95, 96.

Solani Bridge, on the Oudh and Rohil-
kund Railway, §40; valley and river,
151 ; aqueduct over the, 151-157;
general description of, 1525 com-
mencement of work on, 153; em-
bankments and revetment-walls of,
153-156 ; aqueduct bridge over the
river, 156; piers and abutments of,
157 ; foundations of, 157.

Sommering, maker of first electro-
dynamic telegraph, 498.

Sonakoda a base for the survey, 50, §3,

56.

Sone, bridge over the, on East Indian
Railway, 333, 539 ; destroyed during
the Mutiny, 334, 335 ; reconstruction
of, 335; Grand Trunk Road bridge
over the, 83; canals, 175-178, 529;
inception of the, 176; weir across
the, at Dehree, 176-178 ; canals, total
length of system of, 177; Canal,
Main Eastern, 176; Canal, Main
Western branch, 177.

Soonkesala Canal, Madras, the, 194-

199.

Souba of Sirhind, canal excavated by
the, 129.

Srivaikuntham irrigation canals, 192,
193, 530.

Stand Edge Tunnel, England, 261.

Station of Great 1ndian Peninsula Rail-
way in Bombay, 347, 348.

Stations on Railways, 277-283.

Steinthal, M., electric telegraph of, 499.

Stephenson, George, locomotive en-
gineer, his early struggles, 228; his
inventive genius, 229; his engine
¢ No. 1,’ 231, 232; appointed to build
engines for Liverpool and Manchester
Railway, 236 ; extract from speech
of, 237, 238.

—— Sir Donald, railway promoter,
302.

Robert, 229, 238.

Stewart, Lieut.-Col. Patrick, telegraph-
cable scheme of, 501.

Stockton to Darlington, proposed tram-
way from, 229; construction and
opening of, 230-232.

Sukkur Bridge on North-Western Rail-
way, details of, 389, 390, 541. Se¢
also Lansdowne.
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by Colonel Lunbton, 36, 37; instru-
ments used in the, 38, 39; base-line
measured at Madras for, 38; error
of distance between Madras and
Malabar coast corrected by, 39, 40;
base of verification measured near
Bangalore, 39; made a basis for
further series ?ft'h measurements, 40 ;
interruptions of the survey, 40 ;
theodoﬂte dam: , :ly H E:::l
Everest succeeds Colonel Lambton on
the, 42, 44 ; work of, on the survey,
44-51 ; the ‘Great Arc Series’ of
triangulations, 40, 41, 47 ; extension
of Beder bo.se-lme to Bombay, 44 ;
longitudinal series between Beder
and Bombay completed, 49, base-line
measured at Sirol s new in-
struments rovxd for the, 45, 46,
the ‘Ca.lcutta longitudinal series’ of
triangulations, 45, 46, 503 the ¢ Cal-
cclzt‘t: mendlon?l series,” 50; ¢East
t series’ of surv 1, B

the ‘North-En.stemH:Z-‘a’las ﬁérgess,
50; the ¢ North-Western Himalayan
series,” 53, S54; °South Konkan
series’ completed, §1; formation of
¢ North - West quadrilntenl,' 53;
carried into the mountain 55,
56; use of the spirit-level in, 57;
review of work done between 1802-
1848, 52, §3.

Tulsi, construction of reservoir at, 451.

Tumbuddra river, anicuts across the,

Tungsabhadra, bridge over the, on the
Madras Railway, 360, §39; irriga-
tion works of, 195 ; weir on the, 1

Tunnels, formation of, 258; list of
largest, in the world, 260, 261 ; under
the Indus at Attock, 88, 89; on
Bhore Ghét incline of Great Indian
Peninsula Railway, 356 357, 5433
Bhortonk, on Bengal-Nagpur KRail-
way, 407, 543; Bramhope, near
Leeds, 261; Castle rock, Southern
Mahratta Railway, 543 ; Iron Gates,
North-Western Railway, §43 ; Karez,
North-Western Railway, 5§43; Kho-
jak, on North-Western Railway,
261, 399, 401-404, 543; Monghyr,
on East Indian Railway, 331 ; Mount

Cenis, 260; Mud Gorge, North-

Western Railway, 543; Nandica-
nama, Southern Mahratta Railway,
543 ; Panir, on North-Western Rail-
way, 397; St. Gotthard, 260; Saranda,
on Bengal-Nagpur Railway, 407,
543 ; Severn, at Bristol, 260; Stand
Edge, England, 261; on Thul Ghit

incline of Grent .Indian Peninsuls
Railway, 3{
Tuticorin, lighthouse at, 52!.

UNHARWAH Canal, Scinde, 205.

VAIGA, the river, 201.
Vehar basin, rainfall and area draining
into, 448 ; reservoir, mmdmt

Victoria-JThelum Bridge, on the North-
Western Railway, 382, 541.

Viranum Tank, 117, 118.

Volta, Alemndm, discoverer of voltaic
pile, 497.

Vi;zglpntnm, a base for survey, 54, 55,

WALLICH, Dr., superintendent Botanic
Gardens, Calcntta, §00.

Wandsworth to Croydon, horse-tram-
way from, 224.

Warora, coal-field at, 359

Warren, Lieutenant, assistant to Colone.
Lambton, 38 40.

Water for irrigation, methods of obtain-
ing, 100

_86 carriage system of Eastern Bengal,

Way-leaves, 222, 223.

Weingunga Bridge on Bengal-Nagpur
Railway, 91, 540.

Weirs on canals, 133; of the Agra
Canal, 166; on the Betwa Canal,
167 ; across the Ganges at Narora,
161; on Hathmati river, 211; on
Krishna river, 207 ; on the Midna-
pore Canal, 175; on the Orissa
Canal system, 173, 174; across
Pahooj river, 409; on the Pennair
river at Sangam, 192, 197; over
Sone at Dehree, 176-178 ; across the
Tungabhadra river, 196. See also
Anicut.

Wellesley, Marqms of, supports Col.
Lambton’s proposals, 38.

Wells, Artesian, 434, 490; in Malir
river, Karachi water-supply obtained
from, 479; provided on lines of
public roads, 78 ; water for irrigation
obtained by means of, 109.

Wheatstone and Cooke, electrical dis-
coveries of, 499.

Wheels of railway vehicles, 266, 267.

Wool6-test for colour-blindness, 288,
536.
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