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ROORKEE TREATISE,

p—

Section IX--RAILWAYS.

PART I.—DESCRIPTIVE.
CHAPTER 1.
INTRODUCTION. SUBSTRUCTURE OF RAILWAYS.

1, The torm “ Railway” originally denoted merely a road, on which
glabs of stono or wood, or iron plates (so-called *rails”) supported on
cross-slecpers, wero laid in parallel continuous longths to form hard cven
surfaces for the whoels of the ordinary traffic of the road. Later on, to
confine the wheels to the trazk, the rails took the form of continuous iron
plates with their outer or inner e lges turned up. Finally, the idea was
conceived of raising the rails above the surface of the road and of
furnishing the wheels of vehicles with flanges to prevent their leaving the
rails; and thus wus ovolved the modern railway with its spesialisel
track and rolling-stock.,

2. Ou the early English railways, which were mainly colliery lines,
vehiclos were hauled by animal power. But after the invention of the
steam engino in the latter half of the 18th century, the idea of a steam
locomotive began to take shape. The first locomotive of which we have
record, was built by Cugnot in France in 1769 ; but its further development
in that country was prevented by the outbreik of the Revolution. In
1784, Watt, who had so largeashare in the perfecting of the steam engine,
built a locomotive to run on an orlinary road. In 1802, Trevethick built
locomotives to work the colliery lines at Merthyr Tydvil in Wales. These
engines had smooth wheals running on smooth rails, but beyond this bore
little rosemblanse to the modern lozomotive; in conscquence of their
lightness , there was insufficlent adhesion between the rails and the wheels
to allow of loads being hiuled, heavy enouzh to be commercially profitable;
and to remedy this Blenkinsop in 1811 fitted a rack to the outer face of
one rail, the locomotive being driven by means of & cog-wheel engaging
with this rack, and the top of the rail being left smooth for the tread of
the wheel. But the oxperiments of William Hedlley showel that by
concentrating suffcient weight on the driving-wheels, it was perfectly
feasible to design a locomotive with smooth wheels working on smooth
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2 CHAPTER 1,

rails and capable of developing a sufficient tractive effort to draw a train
of loaded wagons; anl Hodley in 1813 placed such a locomotive on the
Wylam collicry ling near Noweastle.  This engine, which worked contin.
wously for 50 v~ over w leagth of five miles of line, may be regarded as
the first example of a commercially successful losomotive working by the
adhesion of smooth wheels to smooth rails. Two years later, in 1815,
George Stephenson built an enginoe of the same type for the Killingworth
colliery, in which for the first timo the driving-wheels were driven direct
by cranks without the interposition of toothed gearing. 1In the following
years, Stephenson introlnced many minor improvements anl in 1825
when tho Stockton and Darlington line was opened one of Siephenson’s
locomotives knownas “ No. 1,” built for the colliery traffiz of that lino,
was successfully used for the haulage of passengor traffic also.

3. The first line regularly constructed for the express purposc of
carrying pussengers anl goods by steun-power was the Liverpool and
Manchester Railway which was opened for public traffic in 1830. In 1829,
she Directors of vhat line had offered a prize of £500 for the hest engino.
This was won by the ¢ Rocket ” (Fig. 1) built by George Stophenson, who
then for the first time introduced the tubular boiler and seprate fire-box,
whi *h have led largely to the present form of the locomotive.

FIG 1. FIG. 2.,
The Ploner 1830
The Rocker 1829 g
(Stephenson? (Stephenson)

=

N\

e

Thelast distinetive feature of the carly locomotiv es, namely the vertical
or inclined cylinders, disappcared in 1830, when the  Planet ” (Fig. 2)
was built with horizontal cylinders ; and since that date the main featurces
of the locomotive have not altered to any great extent.

With the opening of railways for public traffic, animal traction rapidly
disappeired ; and since then the loomotive his been identified with
railway expansion all over the world, so that at the present day the term
“Railway ” is applied almost oxclusively to lines using steam traction.
The tcrmn is furcher restricted to lines having a certain standard of
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equipment in the matter of stations, signals, etc., and subjoct to more or
less stringent regulations for working. Lines not conforming with those
standards are commonly called “Tramways,” whether mechanical or
animal traction be employed. Of late ycars steum has, to a certain
extent, given place to electric traction. All the subterranean ¢ tube ”
ratlways of London are clectric, while the old District and Metropolitan
lines have been “electrified”” ut great cxpense.  In India schemes are under
consideration for converting to clectric working some of the lines in the
neighbourhood of Bombay and Calcutta. But while this form of traction
has been applied with commercial success to certain railways within
confinel arews and unler special locil conditions, there is no present
prospect of its being applied to railways in general ; and for many ycars
to come the term ““Railways ” will continue to mean for most people, in
India at all events, lines worked by stcam trastion. Only such railways
will be dealt with in this Manual.

)

4. Railways in India.—The first rccorded proposal for a railway
in Inlia was put forward by an English Compwy headel by Sir
Ma :dona'd Stephen-on in 1844, at the commencement of a period of greab
activity in railway construction in all the civilised countries of the world,
The proposal, which was for an experimental line extending from Calcutta
for 140 miles in the direction of Allahabad, was on the basis of a Govern-
meunt guarantee of 3 por cent. interest on capital outlay. This led to a
prolonged correspondeuce, oxtending over scveral yeawrs, between the
Secretary of State for India, the Indian Government aud the Court of
Directors of the East India Company, as to the terms under which the
general policy of railway construction in India was to be initiated. The
Qovernment of India in the first instance objected to the principlo
of a guarantee, but it was finally recognized that it British capital were to
be attracted, a guarantec of a minimum rate of interest on capital outlay
was, in the then undeveloped state of the country, necessary ; at the same
time it was held to be essential in the intercsts of the country that the
Government should exercise a certain measure of control over the
operations of all companies undertaking the construction of railways,
Under these general terms agreements were signed hetween the Secretary
of State and the East Indian and Great Indian Peninsula Railway
Companies in 1849, and the actual construction of these railways was
commenced in 1850 under Lord Dalhousie’s administration. The main
provisions of the agreements were, that land should 1'¢ provided by Govern-
ment: on a: lease of 99 years; that all works undert ken should be
subject to approval by the Government; that interesy at 5 per cent. on



4 CHAPTER I

capital outlay should be guaranteed to the Company for the term
of the agreoment ; anl that the option lay with the Government of
purchasing the lines after the first completed period of 25 or 50 years.
When the profits of the undortaking fell below 5 per cent., it was
stipulated that the deficit should be made good by the Government, and
when the profits exceeded the guaranteed porcentage, that one-half of the
excess should be credited to the Company and the other half applied
towards refunding sums pid by the Government under the preceding
clause; wheu these sums had been repaid in full, all profits were to go to
the Company.

5. It will thus be seen that under the original “ guarantee ”” system,
as it was called, the Government had no share in the profits of any railway
and that in the case of those lines which failed to carn an amount equal
to the guaranteed percentage, the system resulted in direct finaneial loss
to the Swate.  On the other hand, the main object of the Government—the
opening up aud development of the country —was secured ; and the system
had the advantige, as compared with any scheme of construction by State
agency, that capital could always be raised without difficulty by the
Company on the strength of the Government guarantee ; whereas, had the
funds been provided by Government loan, it would probably have been
necessary, in times of financial stress, to divert money allotted to railways
to other and more urgent ends.

6. The first sections of the Great Inlian Peninsula and East Indian
Railways were opened in 1853 and 1854, respectively, and betwecn these
dates and 1859 Companies were formed for the construction under the
guarantce system of most of the other great truuk linss of India—the
Madras, the Bombay-Baroda, the Sindh Punjab and Delhi, the Eastern
Bengal and the Great Southern of India (now the South Indian) Railways,
Later on in 1863 an attempt was made without success by the Indian
Branch Railway Company to raise capital without a guarantee for the
construction of railways in Oudh and Rohilkhand ; and eventually the
construction of the Oudh and Rohilkhand Railway had to be undertaken
under a contract slightly modified from the original guarantee system.

7. By 1870, the trunk lines laid under this system were virtually
completed and aggregated about 5,000 miles. In the meantime, the
working of the carly guaranteed lines, mainly owing to their high cost
and the high rate of guarantecd interest and to the fact that their traffic
had not developed as rapidly as had been expected, had resulted in a
steadily increasing drain on the Indian finances. Moreover, new lines,
which dil not promise to bo remunerative in themselves, were urgently
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required for the development of the country, and, as has been seen, efforts
to raise money through the agency of a company without a guarantcee had
proved unsuccessful; it was therefore decided in 1871 to cnter on a
programme of construction, by direct Statc agcney, of a numl er of lines of
a cheaper character than thosc already constructed—a poli-y which was
steadily pursued for the next 10 years. Thus came 1nto being the Iudus
Valley, the Lahore-Rawalpindi, the Rajputana-Malwa and the Punjab
Northern State Railways. Of these the first section of tl.e Rajputana-
Malwa Railway was opened in 1873 and the last from Ajmerc to Ahmed-
abad, in 1879,

8. A scries of disastrous tamines occurred during the period 1674~ 79,
which showed the inadequacy of the existing railway systems for the rapid
transport of foodstufls for the rcliet of scarcity; and to remedy this a
Commission appointed in 1880 recommendcd the early constiuction of
5,000 miles of new railways. DBut as the finanees ot India did not admit
of these lines being- carried out entircly by State agency, it became
esscntial again to enlist the assistance of private enterprise, either with or
without a guarantee. lIn this way, in 1882, the Southern Mahratta
Railway was started by an “wssisted” company, that is to say, the
Railway was to be considercd as being the property of the State, but was
to be worked and the funds were to be supplied, by the compauy on a
guarantee of 4 per cent. for 7 years and 3% per cent. thereafter. The
Bengal and North-Western Railway, which followed, was constiucted by a
company without a guarantee. But in the case of the Bengal-Nagpur,
started in 1885, and the Indian Midland, in 1887, a 4 per cent. guarantee
was agreed to. After this it was decidcd that the State could no longer
afford to aid private entcrprise, |eyond granting land free, On these
terms the Delhi-Uml alla-Kalka Railway was constructed in 1889, At the
same time the State continued to construct lines, which were considered
politically or stratcgically necessary, but which did not prouiise to be
sufficiently remuncrative to attract private capital. Of this description
were the Sindh-Peshin and Chaman Railways on the North-West frontier,
Thus betwecn 1880 and 1890, the policy of construction by State agency,
initiated in 1871, was continued side by side with a partial reversion to the
earlier guarantee sytem in a modified form, together with a few instances
of private cnterprise in which no guarantee or other assistance, beyond
the frce grant of land, was given.

. 9. In the meantime in the case of the majority of the early guarantecd
lines, the State had, on the expiry of the first period of 25 years specified
in their contracts, exercised its right of purchasc of these lines, The
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cxceptions werc the Great Indian Peninsula, the Bombay-Baroda and the
Madras Railways, in the case of which new contracts were executed in
1869 whih provided that the tenure of the Companics should be extended
for a sccond period of 25 years, but that for the remainder of the lease
surplus profits over 5 per cent. shou'd be divided equally between the
Government and the Companies. The Kast Indian Railway was, in 1879
on the expiry of the first term of 25 years, acquired by the State and
practically handed back to the original company re-constituted as a work-
ing ageucy ; and in the case of the Eastern Bengal Railway the State in
1584 assumed working control. Again, the Sinlh Punjab and Delhi
Railway was taken over by Lh: State in 1886 and amalgamated with the
Indus Valley, the Lahore-Rawalpindi and the Punjab Northern State
Railways ; the combined system, under the name of the North-Western
Railway, being placed under State management. The Oudh and Rohil-
khand Railway, taken over in 1889, also became a State-worked line, On
the other han I, the working of th: Rajputina-Malwa, one of the original
State railways, was in 1834 handed over to the Bombay, Baroda and
Central India Railway Company on a working agrecment.

10. Thus, by 15889, the railway systems of Inlia had become very
complex; aud as tne rate of exchange was falling rapidly, the Government
of [ndia could neitaer atford to cnourage private cnterprise by the grant
of any sort of guarantee, nor enter upon extensive sshemes of consiruction
by State agency. It was ditfisult even to provile for the demands of
existing lines. Duriug the first part of the following ducale, therefors,
there was very little construction work, ex:ept in Upper Burma, which
was in urgent need of opening oub and whre ¢rastrustion was uadertaken
by the State. But vhe clusing of the mints in 1893 inaugurated a new
era of railway activity, For the consequent stubility of the curreney
light,ened the problem of railway finance and amongst the first results
of the improved conditions, was the construction by the State of the
Mushkaf-Bolan and Mari-Attock Railways.

11. For the next few years, the open mileage of Indian railways.
continued to increase stealily atan average annual rate of 700 miles; and
between 1899 and 1905, under Lord Curzon’s administration, new: cone
gbruction was pushed on with great vigour, attaining 1,000 milesa year for
that period. But the traffic of open lines had meanwhile been incrensing:
at such a rate that, when the Railway Board assumed office in 1005, they.
were confronted with two serious problems—a general shortage of rolling
stock on existing railways, and a financial system inadequate to cope with
the growing demands of the country-either in the matter of.construction
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of new lines or of the improvement of existing lincs. A committee was
appointed in 1908 by the Secretary of State to investigate these matters
and-to suggest remedial measures ; and on their recommendation, it was
decided that the annual allotment of funds for Railway purposes should be
substantially increased, but that the equipment and improvement of
existing lines should for the present take preecdence of the construction
of -new lines. While therefore, in accordance with this policy the carry-
ing capacity of existing railways has, iv the last few years, been greatly
increaged, the annual 1ate of new construction has fallen considerably
below the figures for the years 1900—1905.

12. In 1899 for the first time in their history the working of Indian
Railways resulted in a net profit to the State. This s'ate of prosperity
-continued until 1908 —a year of abnormal trade depression, accentuated
by famine— when a loss had again to be recorded. A recovery was
however made in 1909, and since that year the annual gain to the State
has increased at a rate, which has shown the wisdom of the decision
referred to in the last paragraph.|

13. As regards the ownership and working of railways, the policy of
late years has been for the State to acquire guaruntced and *“assisted’
rallways as soon as their contracts have expired, and to hand them back
to the companies on working contracts. The Gre:t Indian Peninsula
(1900) and the Bombay, Baroda and Central India (1905) Railways may be
quoted as reent examples. The South Indian Railway became t!e prop-
&rty of the State in 1890 and tho contract then entered into was renewed
an 1910. The Madras Railway, the last of the old guaranteed lines was,
on its being acquired by the State in 1907, dismembered, the scction north
of Jalarpet being amalgamated with the Southern Mahratta Railway, and
the remainder being handed over to the South Indian Railway.

14. Branch lines.—In 1893 an important departurc was made by the
Government of India from the policy previously pursued in the offer of
special terms to private companies or local bodies for the construction of
Jbranch lines, intended to serve as feeders to cxisting railways and to le
worked by the parent linc administrations. Financial assistance was offcred
in the shape either of a guarantee of interest on capital outlay or a rebate
from the carnings brought to the main line by traffic interchanged with the
branch. The first railway constructed by a private company under these
terms was the Southern Punjab, which was completcd and openel to traffic
in 1897, and amongst others may be mentioned the Sutlej Valley, the
Tapti Valley, the Ahmedabad-Parantij and the Amritsar-Patt1 Railways.
Toe ¢ Branch Line” terms, as they are called, were revised in 1896 and
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agadn, witha view to making them considerably more liberal, in 1910 and
1913. The result of these revisions has been apparent in the large number
of companies of Indian domicile, which have recently been floated for the
construction of branch railways in all parts of India; and up to the present
time (1917) in spite of the continuance of the war in Europe, there
appears to have been no reduction in the activity of Branch Line com-
panies, which have sought concessions under the very favourable terms
now offered by the Government of India.

15. A noteworthy feature of railway policy in Southern India, is the
encouragement given to District and Local Boards in the Madras Presi-
dency to embark on the construction of *“ feeder ” lines, intended to develop
their own districts. In 1900, the Tanjore District Board, with great
enterprise, raised funds for the construction of what is mow called the
Tanjore District Brird Rulway, 103 miles in length, the first section of
which was oponed in 1900, and which is worked by the South Indian
Railway. Their example was followed by the Kistna District Board,
whose railway—the Bezwada-Masulipatam Branch—was opened to traffie
in 1908. These two lines have not only served to develop trade in the
districts traversed by them but have proved to be decidedly success-
ful as commercial undertakings. They wore, until recently, the only
railways owned by District Boards, open to traffic in Indin; a number of
Boards have, however, for some years been steadily accumulating funds,
raised by the levy of a special railway tax or cess, for the purposo
of railway construction ; and the Podanur-Pollachi, Tenali-Repalle and
Nidamangalam-Mannargudi Railways, constructed under the Branch Line
terms at the cost of the Coimbatore, Guntur and Tanjore District Boards
respectively, have recently been opened to traffic, while several other
District Board Railways are under construction,and a large number are
in view.

16. Lines in Native States.—An acsount of the history and develop-
ment of Indian railways, however brief, would be incomplete without
some mention of the lines constructeil by, or at the instance of, the Govern-
ments of several of the Native States of India. The earliest line to be so
constructed was on the 2 feet 6 inches gauge from Myagam to Dabhoi, a
length of 20 miles in Baroda State, which was opened to traffic in 1873.
This example was followed by the Governments of other States, including
Mysore, Hyderabad, Jodhpur, Bikanir and a number of others, and at
the present day upwards of 4,500 miles of such lines have been opened
to traffic, while several hundred miles of railw

. ay are at present under
counstruction.
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Of the lines owned by Native States, the majority are worked by
companies, the agreements being modelled in most instances on those under
which lines are worked by companies in British India. Notable examples
of lines worked under a guarantee are the Nizam’s Guaranteed State
Railway, 330 miles long, built on the 5 feet 6 inches gauge, and the
Hyderabad-Godavari Valley Railway, 391 miles long on the metre gauge.
Not a few of the Native State lines are, however, worked by the Darbars
themselves, an‘ the most important of such lines is the Jodhpur-Bikanir
Railway, 1,200 miles long, owned and worked jointly by Jodhpur and
Bikanir States.

17. The Railway Traffic Conference, which has become an annual
iustitution, first met in 1880, The Lozomotive, Carriage and Wagon
Superintendents’ Conference, a similar institution, was started in 1889.
The present Indian Railways Act dates from 1890, and the General Rules
for working open lines, at present in force, were issue 1 by the Government
of India in 1906 and were adopted with cffect from July 1st, 1907.
Revised rules for working lines unler construction were issued in 1913,
and revised Schedules of Dimensions, for the 5/ 6" metre and 2’ 6” gauges,
to be observed on all railways in British territory, were published in the
same year.

18. The gauge problem.— A troublesome question which has grown
with the expansion of railways, but which has not been alluded to in the
above historical sketch, is that of the gauge. The gauge of a railway is
the clear distance between the inner or running faces of the two rails
which form the track. This fixes the distance apart of the wheels, and
thus governs the design of the rolling-stock. In the early English rail-
ways a gauge of 4’ 8}" was adopted, for the reason that that happend
to be about the width of the colliery tramway on which lozomotive power
was first tried. Wider gauges were subsequently tried, including a 7-feet
gauge introduced on the Great Western Railway by Brunel, whose argu-
ment was that on this gauge trains could be worked more economically
and at higher speeds than on narrower gauges. But it was soon realised
that, in a small and thickly-populated country like England, with busy
centres of trade at short distances apart, uniformity of gauge was a more
important consideration than the intrinsic merit of any particular gauge.
And as the majority of railways in England had by that time adopted the
4’ 83" gauge, those which had been laid to other gauges were subsequently
converted to that gauge, with the exception of the Great Western Railway,
which for many years retained the 7-fect gauge. To prevent further
confusion, Parliament clinched matters about 1845 by deciding that, except

2
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in special cases, there should in future be only two gauges in England :
the 7/ 0” or broad gauge, and the 4’ 83" or narrow gauge. [It is interest-
ing to note that the 7/ 0” gauge on the Greal Western survived until
1892, when, under the pressing need for uniformity with othor railways,
it was finally converted to the normal 4’ 84”. For many years a greit
part of the line had been laid with three rails to carry trains of either
gauge, and the broad gauge had been eliminated from the northern parts
of the line several years previously.]

19. Such was the statc of affairs in England when railway construe-
tion was commenced in India in 1850. The gauge originally proposed by
the Court of Directors of the East India Company for adoption on the rail-
ways then about to be commenced, was the norml English one of 4’ 83".
This proposal was however contested by Lord Dalhousie, who recommended
a 6-feet gauge and by Mr. W. Simms, Consulting Eungincer to the
Government of India, who was in favour of a 5/ 6" gauge. The Court of
Directors finally decided to adopt the latter gauge, and, this decision
being accepted by the Goverment of India, the 5/ 6” gauge was used on
all the early guarantecd lincs,

20. In 1871, when about 5,000 miles had been laid to this gauge, the
decision (referred to in paragraph 7) to construct cheap railways by
State agency led to theintroduction of the metre gauge (3’ 33"). This step
gave rise to much discussion both in England and in India, mainly with
regard to the construction of the Indus Valley and Punjab Northern
Railways, which were amongst the first metre gauge lines sanctioned.
Two sections of the Indus Valley Railway amounting to 3824 miles in
length hal, however, already been constructed to the standard gauge of
56" ; and in consideration of this and of the importance of the two
lines from a military point of view, it was finally decided, when their
construction as metre gauge lines was well advanced, to alter them to
standard gauge. This decision did not, however, affect the other metre
gauge lines projected and their construction was proceeded with ; but
as fresh controversies on the question of gauge continued to arise for
every new railway proposed, the Governmeat of India in 1883 considered
it advisable to determine on a fixed policy with regard to the distribution
of the standard and metre gauges.

21. After a careful consideration of the subject, in the course of
which the relative merits of the two gauges were fully discussed, the
Government of India in 1884 laid the matter beforc the Sceretary of State.
A Select Comumittee of the House of Commons, to whom it was in the same

year referrod, recommended as a broad principle that the leading trunk
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lines with their more important feeders should be on the standard gauge;
and that the metre gauge should as far as possible be confined to districts
where it was already in successful operation, and to local lines where
traffic was unlikely to be heavy. This decision by no means settled the
question however, and in 1889, on a proposal being made for the conversion
of an important line from the metre to the standard gauge, the subject
was raised afresh.

22. By this time, Indian Railways comprised about 8,000 miles of
standard gauge and 5,000 miles of metre gauge; while a total of 800 miles
of original metre gauge line had been converted to standard gauge amd
nearly 200 miles of the latter to metre gauge. It was anticipated that
the necessity might arise for further conversions on a large scale and it
was therefore considered that the time had arrived for the declaration of
a definite policy for the future. Insubmitting a despatch to the Secretary
of State on the subject, the Government of India therefore proposed that,
while certain defined areas in which the metre gauge was already estab-
lished should be as a rule reserved for that gauge, all new main lincs
constructed outside those arcas should, without exception, be on the stand-
ard gauge ; and further that no material expansion of the metre gauge
system should be permitted. These views were not, however, accepted by
the Secretary of State, who, in a reply issucd in August, 1890, stated his
opinion that it was unneessary to lay down any absolute rule, and that
the question of the gauge for any particular line should be decided on its
merits, the principles laid down by the House of Commons Committee of
1884 being observed as a general guide.

23.  Although the question has been raised several times since the
date of this reply (notably in 1906 when it was discussed by the Institution
of Civil Engineers and in 1914 during a lecture on the subject by Sir
Guilford Molesworth at the Caxton Hall, London) the policy then enun-
clated by the Secretary of State has been adhered to. As a result the
metre gauge mileage has grown almost as rapidly as that of the standard
gauge and at the present time (1917) the respective mileages are 18,190
miles of standard gauge and 14,756 miles of metre gauge, while over 3,200
miles of minor gauges (chiefly 2/ 6”) are open to traffic.

24. The above is a brief sketch of the history of the gauge question.
A further cousideration of the subject in the abstract will be found in
Chapter XIX.

25. The substructure of a Railway.—Reserving for later chapters
the consideration of the alignment, gradients and curves of a proposed
line of railway, and assuwing that the alignment hag been marked out, wa
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may conclude this chapter with a few remarks on the substructure and
other matters, which have certain features in ecommon with road eonstruc-
tion, or whizh ave fully dealt with in other Manuals, and thus clear the
way for the more technical details of railway design and construction,
which will be commenced in the next chapter.

26. Land.—In railway construction, as in road-making, the first stage
is the preparation of a formation.” The breadth of formation depends
upon the gauge, the number of tracks, the clear space between them, and
the margin considered necessary outside the rails, These details being
fised, the permanent land-widths are calculated by adling the horizontal
components of the slopes of banks and cuttings, side drains, and marginal
strips for contingenecies.  Outside the permanent land-widths, land is also
temporarily acquired for the borrow pits for banks, or the spoil from cuf-
tings. The gencral cross sections given in Figs. 3 and 4 show the minimum
dimensions preseribed by the Government of India for the standard (57 6")
gauge. The extra width shown on ono side of the centre-line is intonded
to provide for the possibility of the line being doubled at some future
date ; incidentally also this extra width provides space for a carg-road for
use during construction. For the metre giuge the minimum widths pre-
seribed are 6 feet loss land and 2 feet 6 inches less for mation width.

For station-yards a sufficicnt arca of land must be acquired to allow of
the construction of the platform, sidings, station buildings and staff
quarters, and to provide a reasonable margin for future cxtensions of the
yard. For an ordinary wayside station on'an important standard gauge
railway, a scrip of land 2,500 feet long, with side-widths of 150 and 250
feet on cither side of the centre line, would usually be a sufficient area.
For the metre gauge a length of 2,000 feet would be suitable, with side
widths of 100 and 200 feet. On railways of less importance, in the case of
which cheapness of construction is dusirable, or on which the stecpness of
the grades limits the length of trains, the land areas acquired for station-
yards may be considerably reduced. "The rules of the Government of India
require that sufficient land should be acquired to enable at least one cross-
ing siding to be lengthened, if necessary, to the following dimensions :—

On scctions where the
stecpest gradient is—
1 in 500 or flatter e 2,500 feet
Between 1 in 500 and 1in 300 2,000 }
»  1lin 300 and 1 in 100 1,800 ,, 1,800 ,,
» 1lin 100 and 1in 50 1,600 1,600 ,,
Steeper than 1 in 50 we 1,200 ,, 1,200

5/ 6" gauge. Metre gauge.

2,000 feet.
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INTRODUOTION. SUBSTRUOTURE OF RAILWAYS, 18

Extra land is also necessary for the ramps of level crossings, road and
river diversions, and other isolated works of a similar kind.

Finally, it is usual to demarcate the boundaries of all land acquired for
railways by means of stone or masonry pillars placed at all points of vari-
ation in the land-widths, and c¢lsewhere at intervals of 660 feet.

27. Rarthwork.—Though the principles which govern the selection
of railway gradients are somewhat different from those applying in the
case of roads, the exacution of earthwork up to (or down to) a predeter-
mined formation is the same in both cases. Hence the student is referred
to the Manuals on “ Earthwork " and “ Roads” for a description of the
methods followed in the laying out, calculation, and actual construction
to formation level, of cuttings anl embankments. As regards embank-
ments, the common plan in this country is to put up profiles consisting of
bamboo uprights an string, and make the bank by coolie labour from side
excavations or “ borrow-pits,” care being taken that the earth is deposited
in layers, and all clods broken up during the operation.

An allowance for sinkage, which may amount to as much as 2} inches
por foot of height in the case of bad soil, must be provided for in setting
up the profiles,

Before work is commenced on the construction of the banks, masonry
pillars should be built at the tangent points of all curves and at suitable
intorvals (preferably 2,000 feet) along the intermediate lengths of straight,
These pillars, which are built up to exact formation level, and at a dis-
tance equal to half the formation-width from the centre line of the railway,
mark the chainage and at the same time serve as permanent marks from
which to set out centre stakes for the use of the plate-laying gangs ; and if
they are finished off with stone or masonry caps built up to the exact
level of the rails, they are of the greatest uss in the subsequenmt main-
tenance of the line. A line exactly parallel with the centre-line should be
marked on the pillars before the centre-line pillars, constructed during the
survey, have been embedded in the earthwork.

The side-slopes of railway embankments are usually 2 (horizontal) to
1 (vertical) and of cuttings in ordinary earth 1} (horizoatal) to 1 (vertical),
but this rate of slope varies according to the nature of the material
through which the cutting is made, and in cuttings through hard rock, the
walls may be vertical.

On the completion of an embankment the top surface should be
finished off with a succession of low longitudinal and transverse bunds,
to inprison rai1-water and thus ensure that as much consolidation of the
earthwor’c a3 possible shall have taken place before the rails are laid.



14 OCHAPTER 1.

28. Tunnels.—In consequence of the easy gradients required for
railways, as compared with roads, the depth of cutting in uneven or
mountainous country is often very great, and when that depth increases
beyond a certain figure—usually about 60 feet—it is generally more
economical to resort to a tunnel. For a description of the methods
employed in the construction of tunnels the student is referred to the
“ Roads” Manual. The minimum dimensions of tunnels, as laid down by
the Government of India, are shown in Figs. 5 and 6.

29. Bridges are described in the Manual on “ Bridges,” so nced
not be discussed here.

30. Road Crossings and diversions of other lines of communication.
When the course of u railway crosses that of a previously existing road,
the railway may be carried either over or under it by means of a bridge,
or across it on the same level. When a canal or a river is tobe crossed,
the railway must be carried over or, in rare cases, under it. In order to
provide such crossings without undue expense, it may be necessary to alter
the level or divert the course of existing lines of communication ; and in
some cases a diversion may be required independently of any crossing,
as for instance when a road, or stream or canal, would otherwise encroach
too closely upon the railway alignment. Those parts of a road whose
levels are altered for the purpose of carrying a railway across it, are
called the approaches to the crossing, and when the road and the railway
arc built to the same level, the crossing is said to be a Level Crossing.

A bridge carrying a road over a line of railway is called an Qver-
bridge, while when the road passes under the railway, the bridge is callod
an Under-bridge.

When the railway alignment crosses a road, stream or canal, at a sharp
angle, it will generally bo advisable to divert them to a direction as
nearly as possible at right angles to the line.

31. Level Crossings (see Plate I) however well they may be guarded
or protected, are always a possible source of danger to road traffic and
should for that reason, more especially in populous districts, be avoided
whenever possible. Ina level country, however, the expense of providing
over or under-bridges at all road crossings would be prohibitive and on
Indian Railways level-crossings are numerous. At important roads they
should have gates closing across the road on both sides of the line in one
position and across the railway in the other, so as to prevent animals
from straying on the line. A common method of protecting the less
important roal-crossings in India is to provide a chain suspended across
the road between two posts on each side of the railway. A gate-man
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INTRODUCTION. SUBSTRUCTURE OF RAILWAYS. 13

is then required to remove and re-fix the chains, and gate-keepers must
be provided in all other cases in which a gate may be so placed as to
obstruct the line.

32. To save the expense of maintaining gate-men, self-closing gates
are occasionally used, but are not to be recommended as, unless carefully
maintained, they seldom work satisfact orily, and when villagers have
learnt the secret of securing them in the open position, they become
worse than useless, and may be a positive danger. When the expense of
keeping a gate-man is not justified, it is far better to have no gates at all
and to provide cattle-guards, as they are called, to prevent cattle straying
on the line. A cheap and effective type of cattle-guard consists of a
grating composed of a number of thin planks or metal bars arranged
parallel to each other and tilted on their edges, like the leaves of a
partially open Venetian blind, the whole being secured in a strong frame-
work, The spaces between the planks are sufficiently wide to allow the
hoof of a ccw or a horse to pass between them; but owing to the tilted
arrangement of the planks, it is impossible for cattle to pass over them.
These gratings which should be made about 6 or 8 feet wide are firmly
fixed between, and outside, the rails on each side of the level crossing,
the planks being parallel to the road-way.

33. At crossings over important roads, the approaches should be on as
easy gradient: as possible. The inclination should not, as a rule, exceed
1 in 40 for ma