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COPY of MEMORANDUM by Major Kennedy, late Consulting Engineer of the
Government of India, on the Question of a general System of RarLways
for India, referred to in the MiNuTE by the Governor-General in Council

of the 20th day of April 1853, relative to Railway Undertakings in that
Country.” '

MEMORANDUM on INDIAN RatLwavys.

Torrington-square, 14 September 1852.

1. It is not sufficient to be convinced, as I am, that the establishment of
Railways in India is an essential preliminary to the attainment of the highest
degree of efficiency of which our military and civil administrations are capable;
to the prevention of local famine, and to the uniform dispersion of food ; to any
vigour and activity in manufacture or commerce ; to the increased consumption
of English goods; to the power of competing with America in furnishing to
England raw cotton and other important articles; in short, to the growth of
everything connected with the extension of British interests in India, as well as
with the industry, the wealth, and the comfort of its vast population.

o 2. It is still requisite, in addition to this conviction, to be able to see how the
risk of the Government guarantee which the money market requires for capital

invested in Indian Railways shall be borne under the worst aspect that that risk
can assume, '

3. I believe that upon the Great North-western Line of Bengal, which I
know better than any other, the risk would be absolutely nothing; but at the
same time, when Government, or when an individual, gives a guarantee, it is a
correct precaution to assume the possibility of being called upon to pay the
whole amount of such guarantee, and to examine how that amount, if required,

B shall be forthcoming.

4. The question then is, Whether there be any direct and immediate equiva-
lent which the Government of India can calculate upon, from the establishment
of railways, which would enable them, if so called upon, to disburse the amount
of the guarantee required, without any additional charge upon the revenues ?

5. I feel certain that such an equivalent would be the result, at least as far as
regards the one great line of railway from Calcutta to the North-west, by the
enormously increased efficiency that it would produce upon the operations of the
Bengal army, in facilitating the concentration of troops on any required point,
and by the consequent numerical reduction of that army which it would justify.
If I can show this, I am persuaded that nothing more will be required to induce
the Government to adopt that immediate and vigorous activity in pressing
forward the construction of railroads which they are so well aware that every
interest of India demands. '

6. On referring to the last Revenue Accounts furnished to Parliament by the
Fast India Company, we find the military expenditure incurred for the last year
of the return, 1848-49, to be as follows :

-

Co.’s Rs.
Bengal - - - - - - - 4,99,35,384
Madras - - - - - - - 2,62,06,214
Bombay - | - - - - - - 1,471,67,759

ToraL - - - Cb.s Rs. 9,32,99,356
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4 MEMORANDUM BY MAJOR KENNEDY RESPECTING

7. We may assume that of this expenditure a certain proport;
fourth, would be of a nature that WOII)ﬂd not, under any I::irggxrrtxls(t);lr’l:sg %2;;
reduction, such as staff-pensions, officers’ pay, &c.; but that increased efficienc
would enable a reduction with safety to be applied to a portion of the remaini y
three-fourths of that expenditure. g

8. To judge as to the effect which the contemplated line of rai
Calcutta to the North-west would have upon the eﬁ?ciency of the ];‘::}gaiyaﬁgm
it must be kept in mind that a regiment marching from Calcutta to PeShanjl"
(abbut 1,446 .miles) would occupy a period of six months, or the whole tem-
perate or active season of one entire year, on the way; whilst by railway it
could be carried the same distance in from 70 to 100 hours, and shorter
distances in corresponding comparative periods respectively. ’

9. When the Sikhs crossed the Sutlej, on the 15th of December 1845, it was six
days before the nearest troops could be congregated to meet them ;, and that
could only be effected by leaving the adjacent stations of Loodiana, Umballa
and Meerut comparatively unprotected, whilst the small force at Ferozeporé
was for several days exposed to the risk of an attack from the whole Sikh
army.

10. The British Commander-in-chief, Lord Gough, aided by the whole power
and military experience of Lord Hardinge as Governor-general, having marched
from Umballa on the 1ith of December, by the utmost exertions and forced
marches, met the enemy on the 18th, the greatest amount of concentration that
could be effected during those seven days, by denuding the nearest stations, being
under 13,000 men ; and with this comparative handful of troops he was obliged

.to fight at Moodkee a most hazardous battle with a well-equipped army of
30,000 men, having a reserve of 30,000. ‘
_ Three days later, on the 21st of December, when the British force had been
increased by only 5,000 men more, making in all about 17,000, they were
forced to fight at Ferozishah for two consecutive days. Thus, after ten days of
concentration, only 17,000 men could be brought together from the nearest
stations, leaving those stations exposed ; and this out of the large and magnifi-

cent force forming the Bengal army, or I should say rath t of t i
armies of British India. 5 ok ay rather out of the united

11. This gallant little band was obliged to take the risk of three battles, -
opposed to a well-organised and well-equipped army of 60,000 men, with the
enormous disadvantage of an inadequate supply of ammunition ; a combination ,

of circumstances which placed in extreme peril the British empire in India.

12. Had the proposed railway from Calcutta to the North-west been in
existence, 24 hqurs would have enabled the Commander-in-chief to concen-
trate on the point attacked 60,000 men, amply furnished with artillery and
stores of every kind, drafted proportionately from all the main stations. and
without leaving any point or cantonment in the rear unprotected. ,

13. To be convinced of this, it is onl isi i
. j , y requisite to refer to the Plan, showin
thi?'ttthe line of railway would pass centrally through the great line of impo:vtan%
mili }';lry estatxons.between Calcutta and the Sutlej; and, if we conceive a well-
combined extension of the principle of trunk railways completed throughout the

three Presidencies, the draft, for any large field force required might with pro-

portional facility and rapidity be concentrated from the main stations of the three

armies, thereby producing a Proportionably slight withdrawal of the force from

any particular locality.,

14. We have at this moment conflicts going on at the
i\forth-eastern extremities of our Indian fron%ier,gpoints aboutgog:)l(; m?fé:l;xn ::td
either or both of which conflicts may grow into serious wars req’uirin im I:h te
and extensive reinforcements of troops and stores. The very na%ur mef ,
empire in India must at all times expose us to similar conflicts with e1;0 oul:
warning ; and our stability, or even existence there, must depeI;d on o Ill:qc
able to meet such conflicts with energy and rapidity, without dag;rofll;g

diminishing the garrisons of other im istri i
, portant districts,
are nearest to the seat of war, and therefore most expogfﬁlcumrly of those that

15. No one will deny that the efficiency of an army is in some inverse ratio
to

- preferable to work the rai
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to the time required to concentrate such a preponderating force of well-trained
troops on any given point of its lines of defence as shall secure victory over the
largest hostile force that can be expected to attack it.

16. When the movements are slow, as must be the case when the troops have
to concentrate by marching, each limited district must be copiously armed for.
its own defence and protection ; but when the power of concentration is rapid,
as is the case when troops can be brought together to any given point by rail-
way from very distant stations, then a comparatively small force will suffice for
each particular district. .

17. What the exact ratio of increased efficiency may be, as compared with
the increased power and rapidity of concentrating troops and conveying artillery
and commissariat supplies to the first place of assembly for a campaign, as well
as in the subsequent supply of reinforcements and provisions, it is diff -~ to
express in precise numbers; but it would probably not be straining the arg.
ment to assume that two-thirds of any given army for the protection of British
India would be much more efficient where a field force of 50,000 or 60,000 men,
with ample artillery, stores, and provisions, could be congregated on any puint ot

“its vast lines of defence in 20, 40, or 60 hours, than the whole of such an army

would be under the present system, requiring a mean period of three or four
months to bring such a force together.

18. It is not for a moment implied, that in the subsequent manceuvres of a
campaign the general can be aided by the existence of railways; their advantages,
in a military point, are only assumed to apply to the first concentration of a
force, and to its after reinforcement with troops, provisions, and stores. - But all
those acquainted with the Indian climate and practices will understand how
mugh greater those advantages would be as applied to India, than if our con-
sideration had reference to Europe. In India, marching or campaigning in
summer is out of the question, unless at a fe%}rful expense of life and health to
our troops, whilst, from the vast extent of territory we occupy there, the ordinary
dispersion of our forces may be nearly in the ratio of 1,000 miles as compared
to 100 miles at home. "

19. Under the foregoing views, I shall deal with the present military expendi-
ture of Bengal as follows, that amount being - - Co.’s Rs. 4,99,35,384 :

From this sum I take one-third of three—ff)urths, or one-
" fourth of the whole, as a reduction of expenditure dug to the
. increased efficiency of the army, to be produced by railways - 1,24,83,846

Subsequent military charge for Bengal - - - - 3,74,51,638

20. The reduction of expenditure in the military establishment of Bengal,
which, I maintain, the construction of the railway from Calcutta to the North-
west would justify, and still leave the army a much more powerful engine than
it is at present, would be Co.’s Rs. 1,24,83,846 per annum, or taking the
rupee at 2s., it would be, in British money, 1{248,384 _l., which at five per
cent. would enable the East India Company to raise a capital of 24,967,690/,
or at four per cent., 31,209,600 L, or at three per cent., 41,812,800 /., with which

to construct railways in Bengal on Government account ; or if it be considered
ilways through private companies, .the Indian

venture to guarantee to such an amount of capital, without
arges of Bengal, even supposing the whole amount of
be annually paid by Government to the companies.

Government can
increasing the public ch
the guaranteed interest to

.21. But if, as I firmly believe, an economically and judiciously constructed
line to the North-west of India would be ample remuneration from its own
resources, then the whole reduction of 1,248,384 . annually on the Bengal
military establishment, would be a clear saving upon the present expenditure ;
and in addition to this large saving must be considered the saving that would
occur on the transport of troops in the annual reliefs; the saving upon
transport of treasure and treasure parties; and, above all, the abolition of that
most oppressive practice which the movement of troops now entails by the
necessity of pressing the carts and animals of the country people, and carrying
them hundreds of miles from their homes, in order to furnish the requisite

means of military conveyance. Yet the advantages, in a military point of vgﬁsl»(fi,
' A3 w
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::V(i(l.lld form only one of the numerous classes of benefits which such an under-
taking would confer upon the country; nor is it easy to estimate the annually
1{;(,?(1.51}1&; rej adice to Indian produce, which the delay of applying this prin-
e 1e o e e VYOTY 1 v § o M
Cqé.ﬁ_éi’ i')rUt(:ix%(,.hb’ or how it is to recover the start which energy, wisdom, and
actvily m tias respect are oivine to Asvioapie: rod el 1 .

) 18 respect are giving to American produce, even in our own markets.

Pi?{d é:xlgiopt;ilg htl](; foregomg‘prmcxple, as generally apylicable to the three
iencies, 1 shall now offer a Table, showing the annual savine on the militar

establishments of India generally which a well-arranged systéem of railwmv};
\\;ould produce ; showing also the capital which that saving would enable ;he
Government to command, either as a guarantee fund, in tae event of private
companies doing the work, or as a fund for actual construction by the UIz)vem
:gegt 1tsilf ’f andfl further, showing the number of miles of railwz{y that can b;

ade out of such capital, at diffeyent rates of cost ver mile, omitting fractional

parts :—
Col. 1 Cal. 2 : : o ! )
: Capital which may be rais i
P I B e ik iy b el By o e
E Fie b Harlways which liay be constructed by Capital >
;_'f; _E . £ ; .g upon annual Sav mg in Col, 2, at { in Col. 4, at per Mil};', P 2 n
. 7|5 % — =
oo -~ I
£53 =3 Col. 3. ‘ ! e I ¢ " g
£72 | s88 0 Col. 4. | Col. 5. | Col. G. | Col. 7. Col. 8. | Col. 9. | Col. 10. | Col 11, { £ 5
Presidency. ~:5 FE= 3 ' | 5
22 N 1 PR
S b”g 'Ebp“ S8 5 per Cent.' 4 per Cent, '3 per Cent I‘ ECE
g2 - ! ) Sz
ST | REEE er " - " =2y
< ;“i m% 2= | p per I oper  [£.5000 I £.6,000 £.7,006; £ 8,000 £.9,000 £.10,000, 53 >
% 22 15228 Anmum, I Annuio, | Annum | g §§
€2 E = e | - E E
£Z: | 5388 | | | | 2Ea
—— B | i L4 ER
£. £. l . i i
- | ’ £ £. £. Miles. | Miles. | Miles. | Miles. | Miles. | Miles, Miles
engal - -1 4933538 | 1248384 24.9G7.68 ' ‘
1933, ,248, i 967,680 | 31,209,600 :41,612,800 6,251 | 5210, 4438 | 3901 | 3467 | 3,190 8,322 *
Madras - -1 2,620,621 | 655,155 13,108,100 5
/195, 18,103, 16,578,875 21,898,500| 8,275 | 2,729 | 2,339 2047 | 1819 1,837 | 4,307
I
Bombay - -1 L715,775 | 428943 | 9578 86 ’ 178 '
\ T15775 | 428, : 010,723 :
| | 9578, ,723,575 i 14208100 2,144 | 1,787 | 1,531 | 1,810 1,01 1,072 | 2,859
| —_— S
ToTAL - = | 9,320,953 | 2,532,482 ' 47 G4 | |
! P 2,5 648,640 53,312,050 77.5 5 .
| X | ,640 58,3 ,000}7,,,49,400 11,660 | 9,726 | 8,398 | 7,288 | 6,477 5820 | 15,548
H | |
!
|

23. In 't whi ;
of J?mnrar I;eg'oft I‘..(linch I addressed to the Government of India on the 29th
o indisv)gnsq };1 5 well at some length on the principles which appeared to
TuUSADIE 10 ensure success and profit in this class of undertakings, and

to avoid those er
0S¢ errors, that waste, and that ruj i
av . e : ruin to sharehol 7
characterised similar works in Ent’rland ders which have
g .

24, Ti inci ;
a,nd4on'£lilr(:~seo§€m?ples Were at once approv.ed and adopted by the Government
¢ charllze ! aythresult which may be anticipated from them is that of forein :
ged with the construction of the works in India, to adopt the mosét";.

essential of all rules in engineering, which has, unfortunately, heen generally

di . . :
¢ :;i%lasl;%fg iﬁ) tEngIhSh ranlway'pyactice, that of the engineer feeling his character
) ounly for the eligible nature of his project, and the efficiency of

that such a retuin iseflf),tlinll(;ss he shall have clearly expressed his written opinion
of construction that ¢ b oo expected, even under the most economical system
the first considerataiona\?itpho SSlbl-y be applied.  This assuredly should have been
was to obtain a profitab] engineers employed by companies whose sole ol ject
guided by such a clons'da o, (i, o their investment. And had they heen
Cost 183,000, per milé eratlolhl, they would never have allowed their wori'{s' to
nor 40,000 1, nor even, ’3’6“ 178,000 1., nor 70,000 £, nor 60,000 L., nor 50,000 /
their li’nes wi’th qAuch def ’?90 L p er mile. Nor would they have cons‘c,ructea
their powesful e clective gradients as must necessarﬂy limit the loads of
i po’ rul engines to a degree that must consuine t} rof 1° o
attainable in the permanent Working of the lines e profits otherwise
25. Had engincers kept the interests of their employers in view they would

have

A GENERAL SYSTEM OF RAILWAYS FOR INDIA. "

have individually and collectively remonstrated against the extravagance and
fraud attending the preliminary investigation of the merits of projects prior to
their sanction and adoption ; the frauds in valuation of property, law costs, &c.;
and had they done so, Parliament would have listened to their remonstrance,
and would have granted reasonable protection to the most useful class of
speculators who have ever shown themselves in the British empire, and who, as
matters now stand, have been pillaged by the inexcusable negligence of those in
whom they confided to the extent of so many millions of pounds sterling.
Happily for India, its Government have not overlooked the justice and wisdom
of protecting this class of investment from the futile processes and scandalous
frauds which attended the preliminary investigation, the legal chicanery, and the
acquirement of the land in England.

26. Butit is still imperative to adopt the most arduous and incessant scrutiny
of all projects, as well as supervision in the subsequent execution, to eradicate
the grave errors in the former, and the extravagance in the latter, which will
otherwise assuredly emanate from those trained in the practice of England.

27. For greater security, I have given, in the above Table to para. 22, a
scale showing the number of miles which might be made at different rates of
cost to the amount of the capital which I assume the annual saving on the
military _establishment would produce in each of the Presidencies. But
although, for facility ¢f calculation and precaution sake, I have extended this
scale from an average of 5,000 /. per mile to that of 10,0007, I am nevertheless
convinced that the lower average of 5,000 l. per wile ought amply to suffice for
single tracks, if the engineers in charge can be forced to keep constantly in
mind that the one thing needful is a remunerative return for the capital con-
fided to them. My own experience, the results obtained on the continents of
Europe and America, some few cases, even in our own country, as well as the
comparative low price of labour in India, all tend to confirm this conviction. It
will be safe, however, even holding this opinion, to limit, in the first instance, the
authority for construction to one-half of the mileage which could be at that
rate; a quantity quite sufficient to open the main lines of trunk road through-

out the several Presidencies. It would give—

For Bengal - - - - - - - 3,120 Miles.

For Madras - - - - - - - 1637 ,

For Bombay - - - - - - - 1,072 ,
5,829 ,,

28. I have no doubt that the saving upon the military establishments may
be fairly calculated to cover the risk of railway guarantee in the Presidencies
of Madras and Bombay, as well as in Bengal. The natural formation and fall
of the land, the commercial requirements as regard lines of railway, and the
military points of occupation in those Presidencies sustain this view. In Bengal
it must be allowed that all these matters have a singularly concurrent coinci-
dence ; whilst some peculiarities of the Bombay Presidency call for the most

‘cautious and judicious consideration in order to secure to it the full measure

of advantage of which it is susceptible.

29. In this view, I apprehend that the project now in progress at Bombay
calls for some very important modification of the original design. Itis to be
hoped, however, that this modification may be effected without the necessity
of abandoning for one object or another any of the work done. It wasan
error to contemplate carrying the great Northern traffic, including that of
Candeish and Berar, over the Syhadree Ghats. At the same time, the portion
of road made from Bombay, as far as Tannah, will probably be found suitable
as the cdmmencement of the great Northern trunk road ; whilst from Tannah,
on by Callian, &ec., the work done may come into use as a‘branch towards
Sholapore, &c., from the trunk linc. :

30. It would appear that the projectors of the works now in progress at
Bombay, proposed to cross the Syhadree range by the Malsej Ghat, 2,060 feet
high. “They propose to surmount the precipitous portion of the Ghat, 1,170
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feet high, by a fixed engine incline of about six miles, with a gradient of about
one in 18, or by an alternative incline 13 miles long, with a somewhat reduced
gradient. They would then proceed through the table land due east for 20 §
miles to Alleh, the maximum incline being so great as one in 113 ; at Alleh
they would send off a branch to the south-eastward, in the direction of Shola-
pore; but the principal object appears to be the northern line from Alleh through
Qandqlsh, and crossing 13he Taptee and Nerbudda rivers, they would take the
direction of Agra, after passing by Mow Indore, &ec. ; they would also throw off
a branch from the Nerbudda, bearing on Allahabad. Here, then, we have gravely
proposed a most erroneous project of a grand trunk road, by which the whole
northern, north-western and north-eastern traffic is to approach Bombay, the
lmportant mercantile capital of Western India. Between Bombay and Ag’ra it
appears to be the intention that this great trunk line (second only to that of the
Ganges, if even second to it,) should pass over no fewer than four unnecessary
and fierce ranges of mountain, of which I imagine the aggregate amount of rise
and fall would not be less than from 8,000 to 9,000 feet ; whilst on the natural
route .by Surat and the valleys of the Mhye and Chumbul, there is but one
Summit to pass, at Neermuch, between Bombay and Agra; the height of this
summit 1s 1,356 feet, which added to the fall from Neemuch to Agra, say 850 feet
would make the total rise and fall by this line only 2,206 feet, whilst the distancé
would be about 120 miles less than that by the hilly route through the Ghats.

. 31. The same reasoning which overthrows this roject, as a general trun
:me between Bombay and Agra, holds equally againga tljlat portiongof it intendel(;
l;) open an 1r}terc01_1rse between Bombay and the districts of Candeish and
erar. On ?hlS portion of it the aggregate amount of rise and fall would probably
f’xceed considerably 4,000 feet, whilst by the coast we go level to Surat and
ranch off by the Taptee Valley at the slight gradient of the river, without

passing any range whatever ; nor would the distance b thi
over the Ghats.a Yy this route exceed that

32, The best route harmonises with ever eneral and local interest i
In their widest extent, whether g regardinig, g;he north, by the route I ;f'og(lg?
with the power of throwing off branches, or as regarding the east by the valleys’
of Taptee, Nerbudda, Soane, Godavery, Lower Kistna, &c., or as regardin
thp ) vgre:st, by (.}uzerat, Kurachee, the Indus, &c. Nothing can exceed th§
g;gl'lllll))lzl;;y olf;I tltxllls mode u{)&' Obpening the communication of all those districts with
. othing co e e i i
braffic of any of th%m uld then(l;.(;::tsl.)r posterous than to think of carrying the

33 There is no doubt that the interests of the table-la

-land east and -
gast from Bomba)f call for every exertion to open a passage through the SSO;}txg-
lxl'ee range. Butit is with this view, and this view only, that the work done to
the eastward of Tannah can be made availahle.

34. I shall not here enter into the smaler question of, whether the Malsej or

the Bhore, or any other particular Ghat, might have b
through which to reach, tllx)at tI:l‘)ll :-liand. > Might have been the preferable one

35. But what I most earnestl i i j i ‘

¢ farnestly appeal against, is the project wh h i
;)(I){ﬁzt nt:)) rtz;zl?ptl}';)ach tthe ilstl'lct of Candeish or Berar, or angr other l;far? z:’sf %11;1;;8
: » L€ eastward or the westward of those districts, by any liner \
]é::)ssg%rl ovir thf: Ghats. I trust that the East India Directoxys an)(rl t?xe vlg]?):.f'fivglt"

o havvglh refist every suggestion made to them with this object, until the
ol fY eard from the Governor-General of India upon the subj’ect And};
roh ofyt lcl:;)sn;rrllr;;::di thatrthlst Lordship’s %xperiex'xce will sustain the viéw which
ta mportant subject. The nature of the e i isely
sl,lllr::ilgr hti(;, thoggh of much greater magnitude than, that v:'ll;(i)(lz'hlsl pﬁ:f:f elll)t
consiceration in the project of the East Indian’ Railwa .

in Bengal. He did not hesitate in adopting the remedy I recommex{dg(f l;pi?xg

on their “transport of goods th inevi
at would be the inevit
them aver several fierce ranges of hills, when a much lsla:

avoiding - those hills, and combining the i
generally. . o) broadest inte

ble effect of carrying
orter line can be had,
rests of Indian trmaffic

36. The
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36. The project above referred to proves, at least, the pressing necessity of
laying down without delay some general and well-defined principles of action on
the subject, as a protection against similar errors in future, and with a view to
direct, concentrate, and combine with useful effect the efforts of well-intentioned
active minds. With this object I would propose the following broad rules in
respect to railways, for the adoption of the Government of India. They may
somewhat startle European engineers, as aiming at a degree of perfection of
which our section of the world might scarcely admit ; but the more they examine
the physical formation and circumstances of India, the more they will be con-
vinced that what I propose is in strict harmony with those natural advantages
which Providence has placed within our reach there, if we can but appreciate
them, and exert the requisite degree of judgment in their application.

37. 1 propose,—

1st. That all railways constructed in India shall belong to one of two classes,
—the first or the second class.

2d. That the regulating gradient of the first class or trunk railway, shall not
exceed one in 2,000. By “regulating gradient ” is meant the gradient which
shall regulate the load of the engine.

3d. That no regulating gradient of any second class or branch railway shall
exceed one in 330.

4th. That short alternate impulsive planes may be introduced to assist the
ascent, not to exceed a length of half a furlong each, and not to be nearer to
each other than 13 furlongs.

5th. That no line shall be undertaken when the estimated cost shall exceed
the average rate of 5,000/ per mile of single tI:ack ; but that this rate of cost
is fiot expected to include the bridging of large rivers, as the Soane, Jumna, &c.,
exceeding half a mile wide at flood level ; such rivers are to be considered as
breaks, or temporary termini, when goods and passengers are to be carried
across on rafts.

6th. That no line shall be sanctioned except for a single track of rails, with
masonry, cuttings and embankments to correspond ; the ground, however, re-
quired for a double track to be in all cases secured. ‘

7th. That no locomotive engine shall be introduced to India for 10 years,

A‘except such as the ratio between the length of stroke of piston and the
- diameter of the driver wheels shall sanction, with reference to the maximum
- load, notwithstanding any sacrifice of velocity on the journey; Rule No. 11

contains an exception from this restriction.
8th. That when piling for foundations be requisite, the foundations are to be
Jaid to suit a double track, although the superstructure is only carried up for

a single track.

9th. That no portion of any line shall be permitted to open for the transport
of goods or passengers until the capital account for the construction of such
portion shall have been closed.

10th. That no more than one train daily shall run in each direction upon any

line until the traffic shall furnish more good§ and passengers than one engine
can carry, after which a second may start daily each way ; and that when the

traffic calls for three trains fully loaded per day, then arrangements shall be

made for laying down a second track of rails.

11th. That, notwithstanding the tenor of Rule No. 6, if on any line it shall
appear that the profits exceed a dividend of six per cent. per annum, it shall
then be permitted, if thought advisable by the directors of the company inter-

“ested, to introduce engines of higher powers of velocity, with a view of running

passenger trains separate from goods trains. '

12th. That the height above the sea of all obligatory points throughout India,
having reference to the construction of works, draining, irrigation, &c., such as
the highest points or necks of valleys, the low passes in mountain ranges, l?e
obtained and recorded with all convenient despatch on the maps now in
progress of construction by the Surveyor-gen.eral’s d.epartmsant; and that, in
addition to this, the height of numerous points of inundation level be taken

upon the rivers of India, and recorded uvpon the maps at intervals of two or
131 B three
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three miles, so as to admit of the protraction of
of such rivers; and that any striking peculiarity
ground between adjacent rivers, be reported up
his subordinate officers ; such reports to be met
as records.

38. Although the object of the foregoing rules is sufficiently obvious, still a
few observations upon them may not be considered superfluous. They seek to
unite all considerations in the grand object of securing a remunerative return
for the capital employed, without which it is cleay that the progressive expan-
sion of the principle involved cannot possibly be carried to the extent required
by the interests of the Indian people. They keep in view the first principle of
advantage possessed by railway traction over all other kinds, that of enabling
the smallest power to produce the greatest result ; and they tend to secure that
that result, so absorbing the power, shall be as much as possible applied to the
movement of effective load, and that the power shall not be absorbed either in
the mere luxury of a superfluous velocity, or in contending with gravity or
unnecessarily steep inclines. They seek to secure the principle of economy both
in the permanent working of the lines, and in their original construction.
With regard to this last censideration, there is no question that if engineers are
forced to work with economy they can do so. I am about to inspect a line of
single-track road that has been lately constructed at home, at an outlay of
5,000 /. per mile : if I find the result of any importance, I shall not fail to report
it for the benefit of the Indian Government; and if a work can be produced

here at that cost, there can be no question as to its sufficiency in India, where
labour can be had at one-seventh of our rate.

proximate sections of the slope
in the lines of rivers, or of the
on to the Surveyor-general by
hodically arranged in his office

39. It is necessary now to refer once m
already alluded to. In it we find that the 1

the land in India, for the year 1848-49, amounted to about 14,274,272 1., whilst

the charge for buildings, roads, and other public works, exclusive of repairs,
was in the same year, 1848-49—

ore to the general Finance Account
and revenue, or government rents of

£.
In Bengal Presidency - - - - - 53,568
In North-western Provinces - - . . 192,780
In Madras Presidency - - - - - 23,801
" In Bombay Presidency - - - - - 24,811
Torar - - - £ 294,962

40. From this statement it would appear that nearly two
expenditure in public works in India for the year 1848-49
North-west Provinces, and probably the greater part of it
unfit.artaking, the Ganges Irrigation Canal, a work highly creditable to the
British Administration, and one which, when completed, must prove largely
Témunerative in a financial point of view. The balance expended on public

works, exclusive of repairs, in all other portions of India a
102,182 /. for that year. > #ppears to have been

-thirds of the total
was incurred in the
for that magnificent

43. What the right proportions of revenye may be that are due to these two

heads,

- proprietorship o

A GENERAL SYSTEM OF RAILWAYS FOR INDIA. 11

i itimate requirements of the country ;
heads, can only be estimated by the legitimate req (
lai'ing’ down, az a general maxim, that all such legitimate requlrfzmen:s sh;)uld
bring back, directly or indirectly, a corresponding return for the investments.

] i i their Government, as above
44. The just claims of the Indian people upon t
described \;vill be better understood whendlt blS c}(:ns(x}dered thatt th(:,1 Srtnotr(x)ogcgife:{
( i i t the Government must,
the proprietorship of land there reserved Dy ' i g
adual growth of the monied and speculating
extent, have prevented the gradual gr 0  monied_and speeulatine
ich in England produce the vast variety of enterprising 11 als,
;lszzsceiz,tif)vr}ll;c};r:(rll corrlfpanies who have effected such marvellous results in drawmg
b
forth the industrial resources of the country.

is di what may be the ordinary average charge for the
im?)ic.)vliz:o(i)le;ﬁrz;l(fnzooiai well-mana}:g'ed English estate upon ltlfl antr)mal‘r;i?tait;”
but if we assume it to be 20 per cent., We shall not probably be gu yual
exaggeration. This proportion of the Indian rental would a;nount t(i ?;ngnnro-
outlay of 2,854,854 I. by the Government 1n 1ts position (é gte;lexzxx Jane iIIl) o
prietor, irrespective of such further sum as it may be prudent to exj
position of Government for public works.

i i ining in its own hands the
i f the Indian Government in retaining in its .
4t6. r{"h:hgllsgr?én a;) a public revenue, cannot be overrated,. and 1t_only remami
:gnfosll(())w up this wise principle by a libera% fulfilment ?f }I,s dutuzs as. gen:&':r
italists i i i i sources of the country, in o
talists in fostering the industrial reso .
i?)ngflcllﬂfi%tl‘,pghe most perfect financial administration of any government in tfl}e
1d. It must rapidly lead to the abolition of every existing tax or duty, for
:‘g:'t is not a tax; and the rent or land revenue would soon be found amply
sufficient to meet all the cost of government.

“ ilways, or their guarantee
f the Government on account of ra}lw yS, ]
t 47(;ngfli2‘s1ﬂf?)); Osuch outlay, as well as the expenditure fo'r construction of
irrig ti pn canals, and all other works beneficial to the occupiers of land, must
11:': lg(?oll((()ed upon ‘as so much money invested lziy Goverr(xlmint in ht(’lulda?(:;ﬁogg
jetors of India. And the operation o
i n them as land proprietors of :

'tr}:xe f(l)?rlllrrll u?l?vestments would rapidly stlmulate. every branch of 11_1@3strly, and
;)r(?mote %he consequent accumulation of wealth in the hands of individuals.

i i lass of private eapitalists so much
in fact, call into existence the class : : . :
'wailttivrvl(éuilr(ll’ Ilrxlldia, t,hat class which in Europe originated in the first instance in

inci t having given away to private persons the
the principl Off t{;;lngv‘;figllxm;r? India lglas been so wisely retained as state

revenue. o .
ill deny the broad nature of the claims in this respect

h‘% 8}.1 g;(()a 0133?)})’10: (:)I}’ IX&?a havc}e’ upon their Governmept. ) Npr can a}r:y one1 dpny
he 1 d 'Ir)lterest which the Government must haye in hquld.a@mg these ¢ z:.ll_ms,
the b.r(()ia 1 has been shown they are, by the certainty of deriving an npné? liate
:Z(:in:n{pzli: direct as well as numerous indirect profits for all such judicious

expenditure.

ia has so far escaped from the errors
49. I take for granted, then, th'at as Indl-a ian Government will
: on of railways, the Indian Gov \
22161‘2;1 ":Y; :}tltgsd:(igrl:te ‘I]Illlg‘l(())(li(l)llf:l commenceir}e;:lt in Benlgﬁlk:giszvfgzypa?:;};}:
. Ny : f the English errors.

precaution against the occurrence o in giving to India the advantages of

th%t as mu}(l:h t‘lczi s}t:aesx :rl':ifz)::ldsy vg%eﬁolvgsf)énuged fgr their judicious introd;xcmgg;

fr?] ov:(?zxs',t;ai 1}ller productions may be sﬁmulateq aqd (ﬁlable(lrg(i g);;l]?:t:. Wlt/[y

those of other countries, and particularly of America, in ’cI e (ﬁznhas e inced o

own experience whilst employed in this 7 AT t i cessity of these two

that the Government is fully impressed with the urgent rtxe ut t{le precautions

principles ; and that it is only necessary clearly to pomb ¥ fely accomplished,

required, and the mode by which immediate execution can ? s:n 'Zhese measures

in order to ensure the utmost activity In the adoption : be of such vital im-
which shall lead to the fulfilment of what they know to ,

portance to their territories.

50. The first object must be to lay down the great trunk lines, with a view to

. : inci 11 ensure the most
the broadest future ramification, and on : grmcxple that sha profitable
131.
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Ei‘&fiﬁl;iki% It)ermanent ;vi)rlégng. of the lines generally, bearing at once upon the
/ ntercourse o . : Sl
Europe, &e. ndia itself, as well as upon the intercourse of India with

51. Here we must keep in mind a few i i

. \ . great leading features in the Q-
p}uc'al formation of the peninsula of Hindostan ; ﬁrst,gthe great wes’cergerozgll ae
of hills parallel to the coast, at a medium distance of about 40 miles from ;gt
and running south from the Taptee Valley, for 700 or 800 miles. ’

82. From the western range a formidable s j
' pur projects for about i
the eastw.ard, reaching near to the centre of the peﬁ]insula from a 4(?i(1)1tm'lles Itlo
Ghat, a little to the north-east of Bombay. (a) P i the

53. A feature of much general import i :
portance In our present i i

Great Central Omrawuttee table-land. It sheds itls) watlzzrsc ;)rrl1 S(;g:rat:ﬁ;lé lts' th(?
first, to the north-east by the Soane Valley, which falls into ther}(’}an ec lon(i
passes (alcl}tta; second, to the south-west by the Nerbudda and gTS, ztln
Whlt(}}h falzs m(tio Ehe (grulér of Cambay, on the Bombay coast; and third t%pt(;fé
south-eastward, by the Gunga, 1} v T ’

the Madras coas’c.y g2, Godavery, Mahanuddy, &c., which flow towards

54. Keeping these great geographical features in min 7 .
overlooked in any general pro.ig:tpwithout fatal error), t%e(yarflgrgs eg g?lnn()t tge
knowledge pf what the great arteries of commerce must necessaril bg ;a dwith
those arteries our trunk roads must correspond. We must remem)l’)er t’herir(1 Enth
of the Ganges and Jumna, whose waters flow from the Himalaya to the s?) :{15
eastward for about 1,300 miles, passing by Caleutta and many of the ric}lies;:
districts in India. If we keep these leading features always in mind, and seek
t(()1 accomplish the object in view without throwing away our grez’xt natural
gczglx;t;f?:ﬁ, \?;t:;nfsnz%ag;i outt);;'age scilentiﬁc axioms, or fruitlessly striving to

. ) sable merely to gratify erronéo i
W}ﬁcll)l are taken up In total ignorance or carglressn);ss of ﬁr:tS I}I?i(;laclill)rll(iue&(;isé
;“di e 1o doubt that singularly profitable trunk lines can be selected throughout
India, which shall admit of judicious ramifications to any extent th tgl al
Interests can possibly demand hereafter. d e

55. In accordance with the princi ined i
¢ principles contained in the foregoing paraer
%‘Se l::'ilr}m r%;fs ;gft)l]l tlllos}:: ﬁdvocated in my reports, dated 29th .?anu%rr; an%a%);lt%
: » 1 shall now proceed to consider the lines of rail i i
which would lead to the most ive system of interc
n w perfect and comprehensive system of i
munication that can at any future time be looked for y for Tnd
exbibioy  that can ) ooked forward to for India, as
panying Sketch Map.* On this map the [ ’
Red represent the main or tr i | | Vollons rompemoured
: unk lines, and those marked Yellow r
fg;:&n%asrx ortﬁ_ranch _lmes. It will be observed that the direction ?i)f;ielg) ti:lei
ays -In this project is as much as possible in the course alle: v
: as of the
:foi as rarely as may be is 1t proposed to cross any valleys or rangzgegg ,lgll'rllld
N‘o slvix(')sxetly: ﬁgached to this map are two Fly Sketches, marked Nog. 1 andl2 X
. 1tams the most important portions of the lines whj : i
L ' ich sh
;Zilscté'g;:ted, supposing the capital only procurable under g guargglt(:eb:f %I‘St
or cen .,lzfls set forth in column 3 of the table attached to paragraph 22 Vg
oo rete ;‘:gigntlct)ed to :bout one-half of 47 millions sterling, reservingzD thg other z:H
S meet contingent events until extensive experi
’ ] t er
§IIIVEI(1) Prac&cal an@ certain data. Fly No. 2, contains an I:zxtleer?s(i}gnsf)l? llNhave
pposing the capital procurable on a guarantee of three per cent Whi((:)l.l lI,
‘3

56. I shall now close these memoranda, and whi i ;
gle assmta;llce which the Secretary to the’ Courth;lf?tlgfrlzzg(z-lse%%lrtl}%ewllﬂth thanlfs
’tomiﬁalll)y as afforded me by free access to the maps, &c., at the Indj ashlndm
lh“il e unders’good th.at I only seek to point out a geileral rinci 1? ey
shall be a protection against the incongruous errors of isolated a(ﬁiorxllmp f ’bvglliléfrlé

the

—

(a) Since writing the aliove, a principl i
) ple has cccurred to me, as given in i i
the engine may be enabled to surmount considerable asccuts, 'witﬁ the loa‘(}%ﬁx?(tl;xz’t Ege?;ra{! hich

'
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the sketches of projects which I offer in my plans and schedules will be found
to have this effect, as the basis upon which they rest and their relative bearing
with each other are strictly mathematical ; nor do I believe that the principle
can be superseded by any other that should not have an injurious effect.

57. I should have hesitated at this distance to put forward so large a subject,
necessarily connected with the minute physical structure and wants of the
various particular localities of the vast continent of India, had not the evil con-
sequences that must arise from the deficiency of some sound general plan of
operations been illustrated strongly in my mind by the erroneous project now
in progress at Bombay, as well as by the Bengal project, in the state in which I
found it on taking charge of the Railway department under the Government of
India. These are the only cases where the introduction of railways has been
practically attempted in India, and they were so crude and unfitting, that had
they been persevered in under the original intention, they must have not only
failed as individual cases, but their failure would have blighted the principle of
such works. T earnestly hope that their correction may lead to a very different
conclusion. The traffic of India has no broad margin like that of England to
cover grave errors. The capabilities, however, of India are numerous, and her
traffic, such as it is, will suffice, provided those capabilities are turned to the best

possible account, but not otherwise.

58. 1 shall only venture further to suggest, with a view to prevent unne-
cessary delay, that the Governor-General should be furnished with a power, if
he does not already possess it, without reference home, to incur the requisite
expenditure to investigate by reconnoissance or survey, or by reports from speciai
officers, the merits of such railway projects as his Lordship may think fit to
order. If this be conceded, much indispensable preliminary knowledge may be
obtained at a small cost during the ensuing cool season. I would earnestly
press the advantage of having as many projects of this nature as possible now
brought up, as there is no chance of any one hereafter being placed at the head
of the local Government of India, whose experience on the subject of railways
could attach such value to their recommendations or decisions as that of the

present Governor-General. )
o (signed) J. P. Kennedy,
Major.

131. B3 APPENDIX.
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Appendix, No. I—continued. &
‘ APPENDIX ~
TABLE referring to FLY Sketcu No. 1, showing the Number of Miles of Railway in that Sketch passing through each
Presidency, with the corresponding Cost, at 5,000 /. per Mile.
No. 1.—Sketch M Lines oF RarLway. Bexgar. Mabras. BoMBAY. ToTaz.
. L—Sketc ap of India, containi rects - : T
Kennedy. ) aining Projects for Railways, by Major J. P. —_—
Table, with Fly Sketch, No. 1. Miles. £ | Miles. £. Miles. £. Miles. £.
Table, with Fly Sketch, No, 2. 1. Caleutta to Agra, by Ganges
N and Jumna Valleys - -1 900 4,500,000 - |- - - - |- - - | 900 4,560,000
o. Il—Proximate Sections, to i : ’
illustrate the err ; .
the Great India Peninsula Ra;;:mscm progress under the Project of 2. Bombay to Agra, by Surat,
Bombay, &c. y Company, in the Presidency of Broach, and Valleys of
Myhe and Chumbul - 409 2,045,000 - |- - -| 309 1,545,000 | 718 3,590,000
No., III.—Suggestions b i . )
%%mbav an ({ It\ﬁzJolf ll){]ennedy for opening Railway Intercourse between 3. Madras to Surat Junection, by
Sketch” . able Land, passing over the Syhadree Ghats; with Coasts and Valleys of Go-
etch Map illustrating same. ot duvery and Taptee - - - |- - -] 82 4,100,000 | 160 800,000 | 980 4,900,000
No. IV.—Tabl ; . . '
art:ozezngl %f:’t;mKOf Impulsive Inclines, explanatory of new method pro.w 4. Mad#as to Malabar Coast, at
ol gLevJe l upi::é:ﬁ{’ to enable Locomotive Engines to convey Loads goniuny, 1by Cléinél(;{)ut,
s richinopoly, and Valleys
f Coleroon and Poniany - - - - -| 394 1,970,000 - - - -1 394 1,970,000
No. V.—Sketch, Plan i ¢ T
. s , and Section of the Proposed Li f Rai
Colliery Junct; - P ine of Railway Letween the .,
“layinc)r’ outn’(’:t]v?zl‘]thand _Rajmahal, in Bengal, to illustrate the Method of > Madra’i‘ i B?{?'Dl?lore’ Areot | 1. . .| 20| 1,000,000
the most Pe;‘fectlL' o Vltjv}v] tﬁ avo}?lllnnecessary Gradieunts, and to obtain and Tuflar ¥y = 7 A o R N 1,000,000
ine with the smallest Amount of Cuttings Tk
ments ; wth explanatory Note and References. gs and Embank- 6. Bombay to Sholapore- - -l - - - |- - - 85 1,750,000 | 350 1,750,000
7. Baroda to Kurachee, through
Guzerat - - - - 230 1,150,000 115 575,000 115 575,000 460 2,300,000
8. Madras Junction to Hydra-
bad (in Deccan), by Kistnah
Valley - - - - - |- - -] 200 1,000,000 - |« - - 200 1,000,000
9. Agra to Lahore, by Delbi - | 885 1,925,000 - |- - - - |- - -1 383 1,925,000
10. Kurachee to Mittonkote,
Indus Valley - - - - |- - - - |- - - 850 1,750,000 | 350 1,750,000
11, Rajmahal to near Darjeeling | 140 700,000 - |- - - - |- - - 140 700,000
12. From near Simla to Junction
with Ganges Line, near
Kurnal, by Jumna and
Ghiree Valleys - -1 100 500,000 -0 - - - 1= - -| 100 500,000
2,164 10,820,000 1,729 8,645,000 | 1,284 . 6,420,000 | 5,177 25,885,000

B4 TABLE
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TABLE referring to FLy Sxkercn No. 2, showing the Number of Miles of Railway in that Sketch passing through each
Presidency, with the corresponding Cost, at 5,000/, per Mile ”

Lixes or RaiLway,

13.

14,

16.

17.

18.

19,

Brought forward from Fly
Sketch No., 1 - -

Burrampooter Valley - -

Bombay (Ghat Junetion) to
Nundair, Goduvery Valley

. Poonuh  to  Meuritch, by

Satara -

Assim to Chittigong and
Arracan - - - -

Nerbudda Valley - -

Nagpore to Junction with

Bombay, Surat and Madras
Line - - - -

Mittonkote to Lahore - -

. Lahore to Attock - -

|
i
Bex . ‘ t
; NGAL ; MADRAS. BomBavy. Totar.
! -
ii Miles £. Miles. £. Miles. £. Miles. £.
2 7 5 :
»164 | 10,820,000 | 1,729 8,645,000 1,284 6,420,000 | 5,177 | 25,885,000
650 3,250,000 - - - - |- - .1 65 3,250,000
S - - - 245 1,225,000 | 245 1,225,000
- |- - . - - - 135 675,000 | 135 | = 675,000
540 2,700,000 | - - -« = |- . -l 540 2,700,000
450 2,250,000 | - - - = |- - -] 450 2,250,000
135 675,000 - - - - |- - -1 135 675,000
300 1,500,000 | - | -« = |- - -y 300 1,500,000
; |
200 1,000,000 - 1 - - - - - - 200 1,000,000
bl
. - l .
4,439 22,195,000 | 1,729 ‘ 8,645,000 | 1,664 8,320,000 7,822 $9,160,000
‘ ‘ ’ ’
|

)

. for 6 hours out of 24 at this labour is a hardship, whether |

-
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Appendix, No. III.

On Opening a RaiLway from Bombay into the Table Land, across the Syhadree Range.

IN the foregoing Memorandum (paragraphs 28 to 36), | have stated the objections to any
trunk line being carried over the Ghats, having for its object the northern, north-eastern,
or north-western intercourse of India with Bombay. I have also stated that the interests
of the extensive districts of the table land would call for the construction of one or more
branch roads being made over this great range of precipitous mountain. And I now have
to request the most earnest consideration as to the mode in which such an undertaking
shall be effected. It is an enterprise of which the project and execution will test the
resources of the railway engineers of India, and 1 trust that the Government -will not
sanction any of the objectionable schemes hitherto brought before them.

The idea of a fixed “engine incline of 6 miles at 1 in 18, or of 13 miles at 1 in 40, as
well as every other makeshift contrivance, should be rejected. An admirable road for a
locomotive, with an ample and justifiable load, can be obtained along the face of the range.
In fact the ascent can be surmounted at any required gradient, as the power exists of
lengthening the base to any required extent.

This is & work in which the character of the British engineering profession is not more
interested than that of the British policy and interests in India. It will prove to the
nations of that country, if properly done, that their rulers are capable of overcoming every
difficulty opposed to Indian progress.

Those wEo have already reported upon the structure of the district state, that it is most
favourable for tunnelling. If this be so, it is only requisite to establish a_judicious and
economical principle for driving the tunnels, as well as for executing the side cutting and
viaducts between adjacent tunnels ; and the engineer may boldly select a first-class gradient
for reaching the table land without any apprehension of an exorbitant rate of cost.

When I commenced the first tunnel in the Himalaya Mountains, on the Hindostan and
Thibet road, I was influenced much more by anticipation of its effect upon the dawning
subject of railway construction in India, than even of its utility as an integral portion of

" that particular road. 1t was specially important to prove that that class of work could be

executed at a small cost; with that view I obtained from Mr. Edwards, the superintendent
of the Hill states, the allocation to this work of a small party of convicts, who were a con-
stant charge to the public, and had previously given very little in the way of a remunera-
tive return for the cost of their maintenance. The party of convicts was divided into two
gections, one for each opening of the tunnel, each section being dividc_ad again into sub-
sections or squads, relieving each other ever{ six hours. As the law did not authorise us
to employ the convicts in the night reliefs, I was obliged to %et hired labourers for that
duty; so that one-half of the work was executed by convict labour, and one-half by hired
labour. The overseeing of the work was done by privates of a Sapper company, which
was placed under my orders, and which furnished me with all the overseers I required along
the whole line of road ; nor were those Sappers employed on any work except as overseers.
There was a Sapper overseer for each relief of the working parties at each tunnel opening,
and they were particularly useful in the boring, loading, qnd ﬁnpg_ off the mines, There
was likewise @ blacksmith’s shop established for the repair of mining tools at the tunnel.
Thus the work was carried on day and night. The overseers were not any additional cost
to Government, as they were permanently paid military men. And one-half of the labour,
exclusive of the repair of tools, was likewise without cost, as the convicts must have
been maintained at the same rate of outlay, whether they had been thus employed or not.
The outlay by this method, up to the time that T gave over charge of the work, was far
within 6 d. per cubic yard of excavation, exclusive of the cost of powder, which I obtained
from the Government stores of captured ammunition, and was no cost to the Government,
as had already been proved by large quantities of it having been blown up as useless or
superfluous. )

It will be observed here that I could not bring down the
rate to the minimum of cost at which it may be effeqted,
because I could not employ the convicts in the night
reliefs. This, however, can be easily obviated in future
works of this class by a Government rule on the subject ;
and no one can object that the employment of convicts

by night or by day. In fact, the night work 1s the pre-
ferable of the two, particularly in summer ; and tunnel |
work is preferable to.any other n the Indian climate. |
The tunnel itself, too, forms the safest and coolest place |
of confinement and lodging for the prisoners employed.
The forms and dimensions of a tunnel for a single track of
rails may be taken as in the accom anying diagram, which
would require the excavation of about 30 cubic yards of SSEEE -
rock per yard forward. This, at the rate of 6 d. per cubic yard, would enable us to execute
the tunnel for about 17 5. 6 d. per yard forward, exclusive of the cost of powder.

The
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PAPER._ RAILWAYS (INDIA)

S APPENDIX NOIL. . .
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See Sketch Map
annexed,

See App. No. IV,

pexr'l;)l::) (%Zetfllgtfuil face }?f the Syhadree range will probably be found to average about one
Ghats above tho iree ?rlzontal, with an elevation of 1,500 to 1,800 feet at some of the
s above .ihm?re evel country at its base. Its crest, for the most part offering a
conds, whint, with alternate salient and re-entering segments of curves of varying radii and
e w: (t]nay assume to average somewhat less than semicircles of about half-a-
princinle u - nh_ (;lc:ﬁsmnally diversified with spurs of considerable projection. The
princiy ﬁttg)d fovrv 1(1: ese data should be dealt with in order to procure at the lowest cost
25 possible to th a otcomlotlve followed by a remunerative load, will be to conform as much
28 Dossible i tt'e natural contour line of the hills, where the width can be obtained by a
by g)uttin ¢ u tmg, 1lnte1sect1ng, when necessary, such portions of the projecting segments,
b bringk t(l)]r unne sl, 1z':md of the re-entering segments by embankments or viaducts, as
o ga . e genehra ine within the hml.ts of well-considered radii of curvature.
tuned th_sume }: at the large proportion of one-half of every mile should consist of
Lanne a,. mills, a:_ the rate above stated, of 17 s. 6 d. per yard forward, would make the cost
e S e_(;) tum}‘eillmg 682 I Let us assume that the other half of each mile, consisting
oo wg ‘;151 (fdcuttlugs, embankments and viaduets, would come to an equal amount of
704, we s hould thus have the gross amount of our road-way ready to lay down the rails
at a costof 1,540/, per mile, which I believe would be found fully sufficient, as we must
recollect th_at the tunnelling and side cutting would give an ample supply of l;uilding stone
and ballasting, But.to render security doubly sure, we shall add nearly 30 per cent., and
say that the preparation of the road-way for the rails, including tunnelling, side cu.t,tin r
t‘}rll}bankments, vxadpcts and ballasting, may amount to 2,000/ per mile. If we add %(;
; 18 for cost and laying of slgepers, rails, &e., per mile, 2,800 L, and road station-houses, &c.
00 . per mile, we shall have our road finished along the Syhadree range, and ready for the
en%lvn_e and trains, at a total cost of 5,000 I. per mile.

ith regard to the rate of ascent which it may be desirable to adopt, by inspecting the
table o_f' impulsive planes, we can regulate the length that the road should have, and t}inc
the point at which to meet the precipice in order to reach the particular ghat l,)y which w:
xlximgy pr%})olse to enter upon the table land. Taking the Bhore Ghat, which bears upon the
istna Valleys, upon Poonah and the Shoolapore district, as our point of approach, and the
helghth of this above the sloping ground at the foot of the precipice, to be about 1 500 feet
:;10 (‘:;V ::ixcl:gl 51 rise of 16 feet in the mile, which answers to a continuous slope of ‘one, in
o ) me an:wp te(lmre a base of about 93 miles to overcome the ascent; a rise of 30 feet
thle aécea 2 rng to a continuous incline of one in 76, would require 50 miles to overcome
o nl gf ll)ta S?zeocfh;tserm'x]ne‘d to adopt the old principle of a continuous slope, I should prefer the
T hove snoaont lmbl eb,dso as not to bring the gradient above one in 330. Butif the principle
Objectiongtgo St 1(}3; k ]fo?t ;‘plt)z(i; t}t])at of using ;he alternate 1mpuls§ve inclines, [ should have no
wi f}} the full weight that It § ) (;,](;a::}ss nu; ]tel‘?,etl .case we shall still be able to load the engine
e gg(;l;:]a;m ?tl;)ase of 50 miles terminatipg at the Bhore Ghat, would require us to commence
abou£ cent V:)a be precipice about 15 miles to the south-westward of the Malsej Ghat, or
Doint for o £ y.k et}vee}x]l‘ the Bhore and the Thul Ghats. And this would be a convenient
Cources of Kuilst, of which one branch should bear southward by the Bhore for the southern
Godavorw - na, and the other northward, by the Thul Ghat, for some source of the
Y5 2 50 miles base for an ascent of 1,500 feet would admit the adoption of the

alternate impulsi . . .
road. pulsive planes, enabling us to give the engine a load due to a perfectly level

(signed)  J. P. Kennedy,
Major.
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Appendix, No. IV.

ALTERNATE IMPULSIVE PLANES.

e —

TasLE, with Section attached, showing how Railways can be constructed, so that the Engine-power
shall be economised, and applied to the Traction of effective Load, instead o'f absorl.Jed unne}t;-es;
garily by the gravity of Inclines. The principle consists in making all qulck Inclines 5(;‘ 8 orf
that they shall not destroy the momentum or velocity with which the Train r(faches the foot 0f
each Incline before it arrives at the top. With this view, the ascent is acc(?mphshed by men.n:' o
short detached Inclines of quicker Gradient than the general rise of the Line, but not eTcee ing
half a furlong in length, alternated with Level Planes not less than one and‘ a half furdo:ixgs :
length. Thus the Engine is enabled to overcome vyery considerable ascents with the I-‘oa u:e :
a perfectly Level Road ; any retardation that the Train meets with on each ascent is corrected,
and the previous velocity is re-acquired on the alternate Levels.

G,.:-:?: or Alterg;(t)eFIex:ﬁ)ixéZgi aIcnhc’lmes, . Tractive 22z?;édper:‘::a .
Rise, which rezulates Four to each Mile, Contm'ued To overcome Fri::;;mn an N
per Mile, the L:ad Intervals glfagegoa;'eet apart. Gradieat Plane which regulates Load,
which maybe| ,f the Engine, : Req:;red
Required when Gradient P022: f)l;'u(f‘w:!t‘:lﬁty, Usual Practice By . By
va:il:ms Comz:led of pero’ll;on., to Jsing Alternate Using ::ethod
Railroads. Short‘::npu] sive ) Short II: clines, | Surmount Rise. |  Impulsive Long-continued
| Short Inclines. Opposition Inclines.
Inclines. to Inclines.
Engine Power.
Fest 1 In. L. | 1In Lbs. Lbs.
per Mile.
1 Level - 1320 1696 5280 6 6424
D) Level - 660 3393 2640 6 6-848
. 3 Level - 440 509 1760 6 727
4 Level - 330 6787 1320 6 7696
5 Level - 264 8:446 1056 . 6 . 8121
6 Level - 220 10-181 i 881 6 8545
7 Level - 18857 11:878 754-28 6 8:969
8 Level - 165 13575 660 6 9303
9 Level - 146°66 15273 586656 6 09-818
10 Level - 132 16969 528 6 10-242
11 Level - 120 18'666 480 6 10°'666
12 Level - 110 20-363 | 440 6 11.0909
13 Level - 101-63 22062 406°15 6 11515
14 Level - 04:28 23759 37712 6 11-939
15 Level - 88 25454 352 6 12:368
T Level - 825 27-151 330 6 12-7878
- -

1 trust that the principle of Impulsive Ipclines will be fouqd 03 important in the cor_regtion .of the
regulating gradients, and the consequent increase ‘of the engine’s ei.'fectxve lqad on existing lmgs at
home, as in the prevention of grave defects in t’hls respect in _Indla. It .wxll be found p'eculmfly
applicable on such lines as the London and Birmingham, &e., which are perilously crowded with trains
that appear still inadequate to the transport required ; & contingency that can only 'be met by increasing

regards effective load, on the principle 1 suggest, without increased cost,

the present tractive power, a8 ) ) -y : : :
or 1§yina down additional lines of rail on which to run additional trains, at proportionelly increased
¢ =]

expenditure, both for construction and permanent working.
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APPENDIX N9V contnued. .

SECTION OF IMPULSIVE INCLINES.
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ExpranaTorYy NoTE and REFERENCES to the PLAN, Appendix No. V.

ExpranaTOorRY NoOTE.

IT is most surprising and most unfortunate that in their railway practice engineers ap-
pear to cast aside in a great measure the consideration that is due to the broadest rule of
therr professional science—that which relates to the effects of gravity on inclined planes.
The case now before us exhibits a strong instance of this class of oversight. The nature of
the country from Rajmahal to Calcutta would admit of a falling incline in the whole length
of the line. If this result were obtained, the heaviest loads could be brought down with
the smallest amount of engine power, and there would be a corresponding diminution in the
consumption of fuel. But if occasional lengthy ascents are introduced 1n the wrong direc-
tion, and aguinst the general fall, as proposed in the engineer’s section now under consi-
deration, the highest rate of cost for fuel must be incurred to keep the engine power at its
full force on the whole journey, down as well as up; because it must be always ready to
meet the occasional ascenis in the wrong direction. This is a serious consideration, in
addition to the still more mischievous eifect of limiting the load of the engine. In the line
of country now in question there can be no difficulty in avoiding this class of error. If the
quantity of goods coming down exceeds much the quantity which goes up, it might be
advantageous to spread over the road as much as possible the general fall, expunging every
ascent in the direction of the fall, of which erroneous ascents the section contains about
thirty miles, All this can be easily corrected, without much cutting or filling, by merely
following a little more closely the contour line of the hills. It may be desirable to make
the line on the principle of expecting equal loading both up and down. This can be
effected on the admirable lines which [ propose for trunk-roads, by introducing what I call
the principle of alternate impulsive inclines; and the engine will thus be enabled to carry
the full load in both directions which is due to a perfectly horizontal road, even although
there may be considerable diﬂ'(j{ence of level between the termini.—(See Appendix, No.1V.,)

¢

REFERENCES.

Like colours represent the corresponding lines in both Plan and Section.

The broad dotted Black lines show the direction and the levels proposed by the engineer of
the East India Railway Company; from which it appears that his junction with the
Colliery and Calcutta line would be 51-57 feet higher than the terminus at Rajmahal,
although the latter point is more than 100 miles up the river. They show that the maximum
gradient is one in 1,000, where a much better incline could be selected; and they show
that he rises and falls unnecessarily 258'49, when there is the power of obtaining one
uniform incline, with a difference of level of only 5157 feet between his extreme points.

The Red continued lines, in Plan and Section, show how the project sent forward by
the engineer could be improved in its gradients, without changing the point of junction.

This, however, although a very great improvement, is not the most perfect correction that
can be applied. :

The Yellow line shows the most perfect improvement available, by the point of junction
being cl}angegi to another point taken on a level with Rajmahal, and throwing the whole
Intervening line into one plaune, which would consequently be quite level in its whole

length.

_The small dotted Black line shows what may be assumed as a horizontal contour of the
hills at the surface of the ground, of which the salient and re-entering curves are cut off by
ellow line, so as to reduce the curves of the railway within a desirable limit, without
Owever any unnecessary degree of cutting or filling.

In crossing a series of rivulets and knowls, as in the present case, it is impossible without
ruinous cost, and sometimes impossible, to obtain the most perfect railway in all respects
on £o straight a line as that proposed by the engineer’s project. 1t must present a constant
Buccession of easy inflexions, if perfection and economy are sought to be combined.
“ Laying-out” upon this principle gives some additional trouble to tne engineer and his
assistants, because it is easier to lay out straight lines than curves; but ?his additional
trouble is unavoidable if we desire tg keep clear of ruinous erress in our work. The question
18 simply Whether we are to prefer a railway with vertical Tnfletons, which must diminish
the load, or one with slight horizontal inflexions, avoiding thoseitbat are vertical. The
correction which I here propose will effect a saving of 2:24 Ibs, per ten of gross load in the

tractive power on the whole length of this section of the work, besides.a considerable saving
in the cost of construction, , b

. i
Torrington-square, 14 Sept. 1852. / J. P. Kennedy,

/ Major.
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