GOVERNMENT OF MADRAS.

PUBLIC WORKS DE PART MENT.

17th August 1881, No. 2,018 W.

Buildings and Roads,
Civil Works.
Read the following papers :—

6o. MEexoRgNDUM by Major A. T. FRASER, R.E., on Steam Tramw

the Metalled Roads of Indig.

Brixe at Wellington, New Zealand, in November 1879, where a steam tramway,
two miles long, is in operation, I was much struck With the ease with which it was
worked, the simplicity of r'ermstrm:tiuu? and the evident applicability of the system
to Indian roads. The trains, (H)]l.\‘iﬁ‘f.{nf_'; of an engine and two (.z()tiph\d omnibuses,
were carried with steadiness and certainty, at a speed of ten miles an hour, over just
such roads and gradients as are usual in India. Thepe s s intcrruptiou of ‘the
ordinary traffic. The trains stopped like horsed omnibuses to take up .and let down
passengers, they turned sharp round the corners of streets and went up inclines of
one in thirty-five. It was marvellous with what une neern stones, mud, and chance
rubbish were passed at full steam, and though the roove in the rails was exceedingly
slight the train showed no tendency fto leave _th(a line, The switches were simple
hinged bars which the conductor got down and adjusted with his foot ; the points,sidings,

. £ noaf ¢ r Q "hvs % 5 a g
and crossings were all of the plainest and most obvioyg description, formed chiefly by
common workmen out of the rails themselves. At one end of the line there was
shed to accommodate the rolling stock, and a sma]] workshop for repairs. It was

quite clear that if such a tramway could be run for twq mijeg upon a comparatively
uneven road, which accommodated at tho' same time g heayy traffic of quick moving
vehicles; there was nothing to prevent its being Successfully introduced for inuch
longer distances on the metalled roads in India.

ards its rails, the Wellington tramway 18 not a model for adoption. The
rails are simple bars of iron, of about 3 inches l)y 1 inch in section, rolled with a
groove. 8o far, being capable of being turned out i Indis they have a useful form, but
they require to be supported on a strong frm_rw-\w‘)l‘k of longitudinal and cross sleepers,
which would be much too costly for the ordmnary roads, Perhaps if Portland cement
concrete could be laid as a substructure instead _01 t“ﬂh(}l‘, bar rails could be fastened to
slabs of concrete and thus employed. The plain bar is the handiest rail as well as the
earliest pattern used on tramw and experiment With eonerete is desirable. In roll-
ing however attention has to be given to the shape of the oroove. Mr. Clark lays
down the best form as that which has the side next the 1-:_,][130 surface vertical, and
the whole of the slope on the inner side; or 8uch a gection as the following :—

It has been found that a depth of flange of only half an inch is sufficient to
keep the wheels on the line. I saw a similar tmm\'ay to that at Wellington
in work at Dunedin.

The only part of the Indian tramway problem which yemained unsolved by what
I observed in New Zealand was how to support the pailg without the use of large
quantities of expensive timber,
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descr% IE?PPelfled to visit Manchester in April 1830, and there accidentally noticed a new
e 01; 1on of steel tramway rail being laid in one of the streets, which was just the
permanent-way wanted for India. A diagram of the section is as under :—
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Two parallel tp .
paralle! trenches were dug i, the roadway, barely a couple of inches of concrete

laid down, and u :
member formed iﬁz:smhe ges of- two (deep rolled steel joists having the top
Way raj], The joists were rolled of one piece in 30 feet

lengths, and I am i

were ﬁéhed at t];l; ljlc],fig?:g dthe,gl'OOve was subsequently planed out. When laid they
Ti Obviou.s R t"bi'wauseway was packed to restore the roadway.

metal of a road ‘and a: itafﬁl is Hker to keep a firm position im.bedded in the
requirements. Haviﬁg bec g with all timber, is exactly suited to Indian

t . : ly recently introduced in England, so much so as nob
cgnlfof‘;;?grilx;ceg 1(11’ .the latest ks ony tramways, particu%ars z;.s to its durability
QAU Th GICHTEE T s necessary under Indian conditions before its

advantages, whi
ntages, which may be safg]; predicted, can be determined.

B ?:a ltf r’;ht;she steelFraﬂs tum oyt ¢ e all they promise tramways can be opened
set of cuttin 5 antgr bor unlike Tailways, which require surveys of new routes, a fresh
e mitairoa g: em ankments and brid’ s. and supersede existing roads formed and

1ned at considerable expa 8% laid down on the roads as they

stand, almost as quickly as the po ’ tramways can be on | ;
: - € raj . i ldings are required
along the line, road and tram Tails are delivered. No statlor;l :tlgd, 1a e or?linary

traffic can still use the roads 3 Maintenance can be amalga ' :
common macadamized maﬁgs{s But it is worth mentioning that while t;wi ;ratcotlgg i)l?.

per ton on tramways. Hengg 44 to 67 1b. per ton on a level, it is onl

place cattle-drawn trucks on th;t probable that private enterprise would largely

every facility could be given }, line in addition to the public steam-trains, for which
The engines on the W, !’yfppropriate crossings.

and Sons, the makers of ste:;]imm tramway bore the name of Messrs. Merryweather
Greenwich and obtained ro five-g1, gines in London. I have called at their office in
Ugh egtimates of the plant needed to work a tramway.

Messrs. M '
s. Merryweather gy furnish a passenger tramway car, like those in photo-

hs A and ighi it
grap and B, weighing 50 ows. unloaded, and 5 tons loaded with 26 passengers

inside and 20 outside for £250
A locomotive of about 2( h‘l'ae power, weighing 7 to 8 tons, capable of a speed

of 15 miles an hour Y : i
i o £850’ t‘:;’:g“i:léofoltr_maswnal gradients of 1 in 30, draw three such cars

They can supply goods wae. L :
R?n s weighing 40 to 60 cwts. according as they are
ﬁ?vgggsor open, #h 8 ke SL tov;.',Z%O. bThe wagons will carry from 3 to 4 tons

A cheaper Kind of pased er oar seated for 20 placed back to back, as in photo-

h C b i ;
g::gh B,fc:rn £f38u££ﬁ?d for 9to £80 each, and the cross seated pattern of photo-

For India the working Darts o7 he engine would have to be lifted out of reach

:fl:;fegﬁtl;&:fgv:z; 0 Prevaleng on the roads, and the furnace would have to be

) S .
mileslg:rﬁ:: f;tvhec;l;s eel;g‘lang 18 sfateq to require 550 1b. coke per 100 miles run at 8%
of fuel for an Indiafl trfm;;;fom which basis calculations can be made of the demand
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It would not be difficult, as part of a tramway scheme, to have enough land taken
up and forest planted to yield a constant supply of firewood along each line. India
has 1o coal in the south, but can make up for this by the rapidity with which the
growth of timber proceeds. Firewood could indeed be produced in India with far
greater ease than the cattle food which would contribute an equal tractive force.

Although there are many tramways working, chiefly, however, in towns, I have
not seen a single example which combines the rough’ and ready characteristics of
the New Zealand lines with the use of the Manc.hester steel rail.

To give this system therefore a fair trial it Would be necessary to lay down a
few miles of tramway on a selected metalled road in India, There are obtainable at
once in the market, the rails, cars and locomotives suited for the experiment.

For a length of 15 miles, or one and-a-half hours run at 10 miles an hour, the

rough estimate would be as follows :—

£.
2,541 tons of steel rail (10 per cent. spare) at £11-15 | e 29,857
Freight ... wee 2 3,811
3 Looomotives at £850 o s s vee bt 015 2,550
6 Passenger cars at £250 1,500
9 Open passenger cars at £80 .. i 160
4 Goods wagons at £200 i 800
Weight ... 75
38,753
at 1/9d por Re. ..  Rs. 4,42,891
15 miles laid, &o., in India at Rs. 2,000 ... ) , 80,000
Sheds and Workshop ses » 8,000
Rs. 4,80,891

so that for Rs. 4,81,000, or at the rate of Rs. 32,000 a mile, an experimental tramway

15 miles long could be set 1n operation. :

Mcr. Clark, an_authority on ftramways, mentions that the locomotives made by
Messrs. Merryweather, from thelr moderate speed and indraught, only consume from
a third to a fourth the fuel that a railway engine does per square foot of grate.

Six trains each way on 15 miles Wpuld give a train mileage of 180 miles, and a
consumption of 990 lb. of coke, equivalent to 2970 b, or 11 tons of inferior
d fuel the working' expenses would consist of the

firewood, during a day. Beyon : .
wages of a conductor for each car, & couple of stokers for each locomotive, a clerk or

two to keep accounts, oil and petty stores, and a certain sum, yet to be ascertained,

for renewals and repairs.

A mere allusion may be made at present to the prospect opened up b_y Qolonel
Beaumont’s compressed air locomotive. 1t 18 Stated that one of these, weighing 4'%
tons, with reservoirs for air at 1,000 1b. per Square inch pressure affording 65 cubic

feet space, can run for 61 miles on 2 level Withaload of 4 to 5 tons. This type of

engine will no dounbt be further improved.

Tt would be convenient to have stationaly COmpressing engines at fixed intervals,
and that the locomotives should only carry aif+ Still more so when economical means
of transfevring power to a distance at pleasure through electro-motors has been

discovered.
n is whether rolled steel rajls can be laid profitably as

Meantime the questio ¥ o
tramways on Indian roads. For better forms o1 xolling stock can hardly be imagined

than those now procurable. . !

It may be asked why, if tramways are 80 Cheap and simple, they are not univer-
sally put on the roads. ,As a matter of fact the system meets with a 800‘,1 deal of
prejudice, and the countries which have adopted them in towns are those 1n which

for the country a higher rate of speed is demandeq than tramways can pretend to
give. But nothing seems to haye retarded their introduction more than the cumbrous

staging which has hitherto formed the permalelt-way of tramways.
) (Signed) A T. FRASER,

Loxpon,
2nd September 1880,
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Note by the Oon&ultz'ng Engineer for Railways on relative Cost of Broad
and Metre Gauge Railways.
For purposes of comparisen based on the experi btained in this Presi
! perience obtained in this Presidenc

we may take the South Indian Railway which has constructed lines on both gauge};
The cost of the 168 miles of broad gauge between Negapatam and Erode averaged,
on 30th J une 1870, £7,902 Permile, It had then been open on an average for nearly
SIX years ; and, on 30th June 1874, the cost bad risen to £8,470 per mile. Since the
latter date no separate acconnts of it have been kept. '
The cost of the 215 miles of : richi :

: metre gauge line south of Trichinopoly averaged, at
the end of 1878, when it had pegn opegn for more than three years, a little over
£5,000 per mile. The ¢ost of the Jine from Madras-to Tanjore is somewhat higher,

and wTillll probably average at the present time about £6,000 per mile.
e sections between N Trichi 1 d
Tuticorin, compare fairly ag toegapatam e ekt e e e

: . : the nature of the country traversed. Both have the

SAIRe ol gradient (1 in 100), anq the amount of waterway per mile is probably
on the other section aveare m‘)}%at hand for the old line; but the openings Iirovxdﬁd
: rage 45 J; : 1 e s s

average of other lines in t%is P linea] feet per mile, which is somewhat below the

i tesidency.
st waz p:rr_xtlanent-_way f?r the metre gauge lines was purchased when the price of
effoctad. at 1ts maximum and, g¢ present prices, a considerable saving WOI.Ild be
The Madras Railway has eqgt 1,800 per mile; but the country traversed is
more difficult than in the case of gh;e ém’lﬂl Ié)dian Railway, &
Owing to the exp

: erience gaineq i, nast years, it may be assumed that broad gauge

1&!:; could ixlmw be c:n?)tructed 3°m6Wh§t m{;re cileaply- The Nflgiri branch of the
e 1 , 3 : e

ot Iaaste dRathat Z lc)cl";n shout £8,00( per mile, exclusive of rolling stock ; and it is

t : ld,
excluding rolling stock, 0 Cochin would not cost more than £9,000 per mile; also

The figures here given provig i i

: L e for a first-class line of broad gauge railway. We

havg 10 experience of light broad gatf;e lines with rails weighing 56 or 60 [b, per

%'{arﬂ, and with engine wheel~Weights to correspond. The rails for the Madras
auway, and South Indian broad gauge, weigh 75 and 68 1b. respectively,

The accompanying Proceedings of Government contain some information respect-

2lst October 1879, No, o 006 ing the cheapest lines of railway yet

Hathras line, thepe; y . T constructed in tﬁis cguntry. The Muttra-
. Ten refer . i -

during the Tagt s years.red to, hag yielded an average dividend of 4-9 per cent,

lass of line to be selecteq must depend much on the nature of the country

The ¢
traversed, and the speed requ; ; -oonntey the. dii 0 ;
between %he broad an«f narr o i, (i 4 S L 608

1 0W gau 1d probably be much greater than shown on
the South Indian Railway %neggr: ng::ge {)ine canybe opened out at reasonable cost,
ieult country, ¢.g. the line from Karwar to Gadak is estimated at

£7,560 per mile only, includiné land, and interest during construction. In
:lélgderately Casy country g metpe auge line could probably be opened out for
45,000 to Rg, 50,000 per mile, afp,esent prices of iron, if station accommodation
Ve_ restricted to ac . Wants and the gpeed be limited to 15 miles an hour. As the
rlfﬁfﬁfat&?; hneg will Yink in wity, the metre gauge extension of the Nagpur branch
?t fioxt %y > h‘;&‘iﬁ be the best gauge to adopt ; but the country might be opened up

p 3y, if considereq ient for the traffic expected. Some useful
}nfo.rmg.tmn on this point could piuﬁ(gly be obtained from the Government of
ndia, in regard to the Darjeeling tl‘angway-

The following extract ig as

the broad and metre gauges :—

1st.—The capacity
transport.

2ud.—The carriages and Wagons on the metre gauge railway are nearly equal
10 capacify to the Ordingry stock of English railways,

Ulmgyy of Mr. Molesworth’s eonclusions respecting

of the Metre gauge is sufficient for all purposes of railway

B e s D e e
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o ives designed for low speed on the metre gauge are equal in
s Tlfcialcchgfamf)(t)zeesto thg large express engines designed for high speed on
i ilways.
4ih —Thlgnr%)llll%;-iltl;kyof the metre gauge will he perfectly safe at a speed
. twice as great as that proposed for the State Railways of Infila. 4
5(h.—The metre gauge, in my (Mr. MOI‘;ZWOI‘th’S) opinion, is sufficient for a
: ial and military purposes. _
61h —T;ﬁt:sirccl)?l a broad gzuge railway (60 1b. rails), with struetélreds
i designed for the engines and other rolling-stock of the Guara}x :ﬁe
Railways, will (excluding very large bridges) exceed the cost 0
narrow gauge by £1,650 or £2,000 per mile, : ; i
7th—The cost of a broad gauge railWay (45 Ib, 1ails), with struc i
: designed only for the carriage and wagon stock of the Guaran e
Railways, (but not for the engines,) wil] exceed the cost of a narro
gauge railway by £720 or £1,000 per n}ile. _ orid
8/h.—The cost of a broad gauge railway (40 1b, rails), with structures destg iy
54 for the same axle-loads as the Darrow gayge, will exceed the cost 0
narrow gauge railway by £3560 or £5(( per mile. il
9¢h.—The last of these three quld practically he ag great an obstacle to
: interchange of traiﬁe.as if a _break of gauge existed. . v
104h.—There will be no appreciable dlﬁereqce between the working expens
' of the broad and narrow gauge Tailwaysg, 1 s
11/h.—The break of gauge in a commercial point of view, though an eVle,
~ not one sufficient to justify the condemnation of the narrow gauge.

' R.E.
(Signed)  J. SHAW.STEWART, Col, R.E,,
6th October 1880. Consulting Engineer for Railways.

GG .VI!\'CEI:T AM.IC.E., Under Secretary i, Govyernment, Public Works
J y MU

Department, Irrigation Branch.

.
—

No. 66. Note by the Chief Engincery Public Wopks Department.

i i : he
ssti nder the consideration Of Government with reference to t
Famirgflsi E(,f})l:i?t;(;nzsxl:: ‘Zh: correspondence as yet Icomplete with the Govil.'nllln:gtt 1(1)2
India on the ,subject of ¢ Protective ” works, alppear to invite special atten 1(; Radiy
applicability of steam tramways for certain Selecteq Jines in the famine zon
Presidency.

2 ']).‘The Famine Commission (page 169 t0 171, payt 1 of their Repprt% lrl;\i;f; g;’]’lls
at length into the subject of railways as a means of. distributing foqd 1111 a e 1’-ving
they have assumed as an ideal system a series of lines, each 300 miles ong,

25 miles of country on either side.

3. This was much the same as the plan Sir Andrew Clarke had Il))re\rnvc:;(lislg1 ::1
view when, in his speech in the Viceroy’s 001(1111011 on famine works, he o Seinhabitan%
““ the railway system must continue to expan %nd will expand till every
of India is within 50 or 100 miles of a railway. : e

4. When applied, however, to the actual circumstances of the famlne Z0
this Presidency there are two very patent difficultieg ¢, be encountered :—

i i : ilt with any hope
.) Neither the Indian nor the metre 8auge y4ilways can be built with
(l ) in ordina years of yleldmg any adequates;etum 0.11 their Erlm:az(;s;;)r
(2.) Unless a sugciently close net-work of 1ijoq pe estab.lmhed, t efmextreme
distributing food grains will not meet the requu'emgntsbo ke
famine, accompanied, as was the cagg ip the last calamity, by the gr

loss of draught cattle.

in hj famine may
5. 8ir Andrew Clarke well obqerved in hig speech that, ¢ A grass may
be sa)id ton:be as bad as a grain famine,” a0d the Famine Commission remark,

e R T T N e T e e
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ti .
me of drought and famine the gybstitution of mechanical for animal power for

‘purposes of transport is an ) ) i E ‘
reckon by any mog ey stan d‘;il:ﬁ!; very important advantage which it is not possible to

block6'at ﬁﬁeanﬁ’alixéhhm late Pamphlet on steam tramways, Mr. Vincent remarks that the
measare to the th 001'8 Ra‘lwag Station during the last famine, owing in very great
believed.” usands of hyljocks that had died, “must have been seen to be

syste;' ofigﬁgt?axlxtl cannot for g ymoment be supposed that by the adoption of a cheap
the difficultios abovewa?l’s for aiding in the distribution of food-grains during famine,
B ey adverted to oapn by any means be entirely overcome, it is still

o mdsbe I great extent minimised.
S v by J&%ﬁg : St}ile question of expense, it will be seen from the annexed memo-
s abiaid stubiv aw-Stewart that,  In a moderately easy country a metre guage
p ¥ be opened oug fo, R, 45,000 to Rs. 50,000 per mile at present prices

of iron, if stati 2 pr
to 15 miles an1 (ﬁﬁf??mmﬁatwn be restricted to actual wants and the speed be limited

9. In his pamphlet My, v; : : "
t . Vingent gives, as an approximate estimate for a steam
<raflueliei gau e? 15 miles in lgngth, with Besseme,r steel rails,

351b. imi
9 1b. to the yard, £2,500 (or Rs, 30’0%0 at 1s. 8. per rupee) per mile; and for a similar

work on th :
om0 metre gauge, With stec] rails 30 Ib. to the yard, £2,200 or Rs. 26,400 to

his esltgliatgz;{)irlgrﬁgésithis Memorandum of the 2nd September 1880, gives also as
at Rs. 32,000 per mile. trammy on the Merryweather system the probable cost

11, Wt
believed, il?(?lll(l)trllgltglemczs.ts E)ef“im,s estimate for a metre gauge railway does not, 1f 1s
the above ; it may therefore aocom"ﬁ\res and rolling stock, while these are included in
on even the broad gauge cou]({) b tly be accepted primd facie that steam tramways
railways, built at two-thirds the prime cost of metre gauge

12. But as
§ha11 be reduced ihoe aI;TO:}}:;Ill t be solved requires as a sine qua non that all outlay
immediate object in view, it d: % minimum compatible with the attainment of the
could be effected even on’ the loe;m’t.appear improbable that a very sensible reduction

13. Ttis, in the first plao B > 2007
Ways was a compromise of mﬂg’iwﬁll recognised that the metre gauge for State Rail-

more nearly the width of g Cling opinions, and that 23 feet represented much
ow gauge. The Port Modoc line is only 1 foot

most economical form for the Objections to a gauge of 2 feet in reference to the
, but if these could be overcome there is no

other reason apparently against ; it
against jtg ;
15. Speeds again of 8ve'lolytlon.
demands of the Brit%:lin traveﬁfn nd 90 miles per hour are solely accepted on the
under consideration, 6 or 7 mileg Publie, but are by no means applicable to the case
would, it is thought, amply suff Gs." hour average speeds with 10 miles as a maximum
Throughout the famin. :
excepting for a very few &;:ni;th‘ beds of large streams and rivers are quite dry
causeways, thus saving the eqgst of &11 lmjjear, and they might easily be crossed by
most 25 1b. per yard migﬂt, ditaizonﬁsponding reduction in the metals to 20 Ib. or at
stations would be needed, as poin ieved, be effected. No fencing and few or no
On. the whole, therefore, 3t ;. . 'ut by Major Fraser.
ways might be gsta’blished a](;x:; Lzlnﬁt too much to assume that lines of steam tram-
per mile, or at little more thap do 8ted routes for Rs. 20,000, or at most Rs. 25,000,
It may also be assumed & the cost of a metalled and bridged cart road.
electro-motors, or other economiealt beforo very long, by employing compressed air,
may be effected in the working ex Means as noticed by Major Fraser, great reductions
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It is now sufficiently recognized that in the famine zone of this ‘Presidency
navigable canals and new irrigation works of a promising, much less of a paying
character are out of the question ; there would thus appear to be only a choice of two
alternatives if famine is to be effectually combated : (1) the people must move to the
food on the one line of railway at present existing, or (2) mechanical means of
distribution by steam tramways or road engines must be adopted.

For an agricultural population, Who requir to be sufficiently near the fields fo
take instant advantage of a favorable change in the Weather, the first plan could hardly
be adopted as a general working policy, though 1o doubt in some cases applicable.

Mechanical means for distribution seem therefore alone left for choice, and of
these the ordinary road engine, at least 1n its present form (excessively cumbrous and
expensive to work), is apparently not suitable for adoption,

If the Government are satisfied that an effort should be made in the direction

above indicated, the following points might be made subject of early inquiry among

selected Revenue and Public Works Officers, vz, :—
(1.) To what tracts tramways as protective Works would specially apply.
(2.) The lines in order of importance

~saimelh e within the famine zone (which consists of the
s i marginally noted districts) which it might bo
Nellorre’a, ' Coimbatore. de(sgrz; 'l?hfao carll)' bout. = :
' 3 : robable cost per mile, the gauge
Chimgleps e rate of BPeeI:i, &2. et , =

4) A rough estimate of the traffic returns in opdinary years.
(5.) A general idea of the advantages that might, yesult from the lines in Sanciik
years. : . : :
(6.) Whether, and if so to what extent, applicable outside the famine zone.
(Signed)  R. H, SANKEY, Colonel, R.E,

4th August 1881 Chief Engineer, P.W.D.

No. 67. Orper THEREON, 17th August 1881 N, 2,018 W.

Tue Honorable the Governor in Cout‘lc}l fully concurs in the desirability of
instituting the inquiries indicated by the Chief Engineer The questions brought
forward will therefore be considered and reported on ag follows by Public Works
Officers and such officers of the Revenue Department as may be nominated by the

Board of Revenue :—
(1.)—By Superintending Engin
(2.—B do. do. Railo'
(3.)—By the Consulting Enginecr for Railwaysg,
(4.)—By Collectors. _
(5.—By do. B wh : -
(6.)—By the Board of Revenue, through Whom the replies of Revenue officers

will be submitted. '
ers will also be forwarded to 8ehtlemen not immediately in Govern-

o may be disposed to favor the Goyernment with an expression of

eers and C&)nectors.

2. 'The pap
ment service wh Y
their views on the subject. (True E stract.)

Signed)  R. H, SANKEY, Colonel, R.E,
(‘ Secretal"y to Go‘,rt., P.W.D.

To Superintending Engineers. ;

To thc? Consultin gEngilneer for Railways.
Board of Revenue.

Revenue Department.

Financial o
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