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The chief imports are :=—cotton and woollen goods, machinery, metals,
wine, spirits and malt liquors, military and naval stores, railway materials,
ivory, spices, silk, sugar, tea, coffee, tobacco, horses, drugs and dyes,
fruits, precious stones, books and stationery, grain, seed, oil, timber, ice,
apparel and treasure. These are derived from the United Kingdom,
Africa, China, Penang, Singapore, the Straits of Malacca, the Persian Gulf,
Suez, Calcutta, Malabar, North America, the Arabian Gulf, Batavia and
Java, Ceylon, France, the Mauritius, Aden, Cutch and Guzerat.

The chief exports are :—cotton, hides and skins, oils, saltpetre, seeds,
Cashmere shawls, wool, opium, coffee, dyes, sugar, tes, grain, provisions,
precious stones, beads, metals, spices, salt and fruits; and they are gene-
rally consigned to the same places whence the imports are derived.

With this port and metropolis as a western terminus, the Great Indian
Peninsula Railway will command a portion of the great traffic of the
North-western Provinces of India; the opium fields of Malwa; the grain
and seed provinces of the valley of the Nerbudda; the vast cotton fields
of Berar, of the Nizam's dominions and of Sholapore; and the trans-
peninsulg traffic from Caloutta and Madras.

The Syhadree mountains, or as they are commonly called, the Ghauts,
intercept the channel of communication for this vast and important traffic.
They lie parallel to the coast, from which they are distant about 30 miles,
and, in a range of dbout 100 miles, there are only two main roads by which
wheeled traffic can cross them ; the Agra road up the Thul Ghaut and the
Poona and Calcutta road, up the Bhore Ghaut. The rest of the passes
are rough tracks, fit only for the use of pack-bullocks.

When regarded as & means of conveyance for a rich and extensive
tract of country, capable of sending to a central port like Bombay, a large
amount of produce, to supply the demands of distant competing markets,
the principal characteristics of the existipg roads and means of transport
in the Bombay Presidency are :—extreme slowness, only about twelve
miles per day,—~auncontrollable irregularity,—great cost of conveyance,
smounting to 3}d. to 4}d. per ton, per mile,—the short duration of the
favorable season for conveyance,—the limited extent of the present means
of carriage,—~—and the damage to goods, and losses by theft and from bad
weather, upon the journey.

The first section undertaken by the Great Indian Peninsula Railway
Company, was that from Bombay to Callian, 33 miles, with a branch to
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Mahim of 14 miles; it was called the “ Experimental Line.” It was begun
by Messrs. Faviell and Fowler in February, 1851, and was finighed by
them, in conjunction with Measrs. Wythes and Jackson, and Mr. Jamset-
jee Dorabjee, & Parsee, in April 1854. The portion from Bombay to
Tannah, a distance of 20 miles, was the first railway opened in India for
public traffic, which event took place on the 16th of April, 1858. From
Bombey to Callian, a double line of rails has been laid. Its steepest gra-
dient is 1 in 150, and the radius of the sharpest curve is 40 chains. The
Bombay terminus is at Boree Bunder, having the advantage of & quay
frontage to the harbour, and although it ocoupies an area of 19 acres, it
is already overcrowded. The site not being permanent, all the buildings
are of a temporary character. The Company's depét for working the lines
is situated at Bycullah, about 2 miles from the terminus. It covers an
area of 18§ acres, and contains steam sheds, erecting and fitting shops,
smithies, iron and brass foundries, saw mill, carriage-repairing and waggon-
building sheds, stores, warehouses, coke shed, a timber-preserving establish-
ment, offices, and workmens' and engine-drivers’ dwelling-houses.

The principal works upon the Experimental Line are the crossing of the
Sion Marsh, which is effected by an embenkment; the crossing of the arm
of the sea from the island of Salsette to the Conecan, comprising two via-
ducts, the length respectively, of 111 yards and 198 yards, in the latter of
which there is an opening for navigation, of 84 feet, spanned by wrought-iron
plate girders; beyond this, there are two tunnels of the respective lengths
of 108 yards and 115 yards. The railway is protected by post and rail
fences, and prickly-pear and cactus hedges. The station buildings are
of masonry. The permanent way is chiefly laid with transverse wooden
sleepers, and 6 miles of it with iron pot-sleepers. The rails, which are
of the double T form, weigh 84 Ibs. per lineal yard, as far as Tannah;
beyond which place, they weigh only 65 Ie. and 68 Is. per yard. The
lighter rails extend along the whole of the Company's main lines, ex-
cept the two Ghaut Inclines, on which are laid rails of 85 Ibs. per yard.
From Callian diverge,—the South-Esstern Extension to Poonsh sad
Sholapore, and ite proposed prolongation to the river Kristna and the
Madras Railway,—and the North-Eastern Extension to Nassick and
Jubbulpore, to join the East Indian Railway from Calcutta, by which a
communication will also be effected with the North-Western Provinces of
India.
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8. E. Exrension.—The first section of the South-Eastern Extension
is from Callian to Campoolee, at the foot of the Bhore Ghaut mail-road.
It is 37§ miles in length, of which 30} miles, to the foot of the railway
incline, are permanent, the remainder having been designed for temporary
use, until the Ghaut Incline was opened. This portion of the railway
was begun by Mr. Jamsetjee Dorabjee in 1854, and was finished in 1856.
It has been constructed for a double line, but only one road has been laid.
Its ruling gradient is 1 in 115 on the permanent, and 1 in 85 on the
temporary, portion. The radius of its sharpest curve is 40 chains. It
contains no work of any special character, but it is remarkable for the
extraordinary floods and rapid torrents to which it is exposed on both
sides. The bridges and culverts are built of rubble masonry, with coursed
facework ; and in one or two instances, cast-iron girders were made use
of. The average cost of this section, exclusive of rolling stock, was only
£4,500 per mile.

Bhore Ghaut Incline.*—Four years were spent in preliminary surveys
of this incline, and in laying out and preparing cross sections, to the num-
ber of about two thousand, and perhaps the most difficult that have ever
been taken. Four years more have already expired since the contractor
. commenced operations upon it. The works were begun by Mr. Faviell
in January 1856, and taken up in November 1859, by Mr. 8. Tredwell,
whose melancholy death within a month of his arrival in India, many mem-
bers of the profession must sincerely lament. It is expected to be finished
about three years hence.t It is 15 miles 68 chains in length, and the total
rise is 1,831 feet. Its average gradientis 1 in 48. The steepest gradients
are 1 in 87, extending in one length for 1 mile 10 chains, and 1 in 40
for 5 miles 6 chains. Short lengths of level gradients and of 1 in 330 are
introduced into this incline, to facilitate the ascent of the engine. The
radii of the curves upon it range from 15 chains to 80 chains, and §
miles 33 chains are straight. It comprises twenty-five tunnels, of a total
length of 3,585 yards. The longest is 437 yards; and the longest with-
out a shaft, which is carried through a mountain of basalt, is 346 yards.
There are eight viaducts of a total length of 987 yards. The two largest are
168 yards long, and respectively, 163 feet and 160 feet above the founda-
tions. The viaducts are being built, up to the surface of the ground, of solid

* Bee Vol. I, p. 48.—[ED.]
t Sinoe completed and opened for traffic ; the total cost has been £1,100,000.—[ED.]
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block-in-course masonry, and above, of block-in-course facework, strongly
tied through, by header bonds of block-in-course, to the internal work of
sound rubble, and with coursed rubble arches. The contract also comprises
a large quantity of retaining walls. The total quantity of cutting, chiefly
rock, amounts, by calculation, to 1,263,102 cubic yards. The maximum
depth of cutting is 70 feet, and the greatest contents, 75,000 cubic yards
of trap rock. The embankments amount to 1,849,984 cubic yards, the
maximum height being 74 feet; and greatest contents are 209,000 and
268,000 cubic yards. The slopes average about 1} to 1. There are twenty-
three bridges of various spans, from 7 feet to 80 feet, and sixty culverts
from 2 feet to 6 feet wide. The rails weigh 85 Ibs. per yard, and are laid
with fish joints, with small cast-iron saddles under the joints, resting upon
longitudinal planks, the ends of which bear upon, and are secured by fang
bolts, to transverse wooden sleepers. The estimated cost of this incline
is £750,000. The upper 2 miles from Khandalla to Lanowlee, with
gradients of 1 in 40 and 1 in 50, were opened on the 14th of June, 1858,
and have since been worked with safety and regularity.

At the eleventh mile, the incline is divided into two banks, by what
i8 called a reversing station. This sub-division, however, was not adopted
for the purpose of making two banks of the incline, but of increasing the
length of the base, in order to flatten the gradient and to reach a higher
level, where it encountered the great features of the Ghaut margin, near
Khandalla. Without the necessary expedient of the reversing station,
the practicability of changing the direction of the line would have been
confined to making curves of small radius; but with the device of the
reversing station, the direction was altered at a very acute angle, by means
of points and crossings. In consequence of its adoption, the incline is
prolonged by nearly the difference between the length of the two sides of
an acute-angled triangle, and that of its base.

The peculiar difficulties upon this incline are the unfavorable nature
of the hot and rainy seasons; the fatal epidemics which dismay and dis-
perse the people employed upon it ; the lofty and precipitous character
of the ground, which impedes the haulage of materials and harasses all
who are engaged in the operations ; the extensive and sudden slips upon
the mountain sides; the extreme hardness and solidity of the rocks;

the scarcity of water; and the want of necessaries and comforts for the

men.
'
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The next section of the South-Eastern Extension is from Lanowlee,
the summit of the Bhore Ghaut Incline, to Poonah and Sholapore, and
is 2054 miles in length. The first 42 miles were begun by Mr. Faviell
in January 1856, and were finished in June 1858. The remaining
1684 miles were commenced by Mr. J. Bray, in March 1856, and 143
miles completed on the 27th of December, 1859. Its engineering charac-
ter is very similar to that of the Concan section. Its ruling gradient is
1 in 182, and the radius of its sharpest curve is 40 chains. The cuttings
are in trap rock, moorum, and soil ; and the embankments are chiefly com-
posed of soil and moorum. There are twenty-two viaducts, three hundred
and fifty-nine bridges, and four hundred and fifty-four culverts, all built of
substantial masonry. The largest works are the viaducts over the Beems,
441 yards long and 60 feet high, consisting of twenty-eight segmental
arches 40 feet in span, with a flood stream 46 feot deep, and rock founda-
tions, the cost of which was £24,246; and that over the river Seens, 190
yards long, 54 feet high, consisting of twelve segmental arches 40 feet in
span, with a flood stream 41 feet deep, and foundations partly in rock and
partly on hard clay. The fences are dry rubble walls, and cast-iron posts and
iron-wite rails. One peculiarity of this district is the violence and sudden-
ness of the floods, which descend with scarcely an hour's notice, and gather
ipto torrents on spots upon which there is no trace or waming of any
stream. In the uncommenced portion of the 8Bouth-Eastern Extension,
from Sholapore to the junction with the Madras Line, in the Raichore dis-
trict, there will be two very large viaducts over the rivers Beema and
Kristna, Upon the South-Eastern Extension large quantities of cotion
and oountry produce are now carried, and it is evident that an immense
traffic must soon be accommodated. The earthwork has been executed for
a single line, and the viaducts and bridges for a double line.

N. E. ExtexsioN.—Returning to Callian, the first section of the North-
Eastern Extension, which there diverges towards Jubbulpore and Calcutta,
is from Callian to Kussarah, 26 miles, gradually climbing, by steep gradi-
ents, of which a great portion are 1 in 100, the flank of a long mountain
spur, which projects from the Ghaut range, and divides the valley of the
Basta on the south, from the Wyturnee on the north. This section is full
of heavy work ; but to obtain even such a line, demanded a long and minute
study of the rugged and jungle-covered district. The works have been
executed by Mr. Jamsetjee Dorabjee. The radius of the sharpest curve is



ON INDIAN ENGINEERING. 139

80 chains. It contains 520,493 yards of cutting, chiefly trap aud basaltic
rock, and 1,853,317 cubic yards of embankment. It comprises four via-
ducts, of which the two largest are respectively, 124 yards and 143 yards
long, snd 127 feet and 122 feet high ; forty-four bridges from 7 feet to 30
feet in span, and one hundred and seventeen culverts. By means of this
section, 849 feet of the ascent have been surmounted to the summit of the
Ghaut, and thus the altitude to be overcome by the Thul Ghaut Incline is
reduced to only 972 feet. °

Thul Ghaut Incline.—The Thul Ghaut Incline extends from the village
of Kussarah to Egutpoors, and is in course of construction by Messrs.
Wiythes and Jackson. It is 94 miles in length, and has a total ascent
of 972 feet. At the end of 83 miles there is a reversing station, similar
to that upon the Bhore Ghaut Incline, by which the base was lengthened,
the gradient flattened, and the incline divided into two banks. The
steepest gradient is 1 in 87, for a length of 4 miles 80 chains; and the
same introduction of a level portion is adopted here as on the Bhore
Ghaut. The radius of the curves ranges from 17 chains to 100 chains,
snd 3 miles 28 chains are straight. There are 13 tunnels, of a total length
of 2,652 yards. The longest are, one of 474 yards, in black basalt, with
two shafts, and another of 483 yards, without a shaft, in greenstone.
There are six viaducts, of a total length of 741 yards, the largest of which
are respectively, 144 and 250 yards long, and 83 feet and 182 feet high.
The latter is designed for three spans of triangular iron girders measuring
150 feet, with & pair of semi-circular abutment arches, measuring 40 feet
at each end. There are fifteen bridges, of which the span varies from 7
feet to 80 feet, and sixty-two culverts. The cost of the incline will be
about £450,000. The preliminary surveys and studies occupied four years,
and the works were commenced in October, 1857.

The next section of the North-Eastern Extension runs from the summit
of the Thul Ghaut Incling, at Egutpoors, by Nassick, across the fertile valley
of the Godavery, and the Indhadree range of mountains, along Khan-
deish to Bhosawul, the point of junction with the Oomrawuttee and Nag-
pore Branch. The character of this line is very eimilar to the corresponding
section of the South-Eastern Extension, from the Bhore Ghaut to Shola-
pore, and the nature of the earthwork is mueh the same. The principal
works upon it are :—a viaduct over the Godavery, 145 yards in length,
consisting of nine arches 40 feet in span, with a flood stream 36 feet deep,
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and foundations upon rock, excavated through sand ; the Kadoo Viaduct,
242 yards in length, with fifteen arches 40 feet in span; the Munnair
Viaduct, with five openings spanned by triangular iron girders, and two
pairs of abutment arches; and the Waugoor Viaduct, with ten openings,
also spanned by triangular iron girders. This section contains twenty
viaducts, two hundred and seventy-nine bridges, and four hundred and
thirty-five culverts. It was commenced by Messrs. Wythes and Jackson,
in October, 1857. *

The last section of the North-Eastern Extension runs from Bhosawul
to Jubbulpore. It is 328 miles in length, and was contracted for by
Messrs. Duckett and Stead, in January, 1859. As the operations are in
s preliminary state, it is only necessary to notice the two very large via-
ducts over the rivers Taptee and Nerbudda. The Taptee Viaduct is 875
yards long, consisting of five openings of 138 feet and fourteen openings
of 60 feet, and twenty arches 40 feet in span, with a flood stream 70 feet
in depth, and foundations upon rocks. The Nerbudda Viaduct will be about
387 yards long, 100 feet high, with a flood stream 90 feet deep.

The Qomrawuttee and Nagpore Branch is about 263 miles in length. It
was let to Messrs. Lee, Watson, and Aiton, who are now just commencing
operations. As the line has not yet been entirely staked out, no details
can, at present, be given; but its general character is known to be favor-
able, and the works are light. The largest works will be the viaducts
over the rivers Nalgunge and Wurdah.

There is no tunnel beyond the Ghauts, upon any of the lines now under
construction, comprising a length of 782 miles.

The following fundamental points are observed and carried out with
the greatest practicable economy and despatch, in the completion of this
system of railways. The character of the main lines is plain, substantial,
and durable, and such as will provide for the regular and expeditious con-
veyance of & heavy and increasing traffic in goods, and the accommodation
of a great number of passengers, at a moderate working cost, and at s
reasonable expenditure in maintenance.

The geological nature of the country ie volcanic ; the hills and moun~
tains consist of trap rock and laterite, a kind of ferruginous clay, so called
from its frequent resemblance to brick. Granite hills protrude in the
southern Mahratta country below Sholapore. The trap is of various sorts,
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more or less earthy, or crystalline, and the hills have almost invariably,
either a crest or axis of basalt; their surface is bare, or covered with what
is called in India, moorum. The basalt, sometimes highly porphyritic, is
nodular, reciangular, tabular, and columnar. Moorum is of a reddish, or
gray color, and is, no doubt decomposed rock of a very earthy nature ;
in the cuttings, it is found both hard and soft. In the valleys, there is
s great depth of vegetable soil.

As favouring engineering operations, the indestructible nature of the
slopes of cuttings and embankments made of the black soil ; the facility of
excavating moorum, its firmness for slopes and embankments, and frequent
suitability for ballast; the advantage of having rock foundations for the
crossing of rivers and streams, and also that of making tunnels without
either lining or faces; and the fine quality of the.stone for building pur-
poses and the facilities of quarrying it, are worthy of special notice. Asa
set-off to these advantages, there are the extreme hardness of the black
basalt, which renders progress both tardy and expensive, and the pre-
cipitous altitude of the mountains, which in many cases, prevents the

sinking of shafts, and thus limits the mining of tunnels to the two faces -

only.

" Amdng the geological features, the existence of large quantities of
kunkur, a variety of fresh water limestone, and the want of good brick
earth, must be mentioned.

The physical geography of the districts of Western India traversed by
the Gireat Indian Peninsula lines, may be thus briefly described. First,
the plain of the Concan, elevated very little above the level of the sea;
then the abrupt scarp of the Syhadree mountains, the least altitude of
which above the ses, is about 2,200 feet; and beyond that, the plain of
the Deccan on the South-Eastern Extension, gradually sloping down to-
wards the eastern coast of India: whilst upon the North-Eastern Exten-
sion, the éountry presents the bold features of the rivers Taptee and
Nerbudda, with three paralled chains of mountains called the Indyhadree,
the Santpoora, and the Vyndhya ranges.

The physical character of the country is less favorable to the Railway
Engineer than it might appear, in consequence of the extraordinary
quantity of rain which falls upon the western coast during the monsoon,
& period of four months from June to September. The line of the Ghauts
is the axis of these rains, and the rivers and streams which rise in it

voL. 1. v
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are either dry or stagnant, during the fine weather,.and become deep
and violent torrents during the monsoon. The height of known floods,
where the railway crosses some of the principal rivers varies from 25 feet
at the Waldhur, to about 70 feet at the Taptee, and about 90 feet at the
Nerbudda. Extreme difficulty has been experienced in ascertaining the
maximum heights of floods, not merely in the rivers, but in most of the
numerous streams which it was necessary to cross. There is nothing
upon the ground to indicate them, and the information obtained by care-
ful and extensive inquiry has, generally, been of the most inconsis-
tent nature. Some idea of this difficulty may be conveyed by the fact,
that in the year 1837, the river Taptee, where the railway crosses it, rose
80 feet above the highest level it has since attained.

Railway Materials.—The railway materials procurable in India are—
iron, coal, timber, stone, bricks, lime, gunpowder, and ballast. Indian coal
and iron are very seldom seen in the Bombay market. In many parts of
the Nerbudda valley, coal exists of excellent quality and in great abund-
ance, and it lies in a favorable position for being worked. Iron ore, too,
abounds, especially on the right bank of the Nerbudda. The principal
mines of the district are those at Tenderkaira, near Nursingpoor, about ten
miles from the Great Indian Peninsula Line. They are now worked in the
rudest fashion, but the iron produced is of excellent quality. There are
furnaces also at Paneghur and Gosulpoor, close to which the railway passes,
and although the iron is deemed inferior to that of Tenderkaira, it is good,
and forms an article of export from those towns. Valuable iron mines also
exist at Poonassa and Chandghur, and there are five mines within twenty
miles of Jubbulpore. Productive, however, as these may hereafter prove,
it is evident that active and successful operations in the manufacture of
Indian iron, or the supply of coal, depend more upon the completion of
railway communications, than the railway depends upon a local supply of
these materials.

The various kinds of wood procurable for railway purposes are of un-
usnally good qualilty. The properties of some which have already been
extensively used, are represented in the following statement, the specimens
experimented upon being 7 feet in length by 2 inches square in section, a
size adopted in previous experiments.

It has not been found necessary to make use of timber in the penm-‘-
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nent bridges. The following woods have been successfully converted into
sleepers :—teak, blackwood, khair, errool, and red eyne.

No, of Specific | Breaking | Ultimate | Cost
;xxpm- Names of the Woods, gravity in | weight in | deflexion | cubic
ments. Ounces. | Pounds. (in Inches.| Foot,
. s d.
5 | Northern Teak, . . . . . . 880 672 575 5 0
8 | Southern Teak, . . . . . . 768 1,012 687 6 0
2 | Blackwood, . . . . . . . 896 924 675 8 0
4 | Khair, e+ e s « « . <1168 966 4:00 2 6
8 |EBrrool,. . . . .. . . .|1008 718 450 2 6
8 |RedEyne, . . . . . . .|1088 559 250 2 6
2 |Bibla,. . . . . . . . . 896 560 562 2 6
8 |Poon,. . . . . . . . . 624 426 862 .
8 |Kalum, . . . . . . . . 656 569 612 2 0
8 |Hedoo, . . . . . . . .| 62¢ 630 425 2 0
2 |Jungle Teak,. . . . . . . 656 537 300 2 0

The cost of a sleeper 9 feet 9 inches long, 10 inches wide, and 4} inches
thick, has varied from 4s. to 7s. 7}d., and the average price has been
~ about 6s. It was, at first, feared, that wooden sleepers could not be used
in India, on account of the ravages of the white ants, but it is a curious
and important fact, that although they have been very often seen, eating
the sapwood of sleepers lying on the surface of the ground by the side of
the railway, those laid in the ballast of the permanent road have not been
injured by them.

The whole of the rolling stock, except the engines and tenders, and the
first and second-class and composite carriages, is chiefly built of teak in
the Company's workshops, and is strong and durable.

Excellent building stone is generally procurable, and is easily quarried.
Various qualities are met with suitable either for hammer or chisel dress-
ing, whilst the sharpness of the rough blocks and stones adapt them for
strong rubble masonry. It is of the usual hard and compact nature of the
trappite, or green-stone class, and when properly selected in the quarries,
it is never found to be injured by exposure to the weather. The large size
of the blocks has been found most useful for the foundations of machinery
in the Company’s shops, where sound stones, containing 44 cubic feet,
have been laid. Good brick earth is rarely to be met with, and the fuel
for making the bricks, which commonly consists of grain husks, is very
sparingly used. Consequently, although bricks are cheap and abundant,



144 PROFESSIONAL PAPERS

they are seldom of suitable quality for railway works. Moderately good
bricks have been, occasionally, procured and used in arches, but to obtain
them, a proportion of only 23 per cent. has been selected from the best
native kilns. The price ranges from 10s. to 24s. per thousand. The
former rate is for small-sized bricks of inferior quality; the latter are good
bricks made of the English size. The lime is of a remarkably fine quality,
and is hydraulic. In making chunam, or mortar, one part of lime is
mixed with two parts of sand. It sets rapidly, so as to give immediate
stability to the work, and continues to do so for twelve or fifteen months,
until it becomes as hard as the rock itself. S;tltpetre and charcoal being
easily procurable in the country, gunpowder is largely manufactured. It
is very strong and suitable for blasting, and costs, when made upon the
spot, about £34 per ton. The ballast consists of sand, broken stones, gray
moorum, and nodular basalt.

The Bombay and district markets have greatly varied, and have been
sometimes found unfavourable for extengive dealings. The railway de-
mands being unusually large, have occasionally been met by a combina-
tion of native merchants, who find it easy to establish a monopoly amongst
themselves, and to work it to their profit. This movement has been defeated
by a variety of expedients, such as obtaining supplies from the Government
stores, procuring the articles direct from the depdt, making them by the
Company’s own agency, or importing them from England. The result,
however, has been a great augmentation of prices and considerable irregu-
larity in obtaining supplies. It is one remarkable feature in Indian railway
practice, that a very large, and certainly the most expensive, portion of
the materials, has to be supplied from England; a circumstance which not
only affects the cost, but also the progress of the works. Experience has
already established the fact, that the period requisite for finishing a line
for the use of public traffic in the interior of India, is not determined by
the local execution of the works, but is dependent upon the delivery along
the line of the permanent-way materials, station machinery, and rolling
stock, which have to be procured in England, shipped to Bombay, and
thence transported to the various districts of the railway.

During the year 1858-59, the shipments to Bombay of permanent-way
materials, rolling stock, machinery, and miscellaneous stores, amoanted to
to 66,937 tons, against 51,386 tons shipped in the previous year. The
average sum paid in the year, for freight, was £2 0s. 9d. per ton of dead
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weight, the lowest rate, 20s. per ton, having been paid in July, 1858, and
the highest rate, 60s. per ton, in June, 1859 ; an increase of 29 per cent.
upon the average rate of the previous year.

Many of the articles sent from England have been specially designed for
Indian use, their main principles being strength, simplicity, and durability,
with as much regard to facility of transport as those essential properties
would admit.

Greaves' iron sleepers, as used by Mr. Robert Stephenson in Egypt,
have been laid on portions of the Great Indian Peninsula Railway, not
however, on account of any objections to the wooden sleepers procured in
the country, but becaase of the difficulty of obtaining a sufficient and time-
ly supply of them. A store of English iron sleepers has, therefore, been
found convenient for meeting emergencies, and experience has shown that
they are handy for transport, quickly and well laid by native laborers,
snd that they make a good and durable permanent way. A few con-
sigifinents of creosoted sleepers have also been despatched to Bombay.
They proved to be more expensive than Indian wooden sleepers, and
were also very liable to split during exposure, between the time of land-
ing and their being laid down. A complete apparatus has been sent
out and fitted in Bombay, for dressing timber with corrosivd sublimate;
as the . climate has proved favourable for kyanising. The Indian
sleepers which have been dressed, have absorbed about 8} gallons of
corrosive sublimate; and the cost, including haulage, has been 1s. 64.
per sleeper.

An iron goods-shed and an iron booking-office were supplied from
England, in 1858. Their comparative dearness may, perhaps, be com-
pensated for by their durability and cheapness in repairing, and they are
convenient for removal; but on account of their great heat, they have
been unsuccessful, notwithstanding well-devised means of ventilation. In -
future, any iron buildings imported from England, should consist merely
of framework, the large surfaces in the sides and upon the roof being
afterwards filled in with non-condacting Indian materials.

Native Labor.—Native labor, by which these works have been executed,
is cheap, but very inferior to that of England. Nearly one hundred thou-
sand men have been employed upon the Great Indian Peninsula Railway
‘Ijnes at the same time, and as many as forty-two thousand upon the Bhore
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Ghaut Incline, which is 153 miles in length. This great force has not been
ocollected without considerable trouble; it is not entirely supplied by the
local districts, but is gathered from distant sources. Laborers sometimes
tramp for work as in England, and on the same work may be seen men
from Lncknow, Guzerat, and Sattara. The wants of the works have, how-
ever, been supplied by unusual exertions in sending messengers in all direc-
tions, and by making advances to muccadums, or gangers, upon a promise
to join the work with bodies of men at the proper season. Country arti-
sans and skilled laborers have their own methods of doing work, but are
capable of improvement and are not averse to change their practice. For
operations requiring physical strength the low-caste natives, who eat flesh
and drink spirits, are the best ; but for all the better kinds of workmanship,
masonry, bricklaying, carpentry, for instance, the higher castes surpass
them. Miners are, on the whole, the best class in the country. The
natives strictly observe their caste regulations, yet will readily fall into an
organisation upon particular works, to which they will faithfully adhere,
and in which they are by no means devoid of interest. Although they
cling closely to their gangers, they will attach themselves to those Euro-
pean inspectors who treat them kindly. The effective work of almost
every individual laborer in India, falls far short of the result obtained in
England. This is a disadvantage upon works, the dimensions, and proper
mode of execution of which, limit the number of men that can be employed
at one time, because the rate of progress is proportionally diminished.
The fine season of eight months is favorable for Indian railway operations,
but on the other hand, fatal epidemics, such as cholera and fever, often
break out, and the laborers are generally of such a feeble constitution, and
so badly provided with shelter and clothing, that they speedily succumb to
those diseases, and the benefits of the fine weather are thereby temporarily
lost. They work under the immediate control of a ganger, or muccadum,
and the various gangs under a mistry or native foreman; and the whole
under the inspection of a European overseer of works, by whom interpreters
are also usually required. Not only men, but women and children, aze
employed upon Indian works; and thus, although the wages of the in-
dividual are small, the earnings of his family are by no means inconsider-
sble. The present rates of wages, per day, of the several classes of native
laborers are :—
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. s d.
Native Mistries, or Foremen of Masonry,
Brickwork, or Carpentry, . . . 2 6
Masons, . . . . 19
Bricklayers, . . . . . . 13
Carpenters, . . . . . . 186
Smiths, . . . . 20
Miners (a very largo clm), . . 09
Excavators, . . . 0 7%
Laborers, . . . 06

These rates are very low as compared with English wages, but allow-
ing for the comparatively small effectiveness of Indian Jabor, the follow-
ing may be safely tsken as the relative cost of each kind of labor, in
England and the Bombay Presidency :—

Proportion of Work done| Relative cost of Lebor in
by each. in
Classes of Labor.

England. Bombay. England. Bombay.

Masons, . . . . 2% 1 14 1
Bricklayers, . . . . 4 1 1 1
R I R I I B
Excavators, . . . .| 4 1 14 1
Laborers, . . . . 3} 1 1§ 1

In examining this Table, it should be borme in mind, that the com-
parison is between simple labor only, and that it does not represent the
cost of finished work ; for the economy in favor of India suffers, from the
expense of obtaining the powerful aid of English appliances, from defective
and clamsy methods, and from a variety of drawbacks and disadvantages
peculiar to native customs. Strikes, although of rare occurrence, have
occasionally taken place, and the track system, commonly discountenanced
at home, is beneficial in India.

The whole of the Great Indian Peninsula Railway has been successfully
executed by contract. Speaking generally, the European contractors have
a8 a rule, been more successful than natives, because the native tenders for
the principal contracts have, usually, been either too high, or unreasonably
low, go that, looking to their inexperience of such works, it has not
often been thought desirable to take advantage of their agency, in the
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construction of the main lines. There has, however, been one remarkable
instance of the employment of native enterprise; a Parsee contractor, Mr. '
Jamsetjee Dorabjee, has executed four main-line contracts as satisfactorily,
as expeditiously, and as cheaply, as any of the European firms, and is now
about completing his fifth, which comprises some of the heaviest works on
the lines.

In the other respects, native agency has been employed and encouraged,
as much as possible. The Company’s Engineers, Assistant Engineers, and
Surveyors are generally Europeans, but one native Engineer has won his
way to the office of Assistant Engineer, and has skilfully discharged its
duties for three yeéars. In the office establishment of draftsmen, account-
ants, and clerks, all the situations have been held by natives. As inspeo-
tors of work, natives have been chiefly employed. As district inspectors
of the line, when opened, native agency is already partially adopted and is,
by encouragement, gradually becoming more usefal. '

In the methods of executing the works two objects have to be kept in
view; first, to tuin those of the natives to the best account ; and secondly,
to introduce English appliances where it can be done with advantage. It
has not always been obvious which of these measures would, under the
circumstances, be the more effectual, and experience has taught that some
Indian modes of doing work, which seemed barbarous and clumsy, were
the cheapest and quickest means which could be employed.

Tunnels may be said to be an entirely new description of work in Wes-
tern India, and the whole process, except blasting and excavation, was un-
known to native workmen. In the earliest tunnels, where the top wes
heavy, it was found, at first, impossible to keep native miners in the head-
ing, and the timbering was done chiefly by Europeans and one or two
Parsee carpenters, and the arch was keyed in by the former alone. Native
miners use the churn drill, with which they are very handy, and they
have sometimes been brought to work in pairs with the hammer, and strike
with dexterity. They will work hard in close contact and in the foulest
atmosphere. They are careless in blasting operations, and consequently,
the loss of life has been considerable; miners have been seen to fire a shot
with a bamboo, and lie upon the ground while it exploded.

In building viaducts and bridges, there is a mixture of appliances and
operations. In pumping foundations, English pumps only are sometimes
used, but they are often aided by the native methods of the Persian wheel
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and by the Mahratta méth, a leather bag containing about 35 gallons of
water, which is lowered and lifted over a pulley by bullock power. The
natives also have various hand devices for scooping or baling water from
the bridge pits, all of which are occasionally resorted to. Where water has
to be brought, it is carried in leather bags called puckals, laden in pairs on
bullocks’ backs. In some districts, it is thus conveyed more than twe
miles to the masonry.

In staging and scaffolding, it is only rarely and in very large works,
that the English example has been followed, nor are crabs and derricks so
often met with as might be expected. The reason for this is afforded by
experience, which has tanght how cheap and expeditious it sometimes
is, to use the native process. The bamboo coolies, or carriers of heavy
weights, will lift their loads up the roughest staging, and the masons and
laborers require but little help, to find their way to the work at the top
of the highest piers. The centering commonly adopted in the country,
was to fill up the arch with stone and earth, and to shape the top to
the form of the soffit, or at other times, to use almost a forest of jungle
wood in scaffolding a rough centre. For these, centres of English con~
struction have invariably been substituted, with, as may be conceived,
immense advantage to the work.

The native sawyers always work in pairs, even in the smallest jobs. The
sawing is so inferior that a great deal of adzing is requisite, and much of
the work that would be planed in England, is turned out roughly with the
adze in Bombay. In planing there is the same peculiarity of working in
pairs; carpenters squat to their work, and it is with extreme difficulty
that a fow of them have been brought to stand to a bench. It is remark-

,able to obeerve how freely they call in the aid of their feet ; a carpenter may
be seen resting his weight upon one foot, and cleaning his axe with the
sole of the other.

In making embankments, the Hindoo custom of carrying the earth in
baskets upon the head, is, owing to the cheapness of land for side cuttings,
found more economical than wagon roads with long ¢ leads,” and, judging
by the result, it is attended with very little sacrifice of despatch. Within
one month, 80,000 cubic yards have Been put, by this means, into an em-
bankment only 24 chains in length.

- Bmithe’ and foundry work is moderately good, but the class being so
small and the material being English, almost all supplies of manufactured
VOL. III x
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iron have had to be procured from England. Plate-laying was of course
entirely a new operation, yet a large quantity of excellent work has been
turned out by native labor under close inspection.

Among the mechanical improvements and innovations made by railway
eonstruction, may be enumerated, the use of barrows, dobbin carts, wagons
and wagon roads, lorries, both wooden and iron, water pumps, crabs, mounld-
ing tables for brickmaking, stationary-engine power for sawing, pumping,
and working tunnel shafts, hammer drilling, bridge centering, pile driving,
timber pickling, and various kinds of iron superstructure for bridges.

The average cost of the opened portions of the line has been from about
£8,000 to £3,000 per mile.

The prices of the principal kinds of work, including all the usual contract
stipulations, have ranged as follows :—

Earthwork bankment under 8 ad & od
in eml ent un .

a quarter of a mile lead, . }percnblcpxd,ﬁ:om 006 007
Cutting in earth, or moorum, ditto, » 007,009
Ditto inrock, ditto, » 011,02¢6
Tunnel, » 2110 0 ,38 0 ©
Brickwork in arches, . . . » 015 0 ,, 110 O
Coursed rubble masonry in ditto, . » 170,116 0
Ashlar, . . . ., . ., . . cabic foot 01 7%,0380
Block incourse, . . . . . . cubic yard 016 0 , 115 O
Coursed rubble, . . . . . ”» 014 0 , 1 4 0
Rabble, . . e e e . . " 6 90 ,014 0
Woodwork (teak), . . .o eubic foot 040,060
Ballest, . . . .o eubic yard 011,01 4
IAymgpermmentroad . e . lineal yard: 0 2 0 , 0 210§
Post and rail fence, . e e e » 016 ,020
Dry rubble wall, e e e ,, 26 ,040

This does not include the Ghaut Inclines, which are exceptional.

The total length of the @. L. P. Railway will be 1,114 miles, of which
508 were opened up to 1863. The estimated cost was about £10,000 per
mile; and the total expenditure up to 1st May 1863, was £9,877,615.

The loeometives employed on the line have cylinders 15 inches in dia-
meter, with a stroke of 22 inches; and four coupled wheels, each 5 feet 6
inches in diameter. Those in use upon the inclines are tank engings, having
eylinders 15 inches in diameter, with stroke of 2 feet; and four wheels,
each 4 feet in diameter, with skid breaks which do not pass under the
wheels but are pressed upon the rails between the wheels, on each side
of the engine.
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No. CVL

MASONRY GIRDER BRIDGES.

Design for a Masonry Vaulted Girder Bridge.

To the Editor.

‘Deax Bir,—Since wrifing this paper, I have been informed that a similar construc-
tion has been suggested in « Ware on Vaulted: Constructions,” and that a few bridges
‘have already been built in ribs, and the intervening space bridged over with slabs of
stone. I do not think though that they are generally known, or that a comparison
bas ever been drawn between them and ordimary built bridges.

Your’s truly,
F. D. M. B.

Tax price of constructing vaults is mnch reduced by building them
with solid ribs and filling in the intermediate space in a less substantial
manner. Arched roofing, too, connected by tie-rods is mow a common
practice, making a strong and permanent flooring for factories, mills, and
other large buildings. I propose to apply these two principles to masonry
bridges, in the following way, which, as will be seen by the Table at the
end, causes the saving of a large percentage of the cost.

The method is to build a masonry bridge as at present, but leaving out so
many feet on each side of its axis (or in other words, building two arched
masonry girders) and vaulting in the intervening space with a thinner
arch. The springing of this cross arch will be kept in a horizontal line
by building an abutment for it on the inner sides of the spandrils of the
main arches, or girders.

Four designs have been worked out.

No. I. Is with the cross arch 18 inches thick at crown, and 27 inches
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at the baunches; all the dimensions being calculated to stand the thrust of
the cross arch. Tie-rods are added besides to stand half this horizontal
thrust (Plate XXII).

No. 2. Is the same a8 No. 1, except that the cross arch is made 12
inches thick at crown and 18 inches at the haunches; and the other
parts calculated in proportion.

No. 3. Has thred main arches, with two small cross arches (12 inches
thick at crown and 18 inches at haunches) connecting them. The parts
being calculated sufficiently strong (as in No. 1), and tie-rods added to
stand half the horizontal thrust (Plate XXTIII).

No. 4. Has the space of the cross arch carried to its utmost limit,
and the whole thrust borne by the tie-rods (Plate XXIV).

These four designs are compared with an ordinary bridge of like dimen-
sions (Plate XXV).

DesioN, No. 1.—8pan, 55 feet,; height of springing above ground
level, 13:14 feet; width of arch, 32} feet; width of roadwsy, 29} feet,
arch, a segment of 60°; thickness at crown = 84 bricks = 81} inches;
thickness at haunches = 5% bricks = 49} inches; thickness of piers,
7 feet.

CarLcuLATIONS.

Fig. 1. Suppose ABCD to be a
plan of one of the main

e & & & g & €& & & & . .
JITTTTT T Gl v e oo

,‘1'— \\\\\\\\\\\\\\\ \ arch e, ¢, &c. (as shown by

L } £ . /\ the arrows pressing against

N A © it). The main arch ocould
only give way

1. By breaking in the centre, like a beam.

2. By the backing being pushed off the extrados of the main arch.

8. By the backing, main arches, and piers, being forced outwards and
revolving about the outside edge of the bottom of the piers.

Investigation of No. 1 (a).—ABCD (Fig. 1.) may be supposed to be a

beam uniformly loaded and applicable to the formule T = W-x

8D
where T = the thrust of compression or tension,
W = whole horizontal thrust of cross arch pressing against it.
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L = length W acts upon,
D = width of each main arch.

Then, if the inner half area of the key-stone of the main arch can stand
half the horizontal thrust 4 T without crushing, and the outer half can
stand half horizontal thrust — T without being torn asunder, the arch will
not break.

Supposing the main arches to be 11 feet wide each, the cross arch will
be 10} feet span. Applying the figures for such an arch to the above
formula—

T= ("2“_;&;:2_1)1&2 = 148,299 The,

Hence the compression on the inner half of the main arch will be

148299 4 § (horisontal thrust of main arch) __ .
§ (sectional area of key-stone in square inch) 182 The. per square inch.

On the outer side, T being tension, the strain of compression will be
285352 — 143299
66 x 316
o 11 feet width of main arch will be amply strong.
Investigation No. 1 (b).—If the arch should give way by breaking in the
centre, it will revolve about the outer edge of its abutments CD (Fig 1.)
Let H = the horizontal thrust of main arch. .
h = sum of horizontal thrust of cross arch acting on the

mainnch,tbeng = this thrust applied at the centre,

= 44 De. per square inch.

of which § is supported by each abutment.

L = span of main arch in feet.
W = width of main arch in feet.
1000 W = cohesion of mortar joints (in Ibs.) to resist tearing
asunder. This acts with ulevenge%— at the abutments,
md!—:-atthecrown (a8 half of this force at the crown
acts on both sides).
Then taking moments about C or D,

1000 = 4 1000 4+ EX
_ W = 99 feet.
But the width of main arch is 11 feet.
Investigation of No. 2.—Taking 4000 Ibs. per square foot as the

NES
o
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strength of good mortar to resist detrusion, and the horizontal thrust of
cross arch = 3280 Be. per foot run ;—

Then % = 0-8 feet, so that the backing will not be forced off the
sxtrados. .
Fig. 2. Investigation of No. 8.—
The weight of the ares en-
0 closed within the rectangle
ABCD (Fig. 2) may be taken
>|s as the abutments to the cross
K

arch, when AE, FB = half

12.36

—— =]

width of each pier = 8}

[
! 1
' 3 :’5 , feet.
AN ** ], Then the weight of this
O - area (taking a cubic foot of

masonry to weigh 100 Ms.) will be (ABCD — EHMKF) x W X
100 4 (moving load and parapet)* + (the roadway) = 57962 x W.

The horizontal thrust of the cross arches acting with a leverage of 21-19
feet = 8280} X 62 X 21°19; and half the weight of the croes arches
{with 100 Ibs. per superficial foot of moving load) resting on the main
srches — 1894 x 62 = 117,428 bs.

Then taking moments about the outer edge of the bottom of piers, and
letting W stand for the required width of main arches, and 1000 W for
the cohesion of the mortar joints (as before)

57962x1;+5oow"x-67-§+11msxw

= 4809869
W = 1033 feet = requisite width of main arches.
Hence 11 feet will be amply wide.
This width of main arches does not increase proportionally with the
‘span of the cross arch. Thus with a cress sech 12} feet span, W equals
11-05 feet, and with the cross arch 14} feet spam, W equale ¥1-63 feet,. so
that the saving of masonry would bs much grester as the width of the
‘roadway increased.
The above dimensions having been proved sufficiently strong (viz., 11

8 The moving load has been taken everywhere.at 100 Be. pen superficiad. foos.
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feet width of main arches, and 10} feet span of cross arch) the remaining
. parts of the construction are as follows :—

Construction of Spandrils.—The backing of the main arch will consist
of two walls built flush with its faces : the outer (or real face wall to bridge)
will be 1} feet thick, and the thickness of the inner (or abutment wall
to oross arch) will be regulated by the height between the extrados of
main arch and springing of cross arch. The space between to be filled
with well rammed earth, gravel, or other heavy material, The thrust of
the cross arches is also lessened by tie-rods, which are calculated to sustain
half the horizontal thrust. ‘

= 857 feet
HE = 448 ,,
CE= 19 ,
CF = { CP = 063 } = height of abutment wall to cross archea above

PF = 088 the crown of main arch,
KM= 2:06
MG = 275
‘ AB = 294
' BH = 144

} = 2956

To find the thickness of abutment wall to cross arches between E,L.
! The greatest height of wall is HP — 7 feet, and greatest leverage of
? cross arch is HE — 4'5 feet Let B = the required thickness.
Then 7 X 3 4 500 B* 4 1894 X B = 8280 X 45
| B = 32 feet.
‘r As the leverage HE is continually decreasing, and tie-rods are added,
8 feet may be taken as the thickness of this wall between E,L. _
Again, to find the thickness of wall between L,N, where LT = 2 feet;
in the same way B = 1-86 feet.
.~ thickness of wall between L,Z = 2 foet.



156 PROFESSIONAL PAPERS

At the point N the springing point (D) of cross arch will be 4 inches
below the extrados of the main arch (i. ¢., NZ = 4 inches).

~ from N to 8 (14} feet) 1} feet will be amply wide for this inner
wall (made thicker, if necessary, at N and thinner at S).

Calculation for Tie-rods.—The safe working tension usunally allowed
on wrought-iron is 5 tons (11,200 -1s.) on the square inch. The total
horizontal thrust of cross arches = 38280 x 62 = 203,391 bs. The bars
are required to bear half this thrust. Let there be eight bars.

Then

.

208391 ) .
T3 8 x 11300 = 1-184 square inches = sectional ares of each bar.

Hence eight bars, 1} inches diameter (area = 1:227 inches) will be
strong enough. These will be placed, one through the centre of main arch,
and the rest about 7} feet apart; the three centre bars passing through
the main arches, and the others connecting the cross abutments.

Horizontal Thrust of Main Arches.—Total area of HNRKM (Fig. 2.)
= 2489 x 55 — 99704 = 844-41

.. Total weight borne by each abutment, ineluding 100 Ie. per superficiai
foot, for moving load, = (441 +5500) X 11 + 184 X B8 _ 97 740 e,
and 271760 X cot 30° = 470,703 s, = horizontal thrust. Width of
abutment = 11 feet = W.

Height of abutment = 19 feet (i. ¢., 2:29 feet above H., Fig. 3.) = H.

Let B = required breadth of abutment.

Then

I0BWE | 500.W.B* + 271760.B

= 470708 X 1814 B = 12:94 feet.
so that 13 feet broad with two buttresses 6 feet long and 3} feet wide, with
both abutments and buttresses cut away in steps for 4 feet, will be suffi-
ciently strong. (See Plate XXII.)

The arches between the main abutments, and resting on them, with the
walls, &c., which they support (Plate XXIL, Fig. IIL.) will also add to
the stability of the abutments.

A revetment wall between the abutments, 28 feet high, to resist the
pressure of the earth, would require to be 18 broad at the base, and 8 or 9
feet at the top. This would be an enormous waste of masonry; so I pro-
pose to throw an arch across, half way up betwcen the abutments, and let
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the earth lie on and under it at its natural slope (as in vaulted revetments
in fortifications. Plate XXII. Fig. IIL.) A revetment wall (resting on
an arch between the abutments) to be built to a little above water level
and made strong enough to resist the pressure of the water: also a thin
revetment wall resting on the inner end of the upper arch, which, having
earth on both sides of it, would be subject to little or no pressure, but would
prevent the roadway falling in at its junction with the cross roadway arch.

Thickness of Revetment Wall.—Supposing 10 feet of water flowing under
the bridge; the revetment wall 18-14 feet high, and B = the required
breadth. Then

10 X 625 X 5 = 1814 X % % 100. ., B =214,

., 8 feet at base and 2 feet at the top will be strong enough, especially
as it has a good deal of lateral support as well.

DzsioN, No. 2.—18 inches thick at the crown and 27 inches at the
Liaunches, may be rather too strong for an arch of only 10} feet span. By
making the cross arch 12 inches thick at the crown, and 18 inches at the
springing, the dimengions of the main arch is slightly reduced. Thus—

‘Width of main arches 10-5 feet,
Span of cross arch 11:5 ,,
' CF (Fig. 8) = 1-2¢ ,,

Weight of half cross arch with moving load = 1709 s. per foot run;
horizontal thrust of ditto = 2960 Ibs. per foot run.

Width of Main Arch.—Working out the thrust of cross arches (as in
page 4, except the average of cross arch = 21-84 instead of 21:19) the
width of each main arch = 974 feet.

% 1057 feet will be strong enough.
Total area of HNRKM (Fig. 2) = 2471 x 55 — 99704 = 862-01.
o Total weight borne by each abatment, including 100 fbs. per super-

ficial foot for the moving load = 6201 +5800) X 106 + 170 x 35

2
265,928 Ths.
Horizontal Thrust of Main Arches. —And horizontal thrust = 265928
X cot 80° = 460601 Ds.
Width of abutment = 10-5 feet = W
Height of abutment = 19 ,, = H
YOL. Il Y
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Let B = the required breadth of abutment 220HW-B" & 509 s 4

2
265928.W = 460601 X 1314
& B = 1803 feet.*
Tie-rods.—With the exoception of the change in dimensions herein
given, the construction is the same as in Design, No. 1.
There are to be eight rods, as in No. 1, the dimensions of each rod will

be 2060 x 62
2 x 8 x 11200

o diameter of each tension rod = 1} inch (area = 1-23 square inches).

DesiexN, No. 3.—Plate XXIIL Is to have three main arches and two
cross arches.

Suppose each outer main arch 7} feet wide, and centre main arch 7
feet wide.

Then each cross arch will be 5} feet span; the thickness at crown, 12
inches ; at springing 18 inches.

Rise of cross arch 07 feet.
CF (Fig. 8) = 0-4 feet.

Weight of half cross arch with moving load = 759 Ibs. per foot run.

Horizontal thrust of ditto = 1314 ths. per foot run.

Width of Outer Main Arches.—Then working out the thrust of cross
arches (as in page 154), but taking 21-:84 feet as the leverage of the cross
arches instead of 2119 feet, the width of each outer main arch will be 7-26
feet.

= 1-024 square inches.

& 7'5 feet will be strong enough.
Horizontal Thrust of Outer Main Arches—Total area of HNRKM
(Fig. 2) = 23-87 x 556 — 997-04 = 315-81.
., total weight borne by each outer abutment, including moving load =
Q1081 + BN TS+ TH X 55 159,926 s, and 159,926 X cot 80° =
276,999 ths. — horizontal thrust.

Width of sbutment — 75 feet =W
Height of abutment=19 , =H

-

* Bupposing the whole weight of the cross arch to be borne by omly the first 8 feet
of each main arch, then the horizomtal thrust of the malk arches for these 3 feet will be
(86201+6600)8+’1709xuxeot80°=189’7“u

Hence the presgure per square inch on the key-stone for theee 8 foet would be about 167 Bs.
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Let B = required breadth of main side abutment.

Then wﬁ + 500.W.B* 4 159926.W.

= 276999 x 13-14
Whence B = 12-87 feet.
Again, half the weight of main centre arch =

(81681 + 5500) x = 787 X 55 X 2 _ 171,528 M., sud 171528 X cot 30

= 297,095 Ibs. = horizontal thrust.

Then %ﬂ + 500 W.B* + 171528.W

= 297095 x 1814
Whence B = 129 feet.
Therefore 13 feet may be taken as the breadth of the three abutments
with two counterforts to each 6 feet long, those to the side abutments being
2 feet thick, and to the centre 8 feet thick, each. The back arranged in
steps (as in Plate XXIII., Fig. 1) The remaining details as laid down
in Design, No. 1, or as shown in the sections, Plate XXIII.
Crushing Weight on Key-stone.—Crushing weight per square inch on
horizontal thrust
setztioml area in inches

key-stone of main centre arch —

= 11228 ths, per
sqd¥re inch.

Tie-rods.—There are to be eight tie-rods to bear half the horizontal
thrust of main arches.

. 181463 x 63 _ . R
oo 2x8x11200"'04549 square inches — sectional ares of each bar.

.% diameter of each tension rod = § inch (area = 06 square inch).

Abutment Walls to Cross Arches—The abutment walls to the cross
arches will be of same thickness as in Design, No. 1.

DesioN, No. 4. Plate XXIV.—Is the same in construction as No. 1,
except that the whole thrust of the cross arch is borne by the tie-rods ; the
main arch only being made strong enough not to twist or crush, The
whole thrust of the cross arch being borne by the tie-rods, there will be no
use in investigating whether the main arches would break in the centre as
there is no outward thrust on them. '

Suppose the main arches 7 feet wide.

Then span of cross arch — 18} feet; thickness at crown, 18 inches; at
haunches, 27 inches ; rise of cross arch = 2-08 feet.
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CF (Fig 8) = 203 feet.
Weight of half cross arch with moving load, &c., 4326 Ibs. per foot run.
Horizontal thrust of ditto = 7493 Is. per foot run.
Tie-rods.—Total horizontal thrust of cross arch in 62 feet, divided
amongst thirteen tie-rods, gives a sectional area of

7493 x 62 :
By 1200 = 8:19 square inches to each rod.

Diameter of each rod = 2 inches (area = 3-14 square inches).

Ezpansion of ties.—The expansion of wrought-iron between 30° and
212° is -0012 of its length.

.*. The greatest expansion that could take place between those extremes
of temperature would be ‘0012 X 825 = ‘089 feet = 0-468 inches. But
as the greatest extreme (supposing the ties to have been originally put up
at a mean temperature) will never exceed 50°, the expansion or contrac-
tion of the bars will be unappreciable.

Horizontal Thrust—Total area of HNRKM (Fig. 2) = 2567 X 55
— 997:04 — 414-81 square feet.

% total weight of each abutment and moving load =

(41481 4 5500; 74 4326 % 55 _ 283,398 he.

’

and 283398 x cot 80° = 490860 bs. — horizontal thrust.
Width of abutment — 7 feet = W
Height of abutment = 19 ,, = H.
B = required breadth.
Then 0ET-B" 1. 500.W.B + 283398 x W
= 490860 x 13-14 ¢
! Whence B = 14:86 feet. °
Therefore 15 feet will be the breadth of the abutments (arranged in
steps at the back, as in Plate XXIV.) with two counterforts to each abut-
ment, 6 feet long and 2} feet wide.
Crushing Weight at Key-stone.—The crushing weight at key-stone of
. Horizontal thrust
main arch = o T area in inches
The crushing weight of brick-work is 1,500 fhs. per square inch.

= 184 fhs. per square inch.

Calculations for the dimensions of an ordinary bridge of the same span,
&c. Plate XXV,
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Total area of HNRKM (Fig. 2) = 2864 x 55 — 997-04 = 308-16.
Total weight per foot borne by each abutment with moving load =
"’_ﬂ‘%‘ﬁ—“’ = 17,908 fbs. :

and 17,908 x cot 80° = 81018 fbs. = horizontal thrust.
Height of abutment = 19 feet = H
B = required breadth.
Then 55 4 500 B* + 17908 x B = 81018 x 1814
' B = 7-52 feet.

Let the sbutments be 9 feet broad with four counterforts 7 feet long,
the two inner ones 4 feet wide and two outer 5 feet wide, and reduced at
the back as shown in Plate XXV., Fig. IIL

The face walls to be 1} feet thick, and the remaining dimensions as
shown in Plate XXV.

Reuarks.—In a small bridge of three bays, there is a saving of from 7
to 10 per cent; but in a large bridge requiring (say) 1,925 feet waterway,
or thirty-five such bays, and having five abutment piers, the comparative
cost of a bridge of ordinary construction, and of the four Designs given,
would be as follows :—

TOTAL 00ST OF
BRIDGE. PER CENTAGE.

Rs. A | P Gain, Loss.

Bridge of comparison, ... .. .. [L99,256 | 18| 8

Besign, No.1, oo o o .. 118000 | 4| 9| 62| ...
DA S e e fLagos |14 9| 1261 ..
w w8 e e e o |L79170718] 6] 1008 .
ok e e L7984 [12) 9| 1007

But in such a bridge the curtain wallé would be of a more expensive
construction, which would decrease the percentage. The foundations, on
the other hand, being also more expensive, would raise the percentage,
so that a saving of 10 per cent. may be taken as a fair average. The

above figures show that, cateris paribus, a long bridge gives a greater
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percentage of saving than a short one, and in page 154, it has been shown
that the wider the bridge, the cheaper (proportionally) such a construction
would be. The Hexagonal Syrian Tiles (the construction of which, by
Col. Fife, was published in Vol. L of the Professional Papers on Indian
Engineering) would make a capital material for the cross arches. In
England emall arches, up to 25 feet span have been constructed of a
single ring 6 inches thick of corrugated clay pipes, and found to stand
the passage of heavily laden waggons without being in the least injured.

For second class bridges, I propose building two main arches (as in

Design, No. 4) with the inner face walls (called in previous Designs,
sbutment walls to cross arch) made thick enough to stand the pressure
of the backing, and built to a level with the top of the crown of the main
arches. On these walls will rest wooden beams bridging over the inter-
vening space, and on these beams will be laid the roadway, as in ordinary
iron or timber bridges. The width of the main arches will depend on the
span. Such a roadway between the main arches would add so little to
their weight (and consequently thrust) that the abutments would be com-
paratively small. The saving in the cost of such a construction would be
much greater than in the above Designs, and the bridge can be made a8
permanent as required.

The advantages in the Designs given are—

1. There is a large saving in expense.

2. Bhould workmen be scarce and the stream to be bridged subject to
freshets likely to carry away the centerings and destroy the un-
finished superstructure ; anly one main arch (or less than one-third
of an ordinary bridge) need be built at a time, when the damage
done would be considerably less, and might. often be avoided al-
together.

8. The amount of material to be collected and the number of laborers
would be greatly reduced. The iron work being of the simplest
description can be done by ordinary native blacksmiths.

4. In deep well foundations the percentage of saving would be enor-

mously increased.
F. D. M. B.

. Nore By Epiron.
1 doubt whether in ordinary cases, the 10 per cent. saved would not be
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counterbalanced by the more complicated construction proposed. But the
fourth advantage claimed, where expensive foundations are employed,
appears deserving of much consideration. Bupposing, for exampie, in a
railway bridge with 100 feet spans, that the masonry piers supported on
deep well foundations were so far modified, that the centre portion of the
pier, instead of being continuous, were replaced by an iron girder carried on
the two end portions. This cross girder would carry the two inner longi-
tudinal girders (or two inner rails, in the case of a double line), the two
outer girders being carried on the masonry ends of the piers. Such a
girder would have a length (or bearing) of (say) 16 feet, a depth of 18
inches, and would have to carry a distributed load of 100 tons, for which a
section of 30 square inches for either flange would be amply strong;
while the cost of this short girder would be very much less than the por-
tion of the masonry pier which it replaced, and the extra wells required for
its foundation. This of course has nothing to do with the above calcula-
tions so far as arches are employed, and is simply another form of open
piers, as when hollow cast-iron tubes are used, for instance. But it might
be employed where iron cylinders or screw piles could not be procured ;
while the iron girders, if not procurable, might be replaced by timber.
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No. CVII.

ROADS IN ASSAM.
(2~p ArTICLR.)

Report on the Road from Gowhatty to the Sylhet River, by Masor D.
Brices, Snperintendent of Works in Assam.—[See Map, at p. 50].

Tur country lying between Gowhatty and the main axis of the Cossyah
Hills, of which Shillong is the crowning height, was only known to
Europeans along the Nunklow hill-path, and this was held in so bad re-
pute from its unhealthiness, that those who ventured the journey along it
did so as fast as the means at their command permitted; and considered
themselves fortunate if they escaped the malarious fever which, undoubt-
edly, pervaded it at almost all seasons of the year. This route was wholly
unadaptable to a line of road with gradients not exceeding 1 foot in 25.

Another route to the eastward was known to a few Officers, and was
recommended in 1862 for adoption as the future hill road between
Gowhatty and Shillong. But I found it generally so deeply imbedded in
swamps and low bottoms that for this and other reasons given in my letter
of the 20th November, 1862, I strongly declared against its adoption.

It seemed to me that as both of these routes were intersected by streams
flowing in opposite directions from a range of hills lying between them,
and that as this range abutted on the plain close to Gowhatty, I should in
all probability find that a line of road might be taken cloge to its water-
shed, which would ensure a higher and healthier route, the absence of all
large rivers, and probably afford & natural inclined plane sloping upwards
to the great elevated plateau of the Cossyah Hills. It will be seen that in
these qualities my surmises were found to be generally correct.
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Although I have spoken of & range of hills lying between the two routes,
it must not be supposed that this is a peculiar feature in the aspect of
the country. 8o far from it, the whole of the space between the Cossyah
Hills, properly so called, and the Valley of Lower Assam, is crowded with
& mass of rounded hills apparently detached, but in reality (following the
almost invarisble law of physical geography) joined by low and narrow
passes. The tops of these hills vary from 1,500 to 8,500 feet above the
sea level, and their connecting links or passes, which become obligatory
points to a road taken in the direction of the axis of any one of them, vary
from 1,800 to 8,000 feet, the height increasing as the axis nears the mass
of mountains from which it has been thrown off.

The appearance of these hills when viewed from the superior range of the
Cossyahs is like a tumultuous but unbroken ses, no wave rising above one
normal level, but no portion absolutely smooth. Where the general
elevation is below 2,500 feet, the hills are covered with dense bamboo and
tall grass jungle. The sél, jamoon, gumree, and semel are the common
forest trees. Above that elevation bamboo generally ceases, and, except in
the bottoms, the grass is of moderate height, and a pine very similar to
the Scotch fir becomes the ordinary forest tree. Above 3,000 feet oak
becomes common. I am inclined to associate the fever level with that of
the pine.

These hills, with an exceptional wall of cliffs, or granite crags exposed by
the action of water at their base, are well covered with soil, generally of
a rich red quality of that kind favorable, I believe, to the growth of Tea. -
This depth of soil presents to the Engineer fewer natural obstacles than are
generally met with in the construction of hill roads. It is also of & nature
which promises to preserve its form when the section of a road 24 feet wide
is cut from the hill side.

Throughout this undulating mass of hills there are but few villages.
Five and six miles may be passed without the traveller seeing one, yet at
almost every mile there are vestiges of former habitations, deserted, it is
said, in consequence of the ravages of wild elephants. The crops of hill
rice, pulse, and cotton, which are here and there met with, are all fine in
quality, and the specimens of the latter were the heaviest bolls I have seen
in Bengal. Unlike the distinctiveness of race and language which char-
acterise the peoples of the mountains shutting out the Valley of Assam
from the south, the population of these lower hills is of a mixture of tribes.

VOL. IIL z
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The Garrow, Meekir, Cacharee, and Cossyah are found here all living
together, and although not so powerfully made as the true Cossyah, yet
the mixed race is a fine one and marvellously superior to the lazy and
effeminate people of Assam. They are quiet, good-natured, fond of home,
and far more temperate than the inhabitants of the higher hills. They are
great woodsmen, using the dhou with admirable facility, but are des-
titute of the means of waging war against the wild animals from which
they suffer. As a rule, they have neither guns nor bows, and the art of
snaring or trapping, so well understood by neighbouring tribes, is to them
almost unknown. This is the more curious, that they are great admirers
of flesh, and are quite without prejudice as to the kind, quality, or con-
dition. A morsel of an elephant found dead on their hills, or a succulent
puppy bought at the Bengallee kaths, are equally prized delicacies. )

Having dwelt somewhat at length on the description of the country
between Gowhatty and the Cossyah Hills Proper, because it is a region
hitherto unknown to Europeans, I will not give a separate description of
the well known ground of the Cossyah range, but merely notice such parts
as affect the line of road, when describing its course with reference to map
and section.

Attached is a section of the entire line of road from the Berhampooter at
Gowhatty to the SBoormah at Sylhet. The heights were taken by Aneroid
Barometer compared with the standard in the Surveyor-General’s Office

in Calcutta; and the distances, partly by actual measurement, and partly
) by computation of the length of base, corresponding to the observed dif-
ference of height proceeding at a known gradient. In many places the
jungle was so dense that the line could not have been measured withont &
clearing being first effected, and that would have delayed me far longer
than my other duties could permit. A map on & scale of 4 inches to
the mile showing this line of road and all new roads being constructed or
surveyed within the circle, is now under preparation and will be forwarded
when ready. In the meanwhile the Cossyah and Jynteah Hill map will
serve the purpose of this Report.

After passing through six and a half miles of the Assam Plains to the
south of Gowhatty the line ascends 950 feet, at a gradient of 1 foot in 25
for four and a half miles, with a level break of half a mile. The line then
descends 250 feet to the Gorbungah Valley, which lies between the last
high Station and the Kukra Seel Pass. This descent is easily effected at
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a gradient of 1 foot in 40. But when the ultimate point to be reached was
still upwards, this descent is, of course, contrary to the true principleso n
which hill roads should be laid out, as the Engineer hasno right to impose
on the traveller the double ascent of so many hundred feet. The choice
lay between winding for six miles up and down a lateral valley, orintroduc-
ing the easy gradient of 1 in 40 for a mile and a half down and a mile
and a half up to the Kukra Seel Pass, and the latter course was preferred.
For the same reason the abnormal descents at the 22nd mile, the 36th
mile, and the 49th mile, became necessary to avoid an increase of distance
of some eighteen miles.

After a short descent of 1 in 33 from the Kukra Seel Pass the line
proceeds at a very easy gradient through long flat valleys to the Oomur
Nuddee. On either side are hills covered with the unrivalled forest
growth of Assam, and here it is that the soil is of so excellent a quality
for the growth of tea. The line crosses several %small streams, tribu-
taries of the Oomur, which is crossed at a spot easily bridged, where its
crystal stream dashes over a ledge of rocks; and this site has been selected
for the first Inspection Bungalow. The valley is well stocked with magni-
ficent sdl trees, and being at & general elevation of more than a thousand
feet, is always comparatively cool.

Between the Oomur and the Amtenah streams, a rise of 150 feet at 1
foot in 83, and a corresponding descent is necessary to cross a small
intervening range on which cotton and hill rice are cultivated. The Amte-
nah will require a bridge of 70 feet span, the largest on the whole line
of road until the Sylhet Plain is reached.

From the Amtenah the line recovers the watershed by ascending for
three miles, at a gradient of 1 in 33, to the obligatory Pass above Punkir
village. It passes through rich red soil covered with forest presenting
no difficulties. Here it meets the head of a long flat valley which ex-
tends down to the old Nunklow road near Nowgong, and which some
twenty years ago was covered with cultivation. The annoyance the vil-
lagers met with from wild elephants caused its abandonment ; but now, in
consequence of the large clearings the road will require, its re-cultivation is.
confidently looked for. Crossing the head of this valley to a series of obli-
gatory points on the watershed line, it passes along them at easy gradients
and level spaces until it strikes the Oomloor- river near its source close to
the village of Palliar. Here, at 2,200 feet above the sea level, the first
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pines are met with, and from this the natural growth changes from dense
bamboo jungle and lofty grass to comparatively low grass, and an entire
absence of bamboo and other plants characteristic of the Assam jungles.
Two miles beyond Palliar, at an elevation of 2,500 feet, we are building
the second Inspection Bungalow from Gowhatty, and I believe the spot .
will prove generally healthy and above the limit of the fever stratum.

Having reached 8,000 feet we are obliged to descend at 1 foot in
60 and 1 in 100 to the next obligatory point on the watershed, (elevation
2,772 feet) from which we run up easily to the crossing of the Putran
stream, the eastern tributary of the great Borpanee river which flows
under Nunklow. It will require a bridge of 65 feet. The descent is
through beautifal glades, bounded by grassy knolls, on which magnifi-
cent red barked pine trees cluster in groups, more pleasing to the eye than
art could ever have devised. If this mass of swelling uplands proves as
healthy as the apperance of the few inhabitants promises, and as my
native predilections in favor of the healthful atmosphere of the pine sug-
gests, another wide field in the waste garden of Assam lies ready to repay
the industry of the English settler.

The ascent from the Putran stream to the first terrace of the Cossyah
Hills Proper, forms the longest incline on the road, at a gradient nearly
approaching 4 feet in 100, which Government was pleased to fix at my
suggestion as the maximum. The incline varies from 1 in 83 to 1 in
25 and is twelve miles in length. To have eased the gradient would have
added to the length of the road, which I thought objectionable. These
twelve miles lie through s magnificent forest of pines, many of which
attain great size. Although there are some stiff rocky banks to be cut
into for the full section of the road, yet, except at one spot, there is no
continuous line of cliffs. The exception is where the line cuts a wall of
granite about 200 feet in length, at 40 feet from its top. In two places
narrow spurs will be cat down 30 feet, and at the top of the pass there
will be 20 feet taken off its height. Here, at an elevation of 5,222 feet,
the third Inspection Bungalow will be built. The two already adverted to
are being built in the ordinary Assam style of thatched roof on posts, with
bamboo mat walls and flooring, costing about Rs. 250 each; but such
will not do at this elevation. Good rubble stone walls, chirhnies, and
planked flooring are required; and it is hoped that Government will
sanction Rs. 1,500 for each Bungalow in the Cossyah Hills, as it is
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impossible for the Road Officers to live in tents during the greater part
of the year without losing their health ; and, as a matter of mere economy,
it is cheaper to provide weather-light accommodation than to have them
frequently unfitted for dnfy through sickness.

- After reaching the top of the Pass, which I will call that of Nongrim-

chitla, (for the village of that name is within 2} miles,) we enter upon a
country of long flat valleys and bare ridges, grim and sterile in appearance
during winter, from the almost total absence of trees, but during spring
and summer spread with a richly tinted carpet of wild flowers and berries.
‘Where, too, the soil is best, hundreds of acres of potatoes show its rich-
ness by their luxuriant growth, and prove the fitness of the climate for
European crops. The cattle also, by their size and sleekness, evince the
nutritious property of the natural grasses, and suggest speculation as to the
weight and quality of the beef they might produce if stall-fed in winter
with the turnip, which the potato land would undoubtedly supply.

The flat valley country eitends, with only one interruption, for ten miles
in the direction of the line of road, and widens out to great breadth in the
neighbourhood of the village of Marpana, stretching up on the broad flank
of Dinghai, which rolls up its massive out-line in the eastern horizon to a
height only 870 feet less than Shillong. The one interruption alluded to
is the second terrace of the Cossyah upper plateau, the rise from 5,200
feet to 5,600 feet. Except in temperature there is no difference between
the two, therefore I have described them as one. This rise is arranged
at a gradient of 1 foot in 27 along the face of a hill presenting no special
difficulties.

Under the village of Marpana, the road shoots through s chasm
formed by the river of that name, and this will constitute one of the
most picturesque parts of the line. The river rushes from one flat valley
to the next, through a narrow opening between two ranges of cliffs, so
narrow that it is not seen until the gorge is entered. From the cliff on
the left bank the road will be cut, crossing the river where it turns sharply
to the east by a bridge of about 50 feet span. It then gently descends
at 1 foot in 83 to a highly cultivated valley, which it first touches, and
then slips over a low pass into another fine valley leading to the Kuksee
Nullah.

The Kuksee, lovely as a Devon brook in its clear deep pools and spark-
ling runs, its mossy banks glowing with wild flowers and the bright strawe
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berry, with here and there a rugged rock to force its calmer beauties into
stronger contrast, bounds the last of the open valleys north of the ¢ Wailing
Waters,” the rock-bound and terrible Oomeeam. Through oak copse, birch,
and rhododendron, the road gradually ascends to a pass 200 feet above
the Kuksee, from which pass it winds down to the Oomeeam, crossing
the river just before it is thrown into an abyss more than 1,000 feet in
depth. In the ascent, a chasm of 60 feet has to be bridged, and in the
descent about one quarter of a mile of very compact slate has to be cut
through ; otherwise no extraordinary difficulties occur.

From the Oomeeam, the line ascends at first at a gradient of 1 foot
in 80 along the very precipitous hill-side which slopes down to the
river. Here the excavations will be heavy for about one mile, but the
rock i8 not compact, and will offer no great impediment to the work-people.
Near the village of Marbeesoo the line joins the present road from Moflong
to Shillong, about three miles distant from the western boundary of the
station. At this point, after crossing & tributary of the Oomeeam, a
fertile valley is followed up to the west flank of the Shillong mountain,
the gradient being 1 in 55 and the distance four miles.

Having described the line as far as Shillong, I will state what work has
already been done between it and Gowhatty, the cost, and our immediate
requirements ; but in doing so bere, I beg to be understood as not in any
way depreciating the project for the extension of the line of road to the
Sylhet Plain. Without this extension the project would be but a half
measure, and its great political and social advantages would remain un-
developed. Besides, I state the opinion of the Civil Authorities when I
say, that without a cart road to Sylhet it will be impossible to keep Shillong
supplied with ordinary provisions.

As I write, it is just & year since I commenced exploring the country to
the south of Gowhatty, and we now have the road (with the exception of a
break of about ten miles) open for ponies or laden mules. Those ten miles
will, I expect, be completed by the time the Report is in the hands of the
Lieutenant-Governor. There are narrow places where little could be done
without blasting, and although long since applied for, neither tools nor
powder have been sent from Calcutta.

We have suffered from the want of Officers and subordinates generally,
while the want of labor has, of course, been a great source of trouble and
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anxiety. " It is not solely the result of a paucity of inhabitants in the
country; a good deal is due to the want of Assistants and fit subordinates,
because had they been available, work could have been commenced at many
different places, drawing labor from the neighbourhood which could not be
induced to move to more distant parts of the line.

The entire outlay up to the present date has been Rs. 14,655, and
upwards of seventy miles are open to & minimum of 5 feet in width,
This sum includes all expenses in surveying and laying out the first trial
lines; in carefully surveying for Estimates thirty miles of finished bridle
road ; in a mile and a half of very heavy earthwork in the Gowhatty Plain,
where the road passes through inundated ground; in building temporary
timber and bamboo bridges over every stream; in clearing jungle for 50
feet on each side of road for twenty-five miles; in building one Inspection
Bungalow and commencing another ; in building numerous sheds for tools
and hutting coolies; and in carrying out provisions for them, and establish-
ments generally. '

Upon the whole road the average cost has been close upon Rs. 200
per mile, which inclndes balances in hands 6f disbursers and contractors.

Considerable interruption to progress has been occasioned by the neces-
sity of sending out from Gowhatty all requisite stores, provisions, and tools ;
carriage for such draws a number of laborers from road work, and disgusts
many more who object to be made porters of. I am now in treaty for the
purchase of some mules, which will, I trust, be a source of relief to all
parties.

We are establishing shops for grain near all the Inspection Bungalows,
so that, I trust, ere long the road may be travelled without inconvenience
or hardship.

I will now describe the line I have selected for the descent from Shillong
to the Sylhet Plain, which, for reasons stated, differs somewhat from the
line I examined in 1862. The highest point reached by the road at
Bhillong is by aneroid 6,088 feet above sea level. The Sylhet Plain is by
the same instrument 52 feet. Thé base required for such descent at
a continued gradient of 3 feet in 100 is thirty-six miles nearly. The
intervening valley of the Bogopanee and the necessity of keeping as near
a8 possible to the watershed line, to avoid a mass of difficulties which the
well-known precipitous ‘walls lining the southern face of the Cossyah range
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presents, obliged me to increase this base to fifty-three miles. But this is
no drawback to the excellence of the line, because an unbroken ascent of
8 feet in & 100 for so great a distance would have been very severe up-
on draught cattle, and the selected line in no place proceeds very much out
of its true direction.

The difficulty was to find a base of sufficient length which did not run
us into the great natural bastions of sandstone above-mentioned, and which
would not necessitate zig-zags, those most objectionable make-ghifts for
avoiding difficulties in hill roads. This was the objection I found to the
line explored in 1862, when I came to lay it out.

I first of all examined two lines running through Cherra Poonjee, (which
station I should have liked to have brought on to the line of road,) one to
the westward by Chelah, the other, taking the line projected by Lieutenant
Yule (now Colonel Yule, C.B.) in 1842, for the incline from the coal mines
to the plain. Both I found led through very difficult ground, and would
have entailed many zig-zags. Besides, Cherra stands immediately overlook-
ing the plains at a height of 4,400 feet above them ; such a difference of
level would have required a base of at least twenty-two miles, whereas the
distance by footpath is not above eight. This would not only have been a
highly unpopular feature in the road, but would in reality have considera-
bly increased the distance from Shillong to the plains, as the country be-
tween Shillong and Cherra undulates too steeply for a cart road upon the
line of the present path, and this would have necessitated several inclines
quite out of the true direction, thereby considerably lengthening the dis-
tance beyond what it is at present. :

I then tried the line which I explored in 1862 through Lailankhote,
descending from the gorge by the stream which flows southward towards
Ponduah, but this led through such ground that for miles I could not ob-
tain even footing. To explore the line for a hill road when the glens and
ridges are covered with jungle, and to lay it out at a restricted gradient,
are two such different operations that it is almost impossible to estimate by
mere exploration either distances or difficulties.

I lastly tried a line through Lailankhote down the long spurpuamg
Nonkredém, the residence of the Rajah of Khyrim, and abutting on the
Sylhet Plain at Lukhet. Here I found a possible base line through a con-
try generally favorable (with the exception of four miles near Nonkredem),
reaching the plain within twenty miles of the station of Sylhet.
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In my letter above quoted I suggested that the southern terminus of the
road should be at Chattuck, because that was the highest point on the
8oormah that steamers could-reach at all seasons of the year; but it has
since been pointed out to me that Chattuck is no base from which supplies
for Shillong could be drawn, and that unless easy communication is estab-
lished with Sylhet, there will be great risk of the troops and residents at
Shillong being hard-pressed for provisions. Again, it has occurred to me
that, as Shillong is looked to as the great sanatarium for the hundreds of
European Planters who will ere long overspread Cachar and Sylhet, it is
but right, provided there is no fatal objection, that the southern approach
to it should be from a central point, such as the town of Sylhet.

In my letter of the 9th December 1862, I was led into error as to the
probable distance from Gowhatty to Chattuck, which I stated as about 104
miles. The almost impenetrable mass of jungle which covered a portion
of the hills between the Cossyash range and Gowhatty prevented my
seeing much of the sinuosity of their contour, and my endeavors to reduce
the general gradient to a rate not exceeding 1in 30 have considerably
added to the distance, which will now be, from Gowhatty to Sylhet, 154
miles. The distance by the old mountain road vid Cherra Poonjee is 142
miles. Considering that the first is to be a cart road with no gradient
exceeding 1 in 25, and the second was laid out without reforence to
gradients at all, except that at which a pony could climb, the result is
more favorable than that ordinarily obtained in hill roads.

I will now examine, in detail, the line adopted from Shillong to Sylhet,
o} which about four miles in the valley of the Bogapanee is open to 18
feet in width, and the rest only lail out.

Leaving the western shoulder of Shillong at 6,088 feet, the descent of
600 feet to the torrent of the Bogapanee is effected at a gradient of 1
foot in 83 for four miles, and nearly level for two. The hills are bare
and covered with short grass. The geological formation presents few
difficulties. This is the chie@iron region of the Cossyah Hills, and large
quantities are continually being taken to Lukhet to barter for grain and the
produce of the plains. The projected road will assist this traffic greatly.

The erection of a stone bridge over the Bogapanee with timber platform
was commenced last year, but a very great rise in the river swept away the
centre pier before it was half built up, and a fresh project, avoiding any
intermediate pier, is now under preparation. Four miles further down this

VOL. IIL 2 a
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river, an iron suspension bridge was built about 1844, but was swept away
by an extraordinary rise in the river six years afterwards. I believe that
an entirely stone bridge of one opening of 90 feet span will prove the best
structure for this very troublesome torrent.

After a mile and a half of ascent through huge boulders of granite the
road reaches Lailankhote, where it crosses the Cherra Poonjee and Jowai
road. The ascent is easy, and with proper blasting tools, the formation of
the roadway will not be difficult. From the Lailankhote plateau commen-
ces the steady descent to the Sylhet Plain, unbroken, except by a few level
portions, and it is between Lailankhote and Nonkredem where the only
real difficulties of the line are met with. The hill sides are there very
steep, and the rock line near the surface. It is, according to Oldham, of
the metamorphic series, and is decidedly difficult to work.

The first difficulties are caused by a sudden break or wall in the spur of
460 feet in depth. This obliges us to cut the road out of the steep hill
side facing the east, which is exceedingly rocky and precipitious. There is
no other available line, and so we must face it. After reaching the bottom
of this wall at an obligatory point called Roloo, we skirt a peculiarly isola-
ted hill and pass on the watershed line, following it to Nonkredem. Im
several places it is nothing but rock forming narrow sharp ridges, at pre-
sent broad enough only for a very bad mountain path. These sharp ridges
will have to be cat down until a sufficiency of width is obtained for the road.
As stated in my letter above quoted, it is scarcely. possible to have all
this rock excavation effected without the assistance of a Company of Sap-
pers, or at least a body of men accustomed to blasting operations. We
have taught a few men here and there; but I can testify, from long expe-
rience in such operations, that a mass of excavation in rock van only be
successfully accomplished by the concentration of a considerable force
worked in a systematic manner. v

After passing Nonkredem we return to the sandstone formation, affording
easy ground for & hill road passing over gra®s slopes broken here and there
with oak woods. On the opposite hill, Cherra Poonjee can be easily seen,

‘but between it and the line lies a tremendous chasm, eight miles in width
and 4,000 feet in depth.

The same easy ground extends the whole way down till within 1,000
feet above the Sylhet Plains. Occasionally rocks are met with, but no ex-
tensive cliffs. The hill sides are generally pretty clear of jungle, and
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nothing could be more favorable for a line of hill road. At Tunginath,
4,400 feet above the ses level, the coal seams described by Mr. Oldham*
are passed. The distance to them by road from the plains will be probably
twenty-five miles.

At 1,000 feet above the plains commence dense plantations of areca,
jack, and orange trees, for which the south face of the Cossyah and Jyn-
teah Hills is famous. They grow on very little depth of soil and over
rough rocky ground. The road will be expensive throughout these five
miles of descent, but not more than ordinarily so in hill road work. There
will be a good deal to pay for compensation for damage done to the plan-
tations, probably about Rs. 8,000 per mile, or Rs. 15,000 in all.

It may be well here, where my description of the hill portion of the road
ceases, to state what my opinions are now as to the mileage cost of a
24 feet road across from plain to plain. Assuming as the rates for exca-
vation, Rs. 5 per 1,000 in soil; Rs. 8 in stony ground, reducible with .
pick-axe and crowbar; Rs. 15 in rock and slate, where frequent blasting
will be necessary; I estimate that there will be—

56 miles of the first.
67 ” »  B8econd.
7 » g third. )
The section of the first class will give about 2,64,000 cubic feet per mile.
The section of the second about 6,33,000. per mile. The section of the
third about 12,67,000 per mile. From this we have—

Number Cubio feet Rate Oost.
of miles. per mile, per 1,000,
First class, ... 56 X 264000 x Rs. 53 = Rs. 78920
Secondclass, .. 67 X 683000 x , 8 = , 889,288
Third class, 7 X 1267000 x , 16 = , 1,15000
400 masonry cnlvu-tl, at Rs. 5,000 each ... e = 5 2,00,000
(Stone everywhere procurablc)
750 running feet of stone and iron bridge, at 120 per foot, , 90,000
Probable cost of road within the hills, ... .. .« o Rs. 818,208
Tot.hnhutobeaddedtwentymﬂesof mdm SylhetPlnn
at Rs. 4,000 per mile, . . » 80,000

And 700 feet of masonry md iron bndgu, prondod t.he Peme
and Gwine rivers are bridged, at Rs. 120 per running foot, , 84,000
Probable total ‘cost of road, e« . e ... Ra, 9,832,208
or about Rs. 6,000 per mile.
¢ Se0 Oldham's Geology of Khassia Hills, p. 66.
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About one-half the road may hereafter require to be metalled.

I have only now to describe the portion of the line in the Sylhet Plain.
It is not generally more than 50 feet above the level of the ses, and is
consequently liable to inundation from the backing up of the rivers during
the rainy season. This is more especially the case immediately under the
hille, where the elevation is still less than on the banks of the large rivers
that intersect the valley, the Soormah and Koosheearsh. These, by the
deposit of silt are being gradually raised above the normal level.

In any case, then, a road communicating between the hills and any town
on these rivers, must pass through a certain portion of low country. The
direct line from Nys Haut, where the Shillong Road will reach the plain,
to Sylhet, will pass through about four miles of inundated country on
either side of the Peine river. After doing so, it -reaches a highly culti«
vated rice country passing near Durgam and Augajoor to the Salookee
Ghaut on the Gwine or Ghinga Khall. From the Ghbaut a very heavy
bunded rvad exists to Sylhet, six and a half miles distant. It is also
bridged, but from the employment of bad material the bridges are falling
into decay. I propose having both the road and bridges put into better
order. They have not hitherto been under charge of the Department of
Public Works. The Peine and Gwine rivers will each require bridges of
800 feet in length, divided into bays of 60 feet. Wrought-iron girders
upon screw piles will be most suitable.

In concluding this Report, I may state that from what Inow know of the
Cossyahs, I believe that this great work might be constructed within three
years. Bringing into easy communication Assam and Sylhet, whilst at
the same time it opens out a sanatarium for each, and extends the ares
of rich culturable land to the European settler, it affords the best security
sgainst future Jynteah outbreaks, and appears in all its bearings to be
most desirable undertaking.

D. B.
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No. CVIII.

PRESBYTERIAN CHURCH—ALLAHABAD.

TrE architecture of this building is of the simplest early English with
very little ornament, effect being mainly sought by contrast of material
and workmanship employed.

The mass of the masonry is of brickwork, pomted on the exterior and
plastered interiorly, but all the openings, buttresses and quoins, have stone
dressings ; and the copings, cornices and pinnacles, are also of stone.

The building consists of a nave and side aisles; the interior walls on
either side being pierced by large Gothic arches with deep mouldings spring-
ing from stone columns, each of which consists of four cylindrical columns
clustered into one.

The principal entrance is through a doorway entirely of stone, with deep
‘mouldings and detached columns in the side jambs, under a carriage
porch of coursed rubble stone, the exterior having the face pitched, and
the interior dressed to a fairly smooth surface.

There is an entrance at either side into the body of the Church, through
a high Gothic doorway, with attached columns of stone in the side jambs,
and towards the south end of the Church further from the main en-
trance on either side, a small porch is attached ; one of which forms a vestry,
the other an entrance.

The Church ranges north and south. The main entrance is to the
north, and the southern end is occupied by & large window of three lights,
the jambs and mullions of which are all of stone.

There is a circular window of stone tracery high in the northern gable.

The floor is flagged with stone slabs 18 inches square, alternately white
and red in color; the roof covering is of corrugated galvanized iron laid
on and bolted to purlins fixed to the principals of the trusses.
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The pitch is high, the vertical angle 80°. The trusses of sl wood ;
hammer and collar beam, the exposed portion being worked into deep
mouldings and varnished.

A ceiling of American pine planking, tongued and beaded, and varnished,’
is laid under the principals and collar beams of the trusses. The contrast
of color between the dark sal wood and light colored pine produces a
pleasant effect.

The hammer trusses ran down and terminate on corbels of stone, some-
what similar in form to the large columns of the nave.

The doors and windows are all of teak wood varnished. Chandeliers,
wall and pulpit lights of appropriate design in bronze, have been procured
from London.

The sittings, when complete, will consist of arm chairs of a simple
pattern, ranged within book rails of teak wood, with heavy standard
ends to form pews.

The cost has been defrayed in about equal proportions by the Govern-
ment and the congregation, who hope hereafter to raise funds sufficient to
add a tower and spire.

F. W. P.

[This Charch was built by Capt. D. Limond, R.E., from the designs of
Capt. Peile, R.E., Superintending Engineer.—Eb.]
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No. CIX.

RAILWAYS IN WAR.

Ix whatever degree existing Railways may affect the operations and
movements of troops in future warfare, it is undoubtedly extremely impor-
tant that an army occupying a civilized country should contain amongst
its numbers, a small body of men conversant at least with the elementary
-principles of Railway construction. For, by being familiar with the duty of
each part in any structure, we know where to attack it in order to destroy
or disable the same according to the exigencies of the case. .

In the present paper it is proposed to consider as briefly as possible, in
what manner and by what means, a line of Railway may in time of war
be dismantled, in order to impede or arrest the enemy’s trains; and
on the other hand, how the damage done by the enemy may be most ex-
peditiously remedied with available resources. The following remarks,
although intended for a Railway constructed with rails supported at
intervals in chairs on wooden cross sleepers, (such as the London and
N. W. Railway) will be found applicable with modification, to lines with
various superstructures of any gauge. ’

To proceed then at once to consider the different ways in which such
a line of communication may be destroyed or rather broken in the field,
80 88 to interrupt the passage of trains, it is proposed to class them under
seven heads, the selection from which will depend on existing circum-
stances, The passage of trains may be interrupted :—

1. By removal of keys and widening of gauge.

2. By displacement of rails with or without destruction of chairs.

8. By displacement of rails and destruction of sleepers.

4. By abduction of rails, chairs, and spikes, with destruction of sleepers.
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5. By blowing in the sides of deep cuttings.

6. By the demolition of some permanent structure such as a bridge

or viaduct.

7. By blowing in tunnels.

In the first process about a quarter of a mile of line could be disabled
by 20 men provided with sunitable hammers in half an hour, and the keys
burnt or otherwise made away with. The effect would be, that any train
travelling along the line would leave the track and considerable damage
ensue, unless the driver perceived the alteration of guage and pulled up in
time, which is extremely unlikely ; and éven in that case, although there
would be no more damage than the loss of keys, considerable delay would
be the result.

Process No. 2 would require more time, trouble, and additional tools,

for should the rails be fished, wrenches as well as heavy hammers,® will be
requisite. With these tools, the rails may be abstracted (leaving the chairs
on the sleepers) and buried, thrown into a river if convenient, or concealed
by other means, as probably it will only be desirous to break up a short
length this way. Twenty expert men could certainly complete it in half
an hour or less, exclusive of the time employed in making away with the
metals.
Process No. 8 will require additional tools, in the shape of shovels
and picks for the removal of the ballast, in order to displace the sleepers.
It would seldom if ever be advisable to remove the chairs from the sleepers,
a8 the operation is too laborious; for the spikes having rusted, hold with
remarkable pertinacity in sound wood, and it is only by continued blows
from a heavy hammer that they can be extracted.

By processs No. 4, the whole of the permanent way is removed and con-
cealed or destroyed; it must be only on peculiar occasions that this is ex-
pedient, as the trouble and time expended would not receive adequate
compensation from this entire demolition of permanent way.

By process No. 5, an obstruction in the shape of earth is merely placed
on the road and little or no material damage done to the Railway, but a
delay ocoasioned in proportion to the quantity thrown down and the means
available for its removal. ’

The amount of destruction caused by process No. 6, must be regulated

. Qrd!.mry plate-layer’s hammer.
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aoccording to circamstances. The bridge may be entirely demolished, or
only one arch ; or one pier of a viaduct blown down.

When process No. 7 is resorted to, the point of attack must be well
chosen ; it will vary with the length of the tunnel, and the nature of the
rock, (in a geological sense,) jhrough which it passes. Long tunnels
through hard solid rocks, such as require no lining, will be best attacked at
the shafts by blasting from the top, or by other means of filling in. Short
tunnels with masonry lining may be advantageously attacked at the crown
or both haunches.

" Whenever it is determined to interrupt the passage of trains, of course
_ the desired end should be sought for, with the least trouble, expense, and
permanent damage. As expressed by General Sir J. Burgoyne, ¢in dama-
ging a railway to impede the progress and available means of an enemy's
army, the object will of course be to do as little injury to a great con-
venience of the country as is consistent with the primary consideration of
crippling the military resources of the enemy for the time.” As this
paper aims merely at practical facts it will not be out of place to enumerate
the tools necessary in the foregoing operations, which may be classed
under two heads A and B.

A, including Nos. 1, 2, 8, and 4, are all attacks on the permanent way.

B, including Nos. 5, 6, and 7, are all attacks on permanent structures.

In order to decide upon the number and proportion of tools, it is neces-
sary fo take some number of men as a standard unit, or detachment com-
plete, of which there may be any number with an army; and for this
purpose it is proposed that a detachment should consist of 22 men, exclu-
sive of non-commissioned officers., For operations under the head A,
the detachment will require

8 Picks and shovels for opening up the ballast.

4 Screw spanners to take off fishes.

15 ‘Heavy hammers to force the sleepers from the chairs, and having

one end small for keys.

" 4 Handspikes.

The above numbers are chosen in order that every man many be em-
ploye\d from the first on the most complete demolition. Thus, to com-
mence work, we have eight men with picks and the same number with
shovels to remove the ballast, four men with spanners to take off the fishes,
and two men with hammers to displace the keys. As previously men-

‘voL.’1I. 28
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tioned, the separation of sleepers and chairs is extremely laborious, and
therefore when necessary, the simplest and best way would be to form stacks
and burn the sleepers, when the chairs might be afterwards collected.

In operations under the head B, such tools would be required as have
hitherto been in use for the demolition of ordinary bridges, &c., on common
roads; and as in these, there is nothing new to the Military Engineer, no
further comment is here called for on this portion of the subject.

Having thus briefly noticed the several ways in which the Railway may
be most readily dismantled, it behoves us to consider the more difficult
work of reconstruction, and in so doing it will be convenient to preserve the
order above adopted, and to suppose that the line has been disabled in one
of the manners already described, by process 1, 2, 3, &c., and to note in
each case the method peculiar to iteelf.

When the keys have been made away with, we should naturally replace
them by new ones; these may be rough pieces of wood, dressed in propor-
tion to the time and means available.

But should it be impossible to make new keys, from want of timber or
any other cause, a sufficient number may be obtained from the entire por-
tion of the line, by abstracting one from the centre of each rail (but not
both from the same sleeper). It would be well as a precaution to wedge
up the rail, where keys were absent, by stones or anything at hand, but this
is not absolutely necessary provided that there are not two comsecutive
keyless chairs.

Of course it will be necessary to limit the speed of passing trains, over
these portions in proportion to the want of perfection in the repair.

Should the line have been dismantled by any other process under the
head A, the mode of reconstruction will be explained for all, if we take the
worst case, in which the whole of the permanent way has disappeared, and
show by what means it may be renewed.

Here we have a break in the Railway where nothing remains but the
formation level and ballast, and it is necessary to construct a way across
this for the passage of trains.

Now, it is very evident that this cannot be done without materials, and
thus assuming that there is no depot within reach, the important question
is, where are they to come from? Doubtless on a double line one track
can be renewed at the expense of the other, and by this means a throngh
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communication made. This will cause little delay to the traffic (unless
the break is several miles long) when the train can be shunted on to its
own line at the point where both are perfect. Bvery train must be brought
to a stand before advancing on the single portion, and not allowed to cross
unless a pilot is on the engine, as is the custom with ordinary passenger,
or other trains when from some cause or other one line has been disabled
and is undergoing repairs.

Bat in the case of a single line, it will be necessary to obtain the required
materials from the most convenient sidings, being careful only to carry
away what is absolutely wanting.

It would save considerable labor if each pair of rails could be trans-
ported with sleepers, chairs and keys, en masse, only unfixing the fishes,
where used; but whether this could be done must depend on the available
power and carriage.

The weight of one set complete, or element (ut ita dicam) would be, ap-
proximately, slightly under two tons (varying with every Railway) which
might be raised, carried for a short distance, and placed in position, by 30
men. When this is done, the ballast must receive an additional amount of
previous care. In all cases the services of the regular plate-layers and
navvies employed on the line should, if possible, be obtained.

R. A 8.
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No. CX.

THE BOMBAY REVENUE SURVEY.

On the Principles and Practice of the Bombay Revemsue Survey, by
Lievur.-CoL. A. Coweer, R.E.

A perIOD of nearly 80 years has elapsed since the Government of Bom-
bay resolved upon instituting a Revenue Survey for the Presidency, and
for this purpose two Engineer Officers, Lieuts. Wingate and Nash, were
selected to conduct the professional part of the survey, which was consi-
dered at first as an experiment ; and Mr. Goldsmid, a civilian, was associated
with them to aid in the Revenue portion. Owing to the decease of Lieut.
"Nash, which occurred some years after his first appointment, the task of
carrying out these surveys devolved upon Lieut. (now Major) Wingate
and Mr. Goldsmid. By the joint labors of these two public officers, the
experiment was brought to a successful issue, and the gradual extension of
the operations over the entire presidency, and the facilities experienced by
the department and its officers generally, may be considered as greatly due
to the talents and influence of Mr. Goldsmid, who was afterwards Secretary
to Government, and was always ready in that important post to aid the
survey with his cordial and hearty support. To Major Wingate is. justly
due the careful elaboration of the original design of the survey, into the
admirable administration which has proved so efficacious for the revival
of agriculture in the Presidency, and the reports submitted by that officer
for the introduction of the revised survey into the different districts, are
amongst the most valuable of the Records of Government, and illustrate
the ability with which the principles of the system have been carried into
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effect. The operations have now extended themselves over nearly the -
whole of the Bombay Presidency, embracing an area as large at least as
Great Britain and Ireland. They form the basis of the Revenue adminis-
tration for the realization of all taxes connected with the land, and these
form by far the most important branch of the Bombay Revenue.

The districts composing the Presidency, consist for the most part of
portions of the great Empire of the Mahrattas, who in their turn had
conquered them from different native rulers. The previous history of
these districts for several centuries had been one of anarchy and mis-rule,
with but very few periods of good and prosperous Government. Under
the most favorable circumstances, a native dynasty is too prone to consult
its own immediate requirements and rarely looks beyond one generation,
and the prosperity produced by any individual ruler who is an exception
to this view, is not fated, in consequence, to be of any long continuance.

A graphic description of the condition of these provinces in the early
part of this century, will be found detailed in the first two volumes of the
Duke of Wellington's Despatches. The great Captain had campaigned
over the entire country from the Tomgabuddra to the Nerbudda river, and
was minutely acquainted with its state. On the 28rd July, 1803, he writes
to the Governor General—* The whole of the Mahratta territory is unset-
tled and in ruins. Holkar's armies consumed the produce of last year, and

_owing to their plunder and extortion, entire districts were depopulated, and
the habitations of the people destroyed. The consequence is that every
man is & plunderer and a thief, and no man who can find anything to seize
or to steal will cultivate the land for his subsistence:” and fourteen years
of Mahratta rule elapsed after this before the introduction of the British
Government.

The bases of the Revenue management in each Province, so far as can
now be ascertained, were probably the Surveys instituted by the more capa-a
ble and enlightened of the native rulers. These embraced an actual mea-
surement and classification of the land, and an assessment fixed with refer-
ence to both; the processes were necessarily of a rough nature, but the
standard of assessment being pitched very low, any inequality in the land-
tax was not severely felt. The scheme of these original surveys varied in
each province; in some the land measure.was the standard or invariable
element ; in others the rate of assessment was constant, and the area of the
land to which it was applied, varied with the class and productions of the
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- soil. With each sucoessive conquest the taxes originally levied on these
settlements were increased, and fresh taxes imposed ; but amongst these
the Mahratta conquest stands out pre-eminent for the number and variety
of the new oesses that their rapacious ingenuity enabled them to impose.
The Mahrattas were our immediate predecessors, and on the establishment
of the British Government, the revenue management of each district was
found to be in a state of confusion; few, if any authentic records being
forthcoming as a guide for our revenue officers to settle the country on.
The land was as & rule greatly over-cessed in the aggregate, and the cha-
racter of the component imposts were in many instances of a most pernicious
nature. Under the whole however was the ryotwar system; the indivi-
dual cnltivator had under all rules been considered as the tenant of the soil,
with Government as the landlord, and could not be ousted from his hold-
ing so0 long as he paid the land and other taxes, which were placed either
upon his entire holding or upon the fields or prodace contained in it.

The onestion therefore of introducing a uniform system of revenue
manage .nt throughout the provinces, where this tenure, the ryotwar,
prevailed, soon became one of paramount necessity in order to equalize and
reduce the taxes on land, and to abolish or absorb those that were of an
objectionable nature.

The efforts that were made by several of our earlier administrators to
afford relief to the exhausted districts under their control by means of
rough surveys, reduction of assessment, and other expedients, were pro-
ductive of great benmefit in their several localities, and pointed the way
towards a more general measure.

The first and main object in setting on foot a ryotwar system of sarvey,
was to determine the size of the plots of ground or fields, to form the
unit or basis of the survey, and on which the cess should be placed. It is
evident that no object can be attained by fixing this area at less than can
be cultivated by ryots of the most limited means. The smallest amount
of stock that can be cultivated with, is one pair of bullocks; with one
bullock only, a ryot cannot cultivate at all, and he must either borrow
another bullock or throw up his land. The minémum area to be measared
separately and to be constituted a “ Number,” as it is called, was fixed
therefore by the mew survey at what two ballocks could plough. In de-
termining the mazimum ares to be measured by the survey and constitated
a separate “ Number,” it is manifest that this must not exceed the means
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of the generality of the ryots to cultivate, so that they may be easily ‘
made the subject of sale and transfer. Cultivators possessing two pairs

of bullocks were found on enquiry to form the most numerous class of
emall farmers, and the mawimum area was consequently fixed at what
four bullocks could plough.

- It was finally determined therefore to fix the size of Revenue ‘Survey
Numbers at from what one pair of bullocks couald plough up to double that

size. On an examination of the internal distribution of the village lands

with a view to adjust them to this size, they were found to consist of
recognized sub-divisions known as thuls, tickas, daghs, &c. These were
generally found to be too large for our purpose, being held for the most
part by several individuals. The external limits of these were usually per-
manent, but the interior limits were constantly changing among the occu-
pants through the operation of sales, transfer, and inheritance, and were
found to be broken up in many instances into very minute portions. For
adapting the above rule for the measurements of these plots o= fields to
¢ Survey Numbers,” it was resolved to interfere as little as pcuuble with
the existing limits of fields or occupancies; and the following rules for the
division of land were finally sanctioned for this purpose :—

1st. The size of Revenue Survey Numbers, will as a rule be from what
a single pair of bullosks can plough up to double this quantity.

2nd. Tracts of land incapable of, or unsuitable for, cultivation, may be
divided into as large portions as may be convenient.

3rd. Land held on different tenures must be measured separately and
pot included on the same Number.

4th. Different kinds of culture—as dry crop, rice, garden, &c., when in
conformity with the usage of the districts—should as far as practicable be
measured into separate Numbers.

5th. Every holding* falling within the limits prescribed by Rule 1,
should be constituted a Sarvey Number.

6th. Every holding in excess of this area, should be divided into two
or more Numbers, so as to bring the area of each within the rule.

Tth. When a holding is of less area than is laid down in Rule 1, and
there are other similar holdings contiguous to it, on the same tenure, so

® By “holding ” is meant any fleld, estate or coparcenery, contained within a continuons line of
beundary end in the possession of one petwon or coparcenery.
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"many of them may be clubbed together as may be requisite to form &
Number, but no more.
" 8th. When aholding of less area than that required by Rule 1, does
not adjoin another similarly circumstanced, it should be made a separate
Number. .
If therefore it be assumed that one pair of bullocks are able to plough

20 acres of light dry crop soil,
15 ” mediam »
12 n heavy )

4 ” rice land »

then the plot of land forming the standard unit or “ Revenue Survey Num-
ber,” would be of a size between this amount and its double. By the
survey operations the lands of a village are thus cut up into plots of
ground of a nearly uniform size; and on the map, the limits of these
are defined by continuous black lines, so that something of a gridiron
appearance is presented, similar to the skeleton triangulation of a trigo-
nometical survey.

In order to preserve these Numbers intact for revenue purposes after
they had been once constituted by the survey, and to prevent their being
split up into portions too minute to afford subsistence to the cultivators,
it was decided, supplementary to Rule 7 above, that when two or more
occupants were included in the same number, and any one of these relin-
quished his share or died without heirs, the portion must be taken up by
one of the other cultivators; or failing that, by some one else. In the
event of there being no one ready to cultivate the waste portion, the whole
Number must be relinquished. All sales, transfers, &c., of Government
land, were directed to be of portions recognized in the Revenue records,
which would as a rule be whole Survey Numbers. In agreeing to cultivate
waste land, the ryots are required also to take up entire numbers,
excepting where the annual assessment exceeds Rs. 20, when the names of
two ryots are permitted to be entered.

These arrangements effectually secured the internal integrity of each
Survey Number; and the next question that presented itself was—How
to ensure the preservation of their external limits or boundaries? Without
some external marks easily recognized and of a permanent character, these
Numbers would not retain their original form, and after the lapse of a
few years the areas would have so altered as to render the assessment un-
equal and perhaps render a fresh measurement necessary. A continuous

R4
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ridge or mound of earth encompassing the entire number, is doubtless the
best boundary, but it would be too expensive in practice, and a system of
detached earthen mounds, two at each of the four corners of the number
and one at convenient intervals, say every ten chains along the sides, with
stones sunk at the bends, was found on trial to be a sufficient demarcation
of the limits of numbers, and this is therefore the system which has been
adopted throughout the Bombay Presidency.

All disputes about tenures, occupancy, limits of fields, and other purely
Revenue matters, have to be adjusted by the Civil Authorities, whose aid
is called in when requisite for that purpose, either by the measurer or by
the European Assistant himself. But when these disputes occur between
villages concerning their mutual boundaries, they will be found sometimes
very troublesome to adjust, more especially when the rights of alienees are
affected. Many of these disputes are of long standing, some even tracing so
far back as hundreds of years, and concern large tracts of land ; several will
be found to have been the scene of faction fights, and even in some instances,
to have been attended with bloodshed. The existence of these disputes in
any number, if not settled at the time of the survey, delays the completion
of the records of the villages that are affected by the dispute, and their
classification and settlement has to be put off till these can be finished.
The Survey operations may in this manner be seriously compromised unless
early attention be given to these disputes; and when once settled, no time
has to be lost in erecting the boundary marks to prevent their being
re-opened.

In the actual settlement of these disputes, the Assistant will soon find
that an accurate map of the land in question is an indispensable pre-
liminary to an investigation of the villagers’ claims. The disputed land
therefore should be surveyed in presence of both parties, and all topogra-
phical features and permanent marks noted, such as water-sheds, nullahs,
cartroads, and also temples, tanks, wells, fruit trees, trijunction stones or
pillars, cultivated land, &c. This latter class of objects is very useful in
establishing the right of usufruct or occupancy, and a search amongst the
records produced by the villagers will generally confirm the possession to
one of the parties. The dispute may thus be generally narrowed to merely
the waste land ; and failing proof of this, it may be divided into equal parts
between the villages, or else some permanent natural boundary, such as a
water-course, water-shed, or cartroad, if conveniently located, may be fixed
upon as the mutual limit. Disputes between Government villages can be

VOL. 1II 20
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decided by the Survey Assistant without much trouble ; but when one of -
the parties is an alienee, it is advisable to take his written agreement to

constitute the Assistant the umpire in the dispute, and to abide by his de-

cision without appeal.

To prevent any after misunderstanding, the exact line of boundary, as
finally agreed on, should be traversed in, and permanently marked off by
means of masonry pillars. These should be of the same size, and at as
long distances apart, as is compatible with being well in sight, the one
from the other; all intervening bends and earthern marks being fixed by
means of off-sets taken with the cross-staff. These distances are marked in
figures on the map, which is made up in duplicate, and signed on oath as
correct by the professional measurer; the duplicates are countersigned by
the Assistant, and the alienee or his accredited agent, and one copy is
retained by each party. It is then nearly impossible that these disputes
can be re-opened, and the exact boundary fixed by the Survey can always
at any future time be recovered. ,

The above gives a brief description of the principles on which the
Measuring branch of a Survey is conducted. In the actual field operations
the European Assistant has usually some twenty Measurers, and three
learners of measuring, under him. His duties are to supervise and test
the work of these men, he making no original surveys himself. It is usual
to give the entire of one talooka or makal to one establishment, and on
receipt of the list of villages therein, at the close of the monsoon, the
Assistant appoints measurers to contiguous villages at one end or corner of
the district allotted him; and as these are finished, moves on the men
gradually towards the other or opposite corner, by surveying the villages
en route in succession ; and by this arrangement, the Assistant can always,
without shifting his camp often, be within easy reach of his measurers, and
able to pay them those sudden and unexpected visits so necessary to the
preseryation of the discipline and efficiency of a native establishment. As
a general rule, the best measurers should be appointed to the largest
villages or towns, more especially those which have much garden or rice
land, and so down by gradation; the fresh hands being put to the smallest
villages of 8 and 400 acres. It is not advisable to appoint more than one
measarer to one village, as if two or three measurers be appointed, the daily
duty of attending the measurers in the field, dragging the chain, holding
bandrols, erecting boundary marks, &c., would be too onerous for the
village officers and inhabitants. If, however, under any peculiar circum-
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stances it becomes necessary to appoint two measurers to a village, it
should be divided into two portions, having a road or large nullah as the
boundary ; this should be carefully traversed in with a theodolite, and the
same tracing being given to both, the work of the two is kept perfectly
distinct, and the maps made up by the two measurers can be easily joined
together. Villages are rarely of such size that they cannot be done single
handed by one good measurer in a season, and it is better to appoint
trustworthy measurers to the larger villages at the commencement of the
working season, even if they are at some distance from the Assistant's
camp, rather than wait until the work has arrived in their vicinity, and
there appoint two or three measurets thereto.

Thbe survey made by the European Assistant is as above stated, not an
original survey, but a test of the Measurers work, and is of the ntmost im-
portance; as from its agreement or otherwise within a certain small percen-
tage of the work of the measurer, the entire measurements of the latter
are either accepted or rejected. This test should be constant and recur-
ring ; and, if the measurers have been appointed to villages in a proper
manner, the Assistant’s camp can be pitched at some village centrically
situated with reference to these, and no difficulty will be experienced in
taking a proper number of tests of any village that may be finished during
the season. After some amount of practice, when the Assistant can plot
his work with a considerable amount of accuracy, he should not allow the
measurer to exceed 1 per cent. in error in all numbers above six acres, if
not' w & very irregular figure; 2 per cent. may be allowed if under six
acres; but an error of 3 per cent. ought never to occur, except in very
small garden or rice Numbers.

The only part of the measuring operations remaining to be noticed, are
the arrangements of the native measurer. The chain with which the
areas of numbers are ascertained is 33 feet in length, exactly half the
length of Gunter’s chain, and is divided into 16 links, called annas, of 2 feet
3 inch each. Forty of these square chains make an acre, and & square
chain is equal to 4 poles, or A;th of an acre, and is called a “ goonta,” the
areas being calculated in acres and * goontas.” The measurer is provided
with a wooden staft or gauge 8 feet 3 inches in length, for the purpose of
constantly testing his chain; he is-supplied also with a pair of compasses
and a diagonal scale showing chains and annas. His map is constructed
to a scale of 8 or 16 inches to the mile, according to the average size of
the Burvey Numbers, whether large or small.
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In the example herewith given of a measurer's map, is shown the method
of the division of land into Revenue Survey Numbers, the method of setting
up the boundary marks in the field, and the plotting of the map itself on
the base lines. This latter should invariably be effected by the principle
of the triangle and not the right angle, for which the measurer is supplied
with no instruments. The areas in the measurer’s map are intended merely
as a guide for the terminating points of other lines, and should be described
faintly with the steel compasses. The diagonal with off-sets, is as a rule, the
system adopted in the field measurement. The measurer devotes one day
every week or every fortnight to an inspection of boundary marks, and sees
to the payment of the laborers who have erected them.

After the measurers have obtained some experience in mapping, there
is found to be no difficulty in piecing together these Survey Numbers,
one next another, so as to form an entire map of a village. A great
assistance is however given to the correct protraction of the map, by
means of lines ranged from one boundary of the village to the opposite
one, and all the first Survey Numbers are measured along this; in mea-
suring the subsequent ones, it is as well to return to the base line num-
bers, every now and then, so as to keep up a constant check on the
accuracy of the protraction. For a village of 1000 acres, one base line
will be found to be sufficient, if properly selected in a locality free from
jungle and other obstacles, and two base lines will be enough for a village
up to 2,000 acres. These base lines are connected with one another by
means of a triangle, as shown in the example: they should rever depend
upon a right angle taken with the cross-staff for their relative positions.

These maps are now protracted by the measurers with sufficient accu-
racy to be pieced together, and form talook maps for revenue and topogra-
phical purposes.

All the Measurer’s observations in the field are finally entered and ab-
stracted into his fair field-book.  These books are lithographed and
supplied to the measurers, by which means a great deal of their valuable
time is saved. It is calculated that the cost to the state of each working
day of a good measurer in the fair season, is from Rs. 4 to 5, and it is’
a judicious economy to give him every assistance possible, so as to enable
his time to be entirely devoted to his measurements in the field, and book
work at his lodgings. .

All the work that has been done in the fair season, has to be revised in
the rains; the corrected results are tabulated in convenient forms, and
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two fair copies made of the village maps for the Classing Department,
which is the next operation of the survey. It becomes nearly impossible
to pursue field operations after the first fall of rain in June, and all the
establishment return to head-quarters by the 15th of that month. Asa
rule those villages that have been measured by the worst measurers should
be checked by the best. One of the most important of these operations,
and the most troublesome, is the multiplication of the lengths and breadths
of the internal figures, triangles and trapezoids, into which each survey
number has been broken up by the chaining operations of the measurer.
This used formerly to be done by actual calculation, but the product is now
obtained from multiplication tables made up as far as 40 chains by 40 chains,
and lithographed for the purpose. These tables were for a long time a
great desideratum on the surveys, and their introduction.has effected as
much good on the Bombay side as Boileau’s Traverse Tables did in Bengal
and the North Western Provinces, for the traverse system of survey in force
there. One-quarter of a leaf of these tables is shown here, embracing
the multiplication of all intermediate quantities from 28 to 29 chains by
86 to 37 chains. If, for example, we want the multiplication of 28
cbains 13 annas by 36 chains 11 annas, the result 1057-0-15 is obtained
at once from the tables without the trouble of working out a long sum in
duodecimals.

When these tables were being lithographed, the proof sheets were care-~
fully tested and collated with a copy of the tables made up by hand, and
after being struck off, a trifling reward was offered to any one who would
discover errors in the results. They may be considered now as arithmeti-
cally accurate. These tables, together with the assessment tables, which
will be described afterwards, have so greatly facilitated the very onerous
calculations that had formerly to be done by hand, that a considerably
greater amount of work can now be got through by the men in the fair
season, as they finish their work earlier in the monsoon, 8o as to enable
them to pass a longer time in the district.

By the use of these tables each measurer is able to work much more ac-
curately, and the value of the bad computers is raised to nearly a level with
that of the good. As an additional precaution against error, the entire
area of each number is tested by means of the tale square on the map, 80
that it is next to impossible that any serious error in area can remain
undetected. All these processes gone through in the rains, are tested to
the extent of 10 per cent. by the Assistant himself, and the registors and
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documents embodying the results are sent at the close of the recess to the
Superintendent’s office for distribution to the Classing branch, in which the
relative value of the soil and water in each of these Survey Numbers has
then to be determined.

All the records of the survey are kept in the vernacular language of the
province in which the operations are progressing. The notation is the
same as the European or the Arabic system; and the finished digits or
numerals should preferably be used, and not the original traces or strokes,
which represented numbers in the first instance, and from which the pre-
sent digits have been formed.

MAHRATTA. 1 2
8trokes or traces, - =

Finished digitsy, ¢ R 3 8 4 € © t© ¢

I ¢
o

\

]

n

-

=

|

The construction of the first three numerals from the original strokes, is
readily understood, but the process of transition in the remaining numbers,
four to nine, is not so clear; but if theoriginal strokes be written with
rapidity, a character will be produced closely corresponding with the form
of the finished digit.

Natives are very prone to employ these original strokes, and more espe-
cially to represent fractions and subordinate denominations by these signs,
but they can be so easily altered, by adding fresh strokes, that a great
facility is given by their use to the falsification of the records, and their
employment should consequently be interdicted. To illustrate this point,
of we take the number 5, as formed by one perpendicular and one horizon-
tal stroke, it is evident that by adding one or more strokes of one or both
these sorts, it can be altered without fear of detection into any other
number whatever, except exact multiples of 4. The completed numeral
should therefore be used throughout all the survey operations, as not being
capable of easy alteration, and readily detected if tampered with.

The Classification should now be considered; and it is found that the
chief circumstances affecting the value of land within the limits of the
same village are—natural productive capability—distance from site of vil-
lage, as affecting facilities for cultivation and manuring—and, in the case of
garden or rice land, the supply of water for irrigation. If rules cannot be
laid down for all these points with arithmetical accuracy, still as near an
approach as possible should be made thereto, as our results will then be
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more uniform; the application of a rigid European test, similar to that in
the measuring branch, can be enforced, and as little as possible will be left
to the individual judgment of the classer, and this last point is one of great
importance where a trustworthy agency cannot be procured.

In determining the elements which make up the first of the above, the
productive capability of the soil, there were found to be three distinct or-
ders of soil, of different degrees of fertility, which may be called from
their color, black, brown and yellow, or gravelly, respectively. The rela-
tive value of these soils among themselves may be considered as in a great
degree proportional to their depth, as on that depends their value for
agricalturak purposes, by enabling them to'imbibe and retain moistare,
which is the great element of fertility in India. By means of these con-
siderations, we obtain an outline of a scale by which to gauge these soils
among themselves; and in order to be able to draw up rules embodying
these principles, we find that a depth of 1§ cubits, say 2 feet 7 inches
- English measure, is ample to enable soil to retain the necessary amount
of moisture, and that any greater depth is not attended with any increase
of water-carrying capability. Yellow earth is but rarely found of a greater
depth than one cubit, and from its more porous nature, in comparison with
black and brown soils, that depth is found to retain water as well as any
greater depth. Assuming therefore our maximun standard as 16 annas
or 1 rupee for pure black soil of depth, the soils of inferior value to this
will range themselves in order as in the following table :—

BOILS.
1st order. | 2nd order. I 2rd order.
Relative value of
Class. class in Of uniform but
l&hld?:uw Of a fine uniform | coarser texture than | Of coarse

orloocetrlmehx

texture, in | the preceding, and ~

mmm lighter also in color, |%0X%; and eolor vary.

to dark brown. whichl:‘rlunuy ing from light brown
to

Depth in cubits, | Depthinocubita, | Depth in cubits.

1 16 1
2 14 1} 13
8 12 1} 14
4 10 1 1}
5 8 1 1
6 6 3 3 1
7 4} | t 5
8 8 H i
9 3 3
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By the above table we are enabled then to determine the relative values
of these soils amongst themselves ; but in addition to the color and depth
of the soil, there are also other elements affecting its productive capability ;
in almost all soils there is present a mixture of deteriorating ingredients,
or circumstances which tend to diminish its crop bearing powers. Those
of the most ordinary occurrence are distingushed by the following conven-
tional marks in the classers’ field-books, as being convenient for notation—

.*. Denotes a mixture of minate fragments or nodules of limestone, “ choon
kud."
V' Denotes a mixture of sand, called “ walsur.”
| ” sloping surface, “ ooturwut.”
X o, want of cohesion amongst the constituent particles of the soil,

*“ reswut.” ¢
A Denotes a peculiar mixtare more or less impervious to water, “ku-
n“l."

—~—~r

» liability to be swept over by running water, * doopun.”
(u] » an excess of moisture from surface springs, “ oopulwut.”
> o a mixture of large nodules of limestone, * gochur.”

The elements which are to be taken into consideration, therefore, in
determining the value of dry crop land, are color, depth, and the presence
or otherwise, of deteriorating ingredients or circumstances, which are
technically called “ faults " in the department. One such fault lowers a soil
in which it is found one class in the above table, two lower it two classes,
and so on, as shown in the following example. In effecting the classifi-
cation of a field, the classer with the aid of the village map, enters an
outline of its shape in his field-book, which he divides by intersecting
lines into a number of equal compartments, sufficiently numerous to give a
fair average valuation of the soil by an examination of the depth and
quality in each compartment. These particulars and the class in which
the soil falls, are noted within each compartment.

NorTa.
7 4 ..,{./tw 3 1 2 ]
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k3 1 1 1 |
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The figtre in the left hand lower corner of each square indicates ¢he depth
of the soil, and the number of dots under it, the order of soil to which
it belongs; one dot signifying the 1st; two the 2nd; and three the 8rds
order. The conventional marks in the right hand upper corner show the
faults, each of which degrades the soil one class ; from the order of soil, the
depth, and the faults, is determined the class of relative value to which the
compartment belongs, as indicated by the figure in the left hand upper
corner. To take the instance of the lower compartment on the right of
the field, the depth is entered at 13 cubits, and the soil is of the first order,
a8 shown by the single dot immediately below. This order and depth
indicate the first class of relative value, but the presence of two faults (a
mixture of sand and a sloping surface) indicated by the signs \/1, requires
the soil to be entered in the third class, as denoted by the figure 8, in the
upper left hand corner of the compartment. It will also be seen from the
example, that the same fault is sometimes entered twice in one particular
compartment, which means that it exists in so great a degree as to re-
quire the value to be lowered two classes in consequence. In the right
hand upper compartment also, it will be observed that two faults (limestone
and sand) are bracketted together, by which is indicated that there is about

" half a fault of each and that the two together make up one full fault and
lower the soil one class. The size of the compartments into which the
number is divided varies with the area, and the uniformity or otherwise of
the soil. In large numbers with a uniform soil, each compartment may be
about two acres, but with smaller numbers, one acre or even less, if the soil
vary, would be a proper size. The field operation is performed by digging
a hole in the centre of each compartment, and gauging the depth of soil
with an iron bar marked with cubits : - the color of the soil and the faults

" are ascertained from an inspection of a clod of earth, taken up in the

hand.

The Classer next proceeds to strike an average for the entire number
from the value of these compartments, which is done in the following
manner :—An abstract is ‘entered in the book showing the number of com-
partments of each class, together with their aggregate value in annas,
taken from the table ; and the sum of these annas divided by the number
of compartments, gives the average value of the number. The average
value for the above example would be entered as follows :—

VOL. III. 2p
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Class. cﬁmu. shantn‘[':\mr:t{m

1 1 16
2 1 14
3 ] 36
4 2 20
5 1 ]
6 1 a
7 1 4

Total, .. 10 ;’ 104}

The classer also enters in his book all extrinsic circumstances affecting
the value of the field, such as distance from drinking water, both for men
and cattle, number and kind of fruit trees, &c. These books are also fur-
nished ready lithographed to the classer similarly as to the measurers ; and
by saving him a considerable amount of hand copying, enable him to pass
a greater portion of his time in the field. The comparison and testing of
the numbers is also greatly facilitated by having each number with all its
details on a separate page.

The actual determination of the quantity of deteriorating ingredients
necessary to constitute a fault, by which the value of the land is reduced two
annas in one rupee, or 12§ per cent., can only be correctly arrived at by con-
stant practice whereby the judgment is fully confirmed. As the percentage
of reduction is assumed as the invariable element, being always 12} per
cent., it requires a nice judigment to determine the exact amount of each
ingredient or fault necessary to diminish the fertility of the land to that
precise extent. It is a most difficult matter to establish & uniform stand-
ard of judgment on these points among the classers; but it is of such
importance that it should be always kept in view. As an aid to its attain-
ment, at the commencement of the working season, the Assistant assem-

“ bles all the classers of his establishment at some village where a great
variety of soils and cultivation obtains, and accompanies them regularly
every day in. the field for about ten days, until they are able to classify
with precision and consistency. 'Where 8o much depends on the indivi-
dual classer, in spite of all the rules we can lay down, it is evident that
the older a classer is, the less liable he will be to err in his judgment; as
a rule, we should guard against the employment of men too young for
this branch. Amongst the most effective classers in an establishment,

—t
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will be found those who have worked for some years as measurers; they
learn the work quickly, their previous training and knowledge enable
them to class independently after a comparatively short time of instruction,
and they can bring forward the faults of the measurer whose work they
may be classing, and thereby provide an additional check on the accuracy
of that branch of the operations.

The soils classed by the European Assistant are considered as a test of
the classers’ work, similarly to the system which obtains in the measuring
department. He is, however, at a disadvantage in comparison with an
Assistant in charge of a measuring establishment, inasmuch as he has no
means of lightening or shortening the test labor, in any way commensu-
rate with that effected by means of the theodolite for the former officer.
It is evident from this that he must have fewer classers under him, or else
that a less percentage of test must be taken; and as this latter would be
objectionable, from 5 to 10 per cent. of test being considered indispensable
to induce reliance on the whole work, the other expedient is adopted of
decreasing the number of men; and from twelve to fifteen classers is placed
under him as being the most that an Assistant can properly supervise.

‘When land is found to be in possession of the means of Irrigation, the
propriety or otherwise of imposing an extra assessment on account of the
increased productiveness of the land, ought to be determined by & consi-
deration, whether the irrigational work which farnishes the supply has
been built and kept in repair by Government, or.is the product of private
enterprise. Almost all tanks and anicuts, or bundharas, have been con-
structed by the State, and kept in repair by the present Government, and
the imposition of an extra assessment cannot in any way prevent the con-
struction of new ones, as these works are in fact beyond the means of
individuals to execute. Wells, on the contrary, when intended for irriga-
tional purposes, are almost always the result of private enterprise; bat
they are not exempted for that reason, inasmuch as some extra assess-
ment has always been levied on them, and it has not been considered
advisable to sacrifice a source of revenue of considerable amount in the
aggregate, on account of the somewhat theoretical objection which exists to
an enhancement of taxation on land thus irrigated, as having a tendency
to discourage the digging of new wells.

The classification of water privileges where irrigated crops are grown,
is a difficult and complicated subject, and presented for a long time
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considerable obstacles to the formation of detailed rules for the purpose;
this has been at last effected, but there are still some points on which
the opinions of the most experienced officers differ. The operations re-
quire experience and judgment, and the superior classers are employed on
these duties, as involving more responsibility than merely dry crop classi-
fication.

‘Where land is irrigated from tanks or dams, the duty of distributing
the water is usually entrusted to a person called the “ Putkurres,” who
enjoys some enam land for this purpose. The interests involved are not
generally of any very extensive nature, the quantity of land irrigated from.
one of these works but rarely exceeding 50 or 100 acres, and the distri-
buting channels are not provided with meters or gauges. A great facility
under these circumstances, is given to the cultivators to obtain water sur-
reptitiously, either by collusion with the putkurree, or by cutting the canal,
which can be readily done at night. Those more wealthy and influential,
in these and other ways, generally obtain more water than their due, to the
detriment of their less fortunate neighbours, and are thereby enabled to
raise superior garden produce which requires much water. Those reve-
nue officers who are rather inclined to accept this state of affairs as un-
avoidable, as having its origin in human nature, and being incapable of
amendment, propose to assess the crops grown rather than the land ; and,
by placing a rate upon the crops proportional to the amount of water
that each consumes (those that require abundant waterings, as for instance
sugar-cane, being placed highest, and thence downwards in gradations) ;
they argue that the amount of water each individual has taken can be ascer-
tained from the measurement of its resulting crop, and the assessment he
ought to pay is at once found by multiplying the area by the modalus, or
rate fixed for the particular crop grown; and there can be no doubt but
that if .the rate for each distinct crop be properly fixed by those well ac-
quainted with garden cultivation, the result attained by this system will
give a close approximation to the true assessment that each ought to pay.
The objections to the system are, that it requires an annual inspection and
measurement of crops, and that the amount each cultivator pays, fluctnates
from year to year, and the system is hardly applicable to irrigation on an
extended scale. This method of assessment is called the tinnuswar, and
although very ingenious, is more perhaps suited to native ideas than to
ours, Those who oppose this system would wish to see the water-rate
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paid by each cultivator, fixed at an invariable amount on the area irrigated,
which would be proportional to the water he ought to get, or was supposed
to get, from the canal. Nothing could be fairer than this, and more
consonant with European ideas, if it could only be carried out ; but in prac-
tice, it is found that if the water-rates be permanently fixed, the system
then possesses no power to meet and control those irregularities in the
distribution of water, for which the tinnuswar or crop system, provides so
excellent a check ; and in consequence, the cultivation of sugar-cane and
other water-consuming crops, is fostered on the lands of certain influential
cultivators, and the result is that those whose water has been unduly
appropriated, throw up their claim thereto and obtain a remission of
assessment, so that the area under water-produce gradually contracts, the
revenue declines, and a few cultivators make handsome profits.

The chief elements that form the value of a water supply from an artifi-
cial canal are quantity, quality, and the position of the ground, whether
low-lying or elevated, as enabling the soil to retain moisture longer. The-
soil itself is classed very much according to the system laid down for dry
crops; with this difference, that the water being supplied artificially, the
depth of the soil does not increase its value to the same extent as in the
case of dry cultivation, nor do the presence of faults or deteriorating ingre-
dients decrease its value in the same proportion.

The quality of the water supply is soon ascertained by local enquiries,
and from the natare of the crops grown. The quantity is determined by
the abundance of the supply and the number of months for which it lasts.
The following six classes are sufficient in practice to embrace all qualities
of water supply from a canal, from the very best of that sort down to that
obtained from the rain-fall alone.

Class 1. Where the supply is obtained from a good tank or river, in
which the water lasts till the end of March or April, and the land
lies sufficiently low to permit of the better kinds of sugar-cane
being grown every second or third year.

Class 2. BSimilar to the above, but the land being somewhat more ele-
vated, only the inferior kinds of sugar-cane can be grown.

Class 8. When sugar-cane can only be grown should the rains prove
very favorable; and this may be the case when the supply of water
is the same as class 2, but with the land still more elevated ; or,
secondly, when the soil is not elevated, but the supply of water
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fails after the end of December or January; or, lastly, when there
is no artificial irrigation, but the land is in a very low situation.

Class 4. 'When the soil is irrigated from an artificial canal, but is in too

elevated a position to produce sugar-cane, but possesses sufficient
moistare to admit of a rice and an after green crop; or if the
after green crop cannot be grown, the moisture shounld be sufficient
to produce an excellent rice crop ; or when the land is not irrigated
but is sufficiently low-lying to produce the above crops.

Class 5. The same as the above, only no after crop can be raised.

Class 6. When the land is not supplied artificially, bat only by rain,

and is in an elevated situation.

The supply of water to both rice and garden land is classed according to
the above rules, but the 6th class is evidently not applicable to garden
cultivation.

In classing the water obtained from Wells, the value depends upon the
quality, whether sweet or brackish, the quantity or the number and size
of the springs, and the expense of drawing it, which increases with the
depth ; also, whether there is sufficient land under the well to allow of a
rotation of dry and wet cropping. All these points are noted by the
classer, as well as all collateral points necessary to enable a judgment to be
arrived at concerning the area the well is capable of irrigating, such as the
number of water bags used, length and breadth of the surface of the water,
depth of water in the well, and number of hours it can be drawn, especially
in the hot weather.

It is as well here to notice the manner in which the assessment is levied
eventually on this kind of land, before quitting the subject. It has always
been considered good policy to encourage irrigated cultivation by impos-
ing a low assessment, so that the profits upon the capital employed may be
greater than is realized on that engaged in dry crop cultivation; so that
the cultivators may acquire substance, and other agriculturists may be
thereby stimulated.to engage in this superior kind of culture. This was
not the policy of native rulers, and our enquiries into the former condition
of this class of men elicited the fact that, owing to an excessive assessment,
they were little if at all better off in their circumstances than other agri-
culturists. In some extreme cases the assessment was found to be Rs.
40 per acre, and the proprietors were in consequence nearly ruined. The
rates of the existing assessment, and the condition of the cultivators, as
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well as other considerations, enable the settlement officer to judge of
the extent of reduction necessary, and he accordingly fixes the maximum
rate to be levied on canal or well irrigation; the rates for the lower
classes can then be easily adjusted.

The Area and Class of the Soil and Water of each survey number have
now been determined, and there remains to be shown how the Assessment
is to be imposed on each. It has been found by experience, that on an
average about one talook, or at the most two, can be conveniently settled
by a Superintendent of survey, in each year, without prejudice to his other
duties of check and control.

The strength of a survey is fixed at six measuring and two classing
establishments, which are sufficient to finish this amount of work annually
for the Superintendent's settlement. The revised assessment is introduced
into entire talookas each year; as the records and revenue management of
these, being perfectly distinct from the other districts, afford readier data
to work with than would be the case if portions or fractions of these dis-
tricts were dealt with separately. The first question then for considera-
tion is the extent of territory within these districts, for which a uniform
standard of assessment is applicable. Many portions of a district are natur-
ally far more favorably situated than others, and these advantages consist
for the most part of a superiority of climate, proximity to markets and
outlets for produce. These are considerations of a permanent nature, and
on which an enhanced assessment may be properly levied by Government;
all other differences between districts caused by greater agricultural skill
and increased capital of the cultivators should not be taken into account in
determining the absolute assessment, being not of a permanent character,
and as such a system would act as a tax on intelligence and progress, and
have a tendency to produce a slovenly and unremunerative style of hus-
bandry.

The district to be assessed is therefore divided up into such distinet
portions or groups of villages, as on enquiry are found to be well defined
from each other by strong natural differences of climates; and a different
rate of assessment is imposed upon each proportioned to its ability to
liquidate it. These natural differences are hardly ever found to be so
numerous and varied in a talook of moderate size, say of 100 villages
or 80, as to demand division into more than three or four of these groups or
classes, and these distinctions are rarely so strongly marked as to need the
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difference of absolute assessment between each of these groups to be more
than 20 or 25 per cent.

It only remains now to fix the absolute amount of assessment which it
may be considered advisable to levy from the entire district about to be
settled, as when once this is determined, the ratio in which the relative
values of the numbers, as obtained from a multiplication of the classifica-
tion by the acreage, is to be enhanced, will be the quotient obtained by
dividing the former by the sum of these latter. This will give a mean
ratio, and if the enhancement of some villages above this ratio, be counter-
balanced by others being at a less ratio, the result will be the aggregate
. assessment required. The more usual method, however, is to effect the

object by a kind of trial and error; by a consideration of the assessment
of surrounding districts, and other matters, rates are fixed on the groups
of villages, and the result of the assessment produced by multiplying by
these rates and adding the totals together, is compared with the amount
that is desired to be imposed, and then slightly re-adjusting these rates
again, until the required result is obtained.

It is & very complicated question to determine what can safely be taken
by the State, and still leave a sufficient surplus with the ryot to render
him capable of improving his circumstances and extending his cultivation ;
and it is one which probably admits of no exact solution. Any one who
attempts to ascertain with minuteness from the cultivators, the amount
of their expenses for the cultivation of any given area and the value of
the crops grown thereon, so as to be enabled to judge of the amount of as-
sessment that can safely be levied, will find them unable to supply him with
any trustworthy data. Instead, therefore, of attempting the solution by
direct means, a method quite as efficacious for the attainment of the pur-

" pose in view can be obtained in an indirect manner, by enquiring into the
past revenue management of the district and the relative amount and
effect of the collections of each year. The cultivator has no other way
of employing his spare capital than by an improvement or increase of his
holding, and in those years in which the collections have been moderate,
the cultivation may be reasonably expected to have increased during the
succeeding year, This effect would also be produced by favorable seasons,
by a sudden extension of the export trade and other causes; and, on

" the other hand, a decrease in cultivation may have been caused by a

drought or famine or by a contraction of the export trade. In fixing
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upon those years when cultivation was extending itself, in order to
ascertain the origin or causes of this prosperity, it must clearly be as-
certained that the increase of cultivation has been due to the lowness
of the preceding collections, and not to other extraneous causes, and we
may then rest assured that the agriculture of the country would continue
to advance in progperity if the State demand were lowered to this amount.
The cultivator would then be in a condition to meet the full Government
assessment, and to make yearly improvements or additions with the sur-
plus left him. Under the old system, the assessment on the land has
been so heavy, that it could only be discharged in years of exceptional
prosperity, and any little surplus left with the cultivatars in any one
year was eventually screwed out of them in succeeding years, and culti-
vation again declined.

The information collected on the subject of past revenue settlements
should enable us to trace with facility the mutual influence on each other
of the assessment collections, and area in cultivation, and it will be found
to be very difficult to obtain a clear conception of the subject from figured
statements, however elaborate these may be. It can be done best by means
of diagrams constructed so as to exhibit in contiguous columns by linear
proportions, the amount and fluctuations of the assessment, collections,
and cultivations for each of the years to which they relate. The specimen
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Average of 5 years ending
1833-834, ... ... ... 63,280 | 1,608 | 10,707 | 75,495 | 1,15,000| 39,65

Average of last 12 years,...| 76,188 | 2,158 | 10,707 | 89,053 | 1,15,00¢| 25,947
Last year, 1845-46,  ...| 71,820 | 4,988 | 10,131 | 86,989 | 1,15,00c| 28,061

herewith given, with the necessary explanation and the figured abstract,
was drawn up by Major Wingate, when submitting his proposals for the
revision of the assessment in the Bunkapoor Talooka, in the Dharwar
collectorate in the year 1846, and will serve to explain the method of draw-
ing up these synopses of the past revenue history of a district. Similar
disgrams accompany all settlement reports submitted by the Superinten-
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dents of Surveys for the introduction of the revised assessment into new
districts ; they refer only to villages under direct Government control, and
the items of information are alike for each year, and bear reference to the
same villages.

The main object of the survey is to afford relief to the cultivators of
Government land, but the operations are extended over all alienated
land included within the limits of villages under direct control. No reduc-
tions are made in the cesses levied on alienated land, but when it is found
that these are in excess of the Government demand, the surplus is remit-
ted to the alienee, and the land entered in the records as Government.
There are numerous items of land revenue and * hucks,” or dues to village
officers and others, which are consequently excluded from the diagram,
and these have to be separately noted and taken into account in order to
complete the entire revenue record for the year in which the revised rates
are introduced. .

In the diagram above alluded to, Major Wingate selected the years
1829-30 to 1833-84, both inclusive, as showing the amounts of collection
under which cultivation had been steadily progressing, and as furnishing us
in consequence with the data necessary to settle on. It will be as well to
show at this place how the final result is arrived at from the original
observations in the field of the measurers and classers, by means of an
example, so as to complete our view of the subject. Let the area of the
“ Number” be 27 acres 33 goontas, the classification 15 annas and 1 pie
at a distance from the village site requiring a reduction of 2 annas, and
that it be one of a group of which the maximum rate is Rs. 2-4 for dry
crop. The classification reduced by 2 annas for distance from villages
becomes 18 annas and this multiplied by Rs. 2-4, gives Rs. 1-18-5, which
is considered as Rs. 1-18-6, it not being necessary to have any rates of
less than half an anna. The product of this rate by 27 acres 33 goontas,
is obtained from the assessment tables, of which a quarter of a sheet is
here shown, and the result Rs. 51-4-10 is the assessment required.

It has been already stated that all imposts of a pernicious nature were
abolished and others absorbed into the new assessment. And an example of
each of these processes will serve to show what has been accomplished in
each case, and the amount of benefit that has been conferred. A striking
example of an impost at once hurtful to the cultivators, and through them

- to the State, is furnished by the tax that used to be levied on fruit trees.
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The usual practice’ was to sell the produce of all such trees that stood on
Government land to the highest bidder, whoever he might be, and in the
event of the occupant himself not outbidding everybody else, the pur-
chaser of the usufruct of such trees would have a right of way across his
land, and of placing watchmen there to guard the fruit; this would be to
the manifest detriment of both parties, the cultivator and the purchaser.
The worst effect, however, of this impost was that no one was ready to
plant trees, as the proprietorship was not guaranteed to them. Many
talookas admirably adapted from the nature of their soil, for bearing
mango, jack, tamarind, and other frait trees, were found to be almost
devoid of these valuable products, owing chiefly to the operation of this tax ;
and, after its abolition, the usufruct being guaranteed under the new rules -
to the occupant of the land, a great extension to planting was given, and
numerous fine groves, chiefly in the neighbourhood of towns, have sprung
up since then, while the planting of timber trees on the boundaries of
numbers has been engaged in with spirit by the occupants. The attention
of Government having been once turned to this subject, it was resolved
with praiseworthy liberality, to encourage the production of these ornamental
and useful adjuncts to the lands of villages, by permitting the assignment
of a percentage of the land, in enam or rent free, to whomsoever would
undertake to plant groves of valuable trees thereon, and the self-interest and
pride of the villagers are alike engaged in forwarding these plantations.
The produce of fruit trees standing in Government waste is still sold an-
nually to the highest bidder, but the proprietory right in them, in addition
to the occupancy of the number in which they stand, is purchaseable out-
right, once for all, at any one of these auction sales.

An illustration of taxes not perhaps of a pernicious nature in them-
selves, which have been absorbed in the land-tax, is afforded by the
gheep and grazing tax. The former of these was levied on every hundred
sheep, and has now been absorbed in the higher price which is obtained
for the grazing of the waste lands, which, under the new rules, are sold
annually to the highest bidder. The grazing farms are being gradually
absorbed with the extension of cultivation, but so long as any waste re-
mains in a district, it is let out annually, number by number, in the
manner above indicated. In addition to these there were numerous
‘“hucks,” or dues levied in kind by different officials; these have been
all abolished and compensation awarded by Government, whenever they
are equitably entitled to it, to the recipients.
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In all the districts that have been settled for many years, the revenue
has been found to have recovered itself from the extensive reductions made
at the time of the introduction of the Survey rates. Its success has been
more marked in those districts where there was great scope for the ex-
tension of cultivation; and it may be said that wherever large quantities
of land are out of cultivation, the fact may be accepted as an indication
that the assessment is too high, and that the revised rates should rather
err on the side of liberality than the reverse. In the extensive province of
Khandeish, which is about half the size of Ireland, the population was
about 60 to the square mile at the time of the Survey operations, although
from the fertility of its soil, it could easily have subsisted four times that
number, and the waste land was of such extent that in many talooks not even
the attempt was made to divide it into Survey Numbers. The results of the
survey operations in that province will, there is no doubt, in the course of a
few years, afford a most striking illustration of the wisdom of those liberal
concessions which have been lately granted. The provinces that appear to
be exceptions to the rule of extensive reductions, are those whose history
has not been so turbulent 8s the purely Mahratta provinces; the Concans,
North and South, and the large opulent province of Goojerat, escaped in a
great degree the scourge of war, with its accompanying evils; these dis-
tricts have been nearly fully populated and cultivated since the period of
the British Government, and any benefit that could occur either to the in-
habitants or to the State, from a reduction’of the assessment, is so trifling,
a8 to demand but a moderate concession.

Another argument, if any more be wanted, in favor of liberality, might
be found in the state of the ryots, who were almost always in a state of in-
debtedness to the sircars, or money lenders. In many districts nine-
tenths of the cultivators were thus in the hands of these capitalists, and
their condition mainly depended upon the individual character of their
creditors. In some parts the agriculture was kept up in a flourishing
condition by the capital thus employed, the owmers being sufficiently
enlightened to keep their clients in tolerably easy circumstances; bat in
others, their condition of indebtedness was not mitigated by any such
sdvanced views.

To sum up these remarks, the introduction of the revised assessment is
in general attended by an extensive reduction in the land-tax to afford
relief to overburdened districts; but in exceptional cases, this rule must
be departed from, should there be no valid reason for adhering to it.



ON INDIAN ENGINEERING. 209

Under all circumstances, it can be said with truth of the survey, that

. wherever the revised assessment is introduced into a district, the ryots in
the course of a few years have emancipated themselves from debt and a
new era of prosperity and progress has been commenced, which will secure
the enduring loyalty of the inhabitants to the British rule.

Under the ryotwar system, the mass of the population is fostered and
protected, but it must not be forgotten that the limit to the physical well-
being of a country cultivated by peasant proprietors, is soon reached.
Every one produces what is necessary for his own subsistence, and when
all produce the like commodities, there can be but little of that internal
exchange and trade, which forms the chief national wealth; and the pros-
perity of the country must depend on & much narrower basis, the state
of foreign markets. This during the last few years has been unprece-
dently favorable, and the cultivation of cotton under the influence of the
high prices ruling, has kept pace with the demand: it is not probables
however, that these prices will be permanent, and as a fall takes place,
so will the area under exportable produce decrease and cause a reaction
and a period of suffering to the population, unless the cost of production
be in some manner correspondingly reduced. Government has all the
advantages of the position of landlord to the cultivating classes, and can
reserve for itself an ample return for its outlay on those extensive inter-
nal improvements necessary to increase the fertility of the soil, and main-
tain a constantly progressive state in their provinces.

In the above remarks on the Bombay Revenue Surveys, the printed
records of Government have been liberally drawn upon, and in many places
the phraseology has been preserved verbatim; these will be easily recog-
nized by those conversant with the surveys, and it-has not been considered

necessary to mark them as extracts. c
A. C.
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APPENDIX.

FORM OF MEASURERS’ BOOK.
Date, 1st. Month, November. Year, 1863. Day, Monday. Present with the

Survey in the Field, Vitfoo Keroo. Patell, Hurmunt Govind. Coolcurnee,
Roonjee Suddasew Multadar.

Ca Revenue | Numver | N s Owner, Nagojee| prepen, B
rrent umber, ame Tenure. Chimnajee.
Number. m ol’w]l:::‘l‘ - of field. Kind. Coler. imnajee or absent.
’
- Occupant, him-
self. 0
17 21 wholly.| Swee* |Dry crop, Tulput
27 partly.| ma* » [rice and| Red. pusait 10-12-1'!
fie'd. tank. service. | Cultivator, Ra-
majee Govind
Cuddusm. 1

The Boundary Marks to this number as shown below, will be constructed by Peon
Nursoo Dewjee.
Norra.

ADJOINING N§ 72

Boundary Marks, numbered as follows, will be erected for this Number. Masonry pillars,
none; stones, 8, 9, 10, and 11; earthen mounds, 1, 2, 8, 4, 5 and 6; the marks on the alde
numbered 7, have been already constructed for Numbers formerly measured.

(Bigned) Wamux Succaran, Measurer,
A. Estabt.
I inspected the above marks in the field this day, 10th November, 1863, and found them
all completed, as above shown.
(Signed) Wawmun Suvccaram, Measurer,
A. Estabt.
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Page 17.
Direction wh Length of Figure and
the length is m&':ue;whﬁzs:d Breadth in Product. Acres.
meagured. fcross- was applied.) Kind of Soll.
No. | Direction. omet. | 5| Total. | mat. | As. |3ea m.\““"“" \B""“"
Chains. 1 turable,|  der.
1 | North-east, | = 6 12 . 612] .. . e | oo L
crop, 61414112 0/ 3 14
4+ 5 0|15 4§ 4 0|56 6 81|156]| 8
4 8 10 12
North-east, | = 6 8| 5 8] 9 12| 4 14 26| 2| O hice, 1 210, ... |1 310
=11 o1 o] 912 '
13 12 85
513 7 124 ol ® Total, ..}r17 8112 06 5 8
156 8 -
4 = 4 2| 4 2] 518} 2 144 11115 18
Tale } 720 0 .. | ..
& 4 8 4|21 4] 9 8|4 12 100 | 15 0 | 8quare,
18 0
- N i Jo28 ... | ..
Goontas, . ol .| .. | 86| 9|1 'ﬁmmlo
6 | Deduct land
. + 8-2|16 2{1 2|0 9 9l 1| 0
included, || Remarks BY Assisrawr.
Remainder, . [y 297 | 8|13
*Acres and
goontas, e . 717 | 8|18
1 | Rice land, = 8 0 8 4
4+ 21418 2|3 4|8 ¢4 42110 8
7 4 6 8
Acres and
goontas, 1 2)10] 8
Dry crop, ves . v cen 614 | 14 b
Total, .. . e | e | o Q717 818
1 | Deductfor | 0 4 . —
Toot » 19 0|0 4 Fized by the Classing branch.
pesh < 3|0 4] 4|12| o0
+ 212 4 8 Total acres,
2| Tk 1T 212 48
5 0f10 8/9 0|4 8 a7 4]0 Dedunct unculturable,
s . ees ees 2|1 0] O
Uncalturable goontas, b 21200 cutturable,
Culturable acres, wee  eee  ses e O 5| 8|13
=
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FORM OF CLASSER’S s00K.

DatE, 1s2. Month, Marck, 1863. Present in the field with®the Classer Patell,
Hurree Bhaie Techabhaie. Cooleurnee, Kaloobkaie Dhiurmdass.

NUMBER. . Cultivated
ormer | Beeggs, | O _Waste | Name Boll. Tenure. | O 3
qu_ IC | Mo o ;:::;d' of field. bt
174 | 92 &
B 3 5 g | Occupant, Govinda bin Kalojee.
1-7 Area. E z ] = B E
a = <
0-6 Uncultura-| = - = g’ o 4 Cultivator, none. Fallow.
ble. v 8 = E 3 .
-_ 8
1-1 Remainder. 2
EAsT OF PRECEDING NUMBER. (NORTH).
1 "2 A1 6
2} 12
1% 13 18
3 8 x|s8 ~Als A
13 13 13 13
4 sALlE N \6 6 Ixv |7 [
1% 13 1% 1
CLASSIFICATION AS FOLLOWS :—
Dry Crop, ... ... 0-83 Rice, ... .. 08
Cultivated, 0  Waste,... 0-33 | Cultivated, ... . 0 Waste, ... .. 0-8
Class. Annas. Portions. Annas. | Value of soil. Water. Total.  Portions. Annas.
1 16 1 16 6 12 18 1 18
2 14 2 28 Measurer has omitted to enter the rice.
8 12 2 24 4_—2
: 13 ; }g 2-0 | | Length, 40 ; Breadth, 2-0; Area 8-0.
6 8 1 6
17 4} 1 43 6 Measurer has (not) made any mistake.
8 3 0 0 7 Fruit trees, 3 mango, 2 tamarind, 1 jack.
9 2 0 0 8 Rice land is watered from tank in No. 105.
- —_— 9 Bagayet crops grown at intervals of 2 years from s well.
Total, ... o . 10 104} | 10 Rice is grown annually and other crops as well.
Uncultarable, ... .. 1 11
—_ 12
Total portions, ... ... 11 18
. Quotient, 10-5%; | 14
15
1 Distance from villnge,  mile. 16
2 Cattle are watered from tank, 1§ mile. | 17
8 Wells in repair, 0. (zilt of resuli;, 1.
ul ing to
‘4 De:(,ﬂo::, ou_nlc turable, according (Signed) RAMCHRISHN DAJEE, C'laaur. 3
5 This No. is (not) nsually manured. G. Establishment
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'VENTILATION AND COOLING*

In 1862, as our readers are probably aware, a Royal Commission was
constituted in England, to Report on the state and defects of the
Barrack and Hospital accommodation provided for the army, and to
suggest measures for its improvement. Its Report was presented m
the following year ; and in 1864 a Supplementary Report was issued,
containing suggestions for the Sanitary improvement of Indian
stations, with special reference to the construction of Barracks and
Hospitals in tropical climates. In 1863, the Government of Ipdia
appointed Lieut.-Colonel W. A. Crommelin, C.B., R.E., an officer
of much Civil and Military experience, to take up the matter lo-
cally, and with special attention to Indian requirements, and the
important resolution of the Governor General in Council in the P.
W. Department, dated 16th December, 1864, gives the final result
of that Officer’s labors for the last two years.

Although, however, the details of arrangement and construction
of Barracks and Hospitals were thus practically settled after very
full discussion, it was felt that the question of Ventilating and
Cooling Barracks and other public buildings in India might, with
advantage, be considered by a separate Committee, which was duly
constituted at Roorkee in 1865 ; and their First Report has lately
been presented. Although it is chiefly occupied by preliminary
discussions necessary to clear the ground for useful results being
arrived at, it sufficiently indicates the probable issue of the enquiry
to make it worth while to state briefly the difficulties attending the

* First Report of the Committee on Ventilatien and Cooling of Public Buildings
in India. Roorkee, 1866.

VOL. 1II. 2F
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subject, and the points to which inventors’ attention should be
directed in their endeavour to solve those difficulties.

The Ventilation of buildings in cold or temperate climates, de-
pends on the fact of the air inside a building being warmer and
therefore lighter than the external air. If holes are left in" the
upper part of a room, the foul air will pass out of them and fresh
air can come in through the windows or otherwise. If more powerful
means are required, then regular ventilating shafts are provided, by
one set of which the cold air comes in, and by the other set the foul
air escapes. The up-cast and down-cast shafts of mines are arranged
as is well known on this' principle, and half the modern public
buildings are ventilated in the same way—the heat of a fire or gas
being used in the up-shafts to create a strong draft.

But in a great part of India, the temperature of the external air
is very much higher than that inside a building ; and that often
for months together, and by night as well as by day. This fact
appears to have been lost sight of by the London Commissioners on
Tropical Barracks, their most important recommendations being
evidently adapted only to a West Indian climate, or the climate of
India near the sea-coast, and not to Upper India and its hot winds
at all. Indeed, they acknowledge the difficulties on this point, and
recommend its being locally taken up, as it has been. It is evident,
from a little consideration, that the above fact prevents anything
like self-acting ventilation, for doors and windows must be shut
to exclude the hot air, while the foul air inside being cooler and
therefore heavier, will not of its own accord pass out of openings
above. To effect the admission of the one and the exit of the
other, it will be necessary to create a powerful artificial draft.

But for some portion of the hot weather (as eaid above) it is
necessary to cool the air previous to admitting it, and the two ques-
tions have to a certain extent to be considered together. What is
now done, as is well known, is either to keep doors and windows
shut all day long, an unhealthy practice where a number of men
are in the same building, or to put a Zaffie, or grass screen in the
doorways to windward, keep it wetted, and thus cool the hot air as
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it passes throught it—the temperature being lowered in this man-
ner from 5° to 20°, varying with the heat and dryness of the blast.

The defects of this practice are several,—unless there is a strong
wind blowing, very little air comes in through the Za¢fie,~and if the
wind ¢ strong, it passes into the room in cold damp blasts, un-
healthy to those who are near it, while at the further end of the
room it may be scarcely felt. Unless the Zattis is kept constantly
wet, of course hot air, instead of cold, is drawn in, and it is difficalt
to keep the fattie properly wet by hand-labor alone. Moreover,
the arrangement is only effective on the windward side of the
building ; the rooms to leeward must remain hot. The vegetable
matter of the Zaffic under the constant influence of heat and mois-
ture is also apt to decompose, and render the permeating air un-
wholesome.

Attempts have been made to remedy these evils. Grant’s trough
apparatus ensures a more equable watering of the tattie—and
thermantidotes, consisting of an arrangement of blowers turning
on & horizontal axle, and driven by hand or bullock-power, are used
to create a blast when the wind is not blowing. There still re-
mains however the fitful character of the blast, and the want of any
means of diffusing it equably.

It may be as well here to note in passing, that Punkahs merely
agitate the hot air inside, and though rendering it for the mo-
ment cool to those under or near them, do not at all lower the
general temperature of a room, nor do they help at all in ventilating
it. 'We shall speak of their arrangement presently,—but their ex-
pense and inconvenience make it very desirable to supersede them
altogether, if possible.

More than one scheme has been proposed for cooling the air
without the aid of the tattie, and it is possible that some of these
may be effectual, but inventors are apt to forget the large quantity
of cool air required—and the expense attending the arrangement.
Nor will a complicated apparatus do for a country where unskilled
workmen are alone available to repair it when anything goes wrong.
One inventor, for instance, proposes to force the air threugh ice,
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but makes no calculation of the enormous expense to be incurred in
making the ice. A more feasible proposal is that of Professor
Piazzi Smith, viz., to force the air through a worm like that of a
still, surrounded by cold water; the air when thus cooled to be
distributed as required—but the power required to overcome the
great friction of the hollow tubes, and to provide an adequate
supply of air, seems to be have been under-rated; a scheme on
the same principle as this, but differing in detail, is still under con-
sideration. Of the various kind of blowers, other than the ordinary
thermantidote, which have been tried or suggested, Arnott’s Hydro-
static Pump is the only one that promises well, and seems at all
likely to succeed.

From all the discussion that has taken place, and with the
numerous projects submitted, the results at present attained ap-
pear to be these :—

lsf. That no arrangement as yet hit upon for cooling the air is
better than the grass tattie ; and that some better means for water-
ing it is still desirable.

2nd. That during the rainy season it is not necessary to cool
the air artificially, but simply to blow in a proper quantity of it.

3rd. That as a blower, nothing has yet appeared,* preferable to
one or other of the forms of the ordinary thermantidote, driven by
coolies or bullocks, or in particular places by steam power,

4tk. That the amount of fresh air required has been estimated
by the English Commission as 20 cubic feet per man per minute,
, and this may be taken as the standard. The provision for any

particular building therefore, is a simple matter of calculation,
depending on its size, number of inmates, number of therman-
tidotes used, and the speed at which they are driven.

5¢k. That the proper mode of diffusing the fresh air is still an
open question ; probably it should be by flues from the thermantidote
chamber, but whether under the floor or round the sides of the
room ; whether one or two large inlets will be best for a room; or

* Unless Arnott's pump on the gasometer principle, which is still under trial, should
prove effective and economical.

*
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wiftther a number of small inlets is preferable, are still undecided
points, and can only be settled by experiment.

6¢k. That from recent experiments which have been made, the
position (as regards height) of the outlets for foul air is a matter
of indifference. It will be forced out, wherever the exits are placed,
if a proper supply of fresh air is forced in.

If it should eventually turn out, that in many buildings at any
rate, Punkahs cannot be dispensed with, the best mode of pulling
them with due regard to efficiency and economy has still to be
decided. Grant’s system of treadles, which promised well at first,
seems latterly to have failed. Rotary punkahs have been several
times proposed and rejected, and schemes of pulling punkahs by
clockwork—by pendulums—and by falling weights, seem as yet
not to have passed out of the regions of theory. It seems gene-
rally admitted now, that the old broad punkahs with-ghort light
fringes are far less effective than narrow punkahs with deep heavy
fringes ; and if their number is properly accomodated to the size
_ of the room—and the pulling power to the number to be pulled—
and if they are carefully hung, it does not seem likely from such
evidence as has yet appeared, that the present arrangement will be
in principle superseded.

The above remarks on an important question may be of use to
many whose attention has been, and is now turned in this direction,
as serving to show how the question at present stands, and what
more is wanted. It is quite possible, however, that they may be
modified by the time the next Report of the Ventilation Committee
may be presented, and they are merely an expression of individual
views. .

J. G. M.
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No. CXI

—_— ———

THE ADEN TANKS.

Compiled from an account of Aden by CapraiN PrLaYPAIR, and from
Official Records, by Lieur. S. 8. Jacos, Assist. Engineer.

TaE scarcity-of water supply must always have been a cause of anxiety to
those who have from time to time inhabited Aden. Water of a good quali-
ty, but in limited quantities, is found at the head of valleys within the crater
and to the west of the town; as the wells approach the ses, they become
more and more brackish, and those within the town are unfit for any
purpose save ablution. These are in number about 150, of which perhape
50 are potable, and yield an aggregate quantity of about 15,000 gallons per
diem. They are sunk often in the solid rock to a depth of from 120 to
185 feet, and in the best one, the water stands at a depth of 70 feet below
the sea level. An abundant supply of water is procurable on the northern
side of the harbour but the difficulty of bringing it into Aden and its
lisbility to be cut off by hostile Arabs, have hitherto rendered it almost
unavailable. So great has been the demand, that the brackish water
brought from Sheik Othman, a village five miles distant, has often been
sold to the shipping and others, for as much as Rs. 8 per 100 gallons.

A project for bringing fresh water from the interior by an aqueduct is
now under the ccnsideration of Government.

1t was doubtless the want of this common necessary of life which
induced the first inhabitants to provide some means of storing supplies of
water, and the features of the rocks were well adapted to suggest the
construction of Reservoirs or Tanks.

In the centre of the Peninsula of Aden is a range of hills, which rises
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almost perpendicularly to a height of 1,760 feet, and forms the wall of the
crater of Aden. On the western side the hills are very precipitous, and the
rain water descending from them is rapidly carried to the sea by means of
long narrow valleys. On the interior or eastern side the hills are quite as
abrupt, but the descent is broken by a large table land occurring midway
between the summit and the sea level, which occupies about one-fifth of the
entire supetficies of Aden. This plateau is intersected by numerous
ravines, nearly all of which converge into one valley, which thus receives a
large portion of the drainage & the peninsula. The steepness of the
hills, the hardness of the rocks, and the scanty soil upon them, all combine
to prevent any great amount of absorption; and thus a moderate fall of
rain suffices to send a stupendous torrent of water down the valley, which
ere it reaches the sea not unfrequently attains the proportions of a river.

To collect and store this water the Reservoirs were constructed. They
are extremely fantastic in their shapes; some are formed by a dyke being
built across the gorge of a valley; in others the soil in front of a re-enter-
ing angle in the hill has been removed, and a salient angle or curve of
mhsonry built in front of it ; while every feature of the adjacent rocks has
been taken advantage of, and connected by small masonry channels to
ensure no water being lost. The overflow of one tank has been conduct-
ed into the succeeding one, and thus a complete chain has been formed.

There is a tradition in Aden, that about A. r. 906 (a. p. 1500) the
individual who was then Governor persevered in digging wells for sweet
water, and being successful the reservoirs were permitted to fall to ruins, or
to be filled up with the débris washed down from the hills, which would
be sure to happen sooner or later, as there were no shield bunds; and in
1859, when the tanks were in process of restoration, although the channel
had been cleared for about a quarter of a mile above the upper tank, a storm
which occurred brought down such a large deposit of stones and gravel, that '
Captain Fuller in 1860 constructed shield bunds across the necks of the
water-courses leading to the tanks. Below the shield bunds, and in addi-
tion to them across the main ravine, are two bunds which form lakes, and
these are connected with the tanks below, by pipes which can be shut off
when necessary.

In the shield bunds are inserted grated sluices 2 feet square, to allow

water to pass when it rains but slightly, and before it has time to be
abgorbed by the rock.
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In 1854, Captain Playfair, Assistant to the Political Resident, tarned
his attention to these tanks, and on his own responsibility undertook the
task of restoring them; the expemse being met by the Municipal Fund,
and by the money realized by the sale of water. A few ruined tanks on

- the sides of the hills which never were buried or concealed, were the only

visible remains of the ancient reservoirs; but as the work progressed, the
magnitude of the system became apparent, and a further measure of
assistance was afforded to Captain Playfair by the quit rents charged on
building grants, being appropriated to thé object.

Subsequently, at the request of Brigadier Coghlan, then Political Re-
sident at Aden, Government granted such sums of money as from time
to time were required to carry on the restoration without further reference.
Each month, as further excavations were made, and the débris with which
they were filled was removed, new tanks came to view, and so the work
progressed under the Superintendence of Captain Playfair till February
1857, when illness compelled him to retarn to Europe, and the work was
made over to the Executive Engineer, Aden. Up to that time, tanks
had been completed, the aggregate capacity of which amounted to about
38,588,000 gallons, and the expense incurred in effecting this, amounted to
no more than Rs. 11,542, of which Rs. 6,500 had been granted by
Government.

Subsequently, when a violent fall of rain had afforded the necessary
experience regarding the style of work required, and the size of the
aqueduct necessary to carry of the overflow of No. 1 Tank; Captain
Playfair's aqueduct was replaced by one better adapted to resist the im-
mense force exerted by the stream; the walls of the tanks repaired and
cleared out by him were also heightened so as to double their capacity,
and one tank was greatly increased by using it as a quarry for stone
required in the work,

The plan will show the position of the tanks with reference to each
other, and the sections will show the depths on the section line; but the
bottom of each tank presents more or less an irregular, fantastic appear-
ance, according as the natural surface of the rock has been plastered over,
or masonry has been used.

Each tank is connected with the succeeding one by an open or covered
duct, and as soon as one is full the water is conducted to supply the next
tank, until the whole system is full; and when the last, a large circular
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tank, has received its supply, the surplus water is carried to the sea by
a channel 60 feet wide, the sides of which are dry rubble (slope 1 to 1)
with & masonry coping; and acroes it at every 30 feet masonry bunds
are placed below the surface to protect the bed from scouring.

The plan on which the last, the circular tank, has been constructed
is worthy of note; it is built in a series of rings or off-sets, increasing
in diameter from the bottom upwards ; the perpendicular distance between
each off-set is about 5 feet, and the off-set itself about 1 foot in width.
There are two places where these off-sets have been omitted to facilitate the
drawing of water; over each a pulley can be arranged for hoisting the
bucket. The advantage of these off-sets iz the facility with which it
enabled men in the first instanee to construct the tank and afterwards to
effect repairs.

All the tanks are farnished with flights of small staeps constructed on
the sides wherever necessary or convenient.

Perhaps it may prove useful to state the manner in whigh these tanks
have been plastered. Whenever any uncertainty existed as to the nature
of the ground, it was roughly paved, leaving joints of about 1 inch width;
this lessens the chance of crevices occurring between the stones which
might sometimes oocur if they were set close. On this, concrete composed
of equal parts of lime and gravel was well rammed. The thickness of
concrete depends upon the height from which the water had to fall; about
1 foot in thickness of concrete for 10 feet fall is sufficient. Over
this, 8 inches rough casting (composed of 1 part chunam, 1 part sand,
and 4 The. hemp, per 100 square feet, well mixed) is laid in layers of
about 1 inch at & time ; and when the rammer emits a clear hard sound,
the final coat of plaster is added, composed of 10 parts chunam and
1 part sand.

The lime at Aden is obtained from coral, and is of good quality.
Care should be taken to prevent heavy rain from falling on Jhe plaster
until it has groperly set, and it should also be shaded from the sun in
the hot weather.

The total contents of the Government tanks, including upper lakes
formed by bunds, are about 11,000,000 gallons. A moderate fall of rain,
say about 8 inches in 8 hours, would fill the whole system, and in a
few times would repay Government well for all outlay incurred: but

unfortunately we have had so little rain in Aden since the tanks have .

VOL. III. 2a
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been completed, that it is not fair to draw conclusions. Every shower
of rain saves Government so many rupees, and gives the troops and
others at Aden the blessings of good sweet water. Hitherto the water
collected, owing fo the scarcity of rain, has not proved anything like

sufficient.
8. 8. J.
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No. CXII.
ROADS IN COORG.

dbridged from a Report by Major R. H. Sanksy, R.E., dssistant
to the Chief Engineer, Mysore.

IN 1862 a small platform bridge 9 feet wide by 4 feetehigh, placed in
one of the numerous short embankments on the Mercara- Veerajendrapett
road in Coorg was carried away by a flood, and the Engineer, Mr. Stod-
dard, submitted an estimate amounting to Rs. 2,110, for reconstruct-
ing the work, increasing the bridge to a span of 12 feet, and raising the
embankment throughout—making, in fact, apparently all reasonable pro-
vision for meeting the requirements of the highest probable flood.

But the floods of 1863, proved much more serious than had been an-

. ticipated, and a second design had to be framed, for a bridge of double

the capacity. Last year's floods coming down with still greater power,
and further the labor rate having sensibly increased, a third revision was
found essential, bringing the estimate up to Rs. 14,960, or seven times
the amount originally cont'emplated.

Viewing the whole circumstances of this case, and others bearing a
close analogy to it, the Chief Engineer considered a strict enquiry on the
spot essential, and with this object I proceeded to Coorg on the 19th ultimo.
Having now carefully inspected the works in question, I am clearly of
opinion that the Executive Engineer has acted with all reasonable fore-
sight, in framing his successive estimates, with the data of previous floods
before him, but that from the daily changes now being wrought, in the
physical condition of Coorg, these data cannot be accepted as guides to
the future. .
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In the former condition of the country, when dense rolling forest
covered all but the mountain tops and the rice lands in the deep in-
tervening valleys, the rain-fall was in part sucked up by the redundant
vegetation, in part absorbed into the earth—being stopped from flowing
off by thickly interlacing roots—in part evaporated from countless leaves
and stems, and only probably a comparatively small portion, enabled to
flow off at once into the various streams. It appears to me however,
that in consequence of the great areas of forest land, now laid bare
yearly by the planter, the rain-fall is discharged much more rapidly down
the mountain slopes than was formerly the ‘case, among other results
giving rise to floods of yearly increasing magnitude. That such must
necessarily be the result of extensive clearings, would I should think be
at once admitted. I shall give hereafter certain' proofs that at lesst the
argument does not rest on theory—meanwhile the mere statement of the
fact, in reference to a country with the known heavy* rain-fall of Coorg,
must give rise,to vague apprehensions for the future.

The consideration of the general question, as to the effects of clearings
in other tracts as well as Coorg, on the bridges, anicuts, and other river
works, down to the sea, though naturally following, is much beyond my
powers and present object, I trust however I may be exctised for deeming
it of sufficient importance, even in the limited sense of its direct effect or
Coorg works, to warrant my converting what was originally intended as a
simple professional report on two or three individual works, into one of
a more general nature, relating to the present position of the Department
and the work before it, under the peculiar circumstances above described.

The present time also appears for other reasoms, suitable to such a
consideration of our position. It was not till three years after the British
had possessed themselves of the country, that the impossibility of moving
a force into South Coorg—to subdue the rebellion which had there sprung
up (1887)—demonstrated the absalute necessity of constructing some
kind of Military road, and the Sumpagee ghaut was made by Lieutenant
Fast of the Engineers. The Anachowkoor road and Periambady ghaut
were finished some twelve years later, also as a military necessity—the old
line to Cannanore, through Wynaad and by the Perriah pass, proving alto-
gether impracticable. The conmecting road between Mercara and Veera-

® Rain-fall at Mercara—1863-64, 135 inches ; 1864-65, 148 inches. It is believed to be much heavier
at Periambady ghaut.
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jendrapett, with a similar military object, was made shortly afterwards. At
this moment these three military roads, remain practically the* only ones
devoted to wheeled vehicles in the country, and it will be seen from what
follows that even these—masterpieces of engineering as they were, when
first driven through almost impenetrable forests—are in many places quite
unsuited to the requirements of the cart traffic which has now set in upon
,them, and which with the altered physical conditions above alluded to,
coupled with other causes, threatens to render them entirely unserviceable,
unless energetic measures be adopted for their preservation, and reconstrac-
tion in places. When in addition to this it is borne in mind, that hardly
a portion of Coorg, with the exception of Nalknad, remains unoccupied by
planters, there can be no reasonable doubt that the whole country will be the
scene of European enterprise, in a very short period—Coorg in fact forming
with Monzerabad on the north, and Wynaad on the south, a vast connected
colony. It therefore appears to me perfectly clear, that even were the
main roads above alluded to, in thorough working order, they would only
in a very partial degree, meet the first wants of the country, and that an
imperative necessity exists for devising some practical means of giving a
more extended series of communication.

To 4acilitate reference I have constructed the accompanying Map, from
such information as I could procure. The Trigonometrical Survey shows
only the old native tracks, and it may be doubted whether the topographi-
cal features are very correctly indicated. We have no actual surveys of the
Ghaut Roads; they are however here I think sufficiently well laid down,
to answer my present object. The heights above sea level have been de-
termined from means, struck on the observations of the Rev. Mr. Richter,
Mr. Stoddard, and myself; being however taken with the Aneroid, they
can only be accepted as approximations.

With reference to the condition of the Gthaut roads, in regard to gradient
and goil, I would invite attention to the longitudinal sections herewith
given. Though the slopes have been roughly determined, without
the use of the instrument, they will be found sufficiently accurate for all
practical purposes, and show at a glance the weak points claiming early
attention.

Firet in the list is the Mercara-Fraserpett road, 19 miles. This is

©® Carte, it is true, have passed over the new Mercara-Codlipett road, but the work is far from
complete.
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probably the most defectively traced line in the counmtry, for it will be
noted that although there is only about 1,000 feet difference in lovel
between the termini (giving an average fall of 1 in 100), there are two places
between the 8rd and 5th miles, with gradients of 1 in 9, and 1 in 10, and
many others with 1 in 15 and 16. The present condition of the steepest
portion is most distressing. The longitudinal elopes being as great or
greater than the side slopes, the water téars down the centre of the road,
ripping up everything but large boulders, and the surface repairs, made
from the trifling maintenance allowance, Rs. 150 per mile, are altogether
useless.

The Coorg hills being composed of metamorphic rock in which felspar
is largely present, all near the surface is decayed, and there is very little
really good gravel to be procured. Good gravel indeed appears only to be
met with in laterite formations, at a few points along the Tulla Cauvery
road; also between Veerajendrapett and Periambady, and again on the
Bittengall road with perhaps a few other isolated spots. Metal is pro-
curable either by blasting, or from the embedded boulders met with in
excavating the scarps. While therefore presenting great facilities for first
formation, it is evident that very serious evils result from the geological
structure of Coorg, in regard to two of the main requisites of ghaut roads.
The first is, that the foundation of the road must be soft and yielding, and

‘that there is no proper top dressing present, for such metalling as may be

laid down ; the second, that the side scarps and other portions readily yield,
and fall away with the slightest run of water on the surface—there in fact
being no coherence in the soil.

To my mind therefore, 8 new trace of at least all portions, with gra-
dients above 1 in 18 is a first necessity. The portion between Mercara
and Sonticoopa being the worst, I would urge an entirely new line being
made. Without a more careful examination of the country, trial traces,
levels, &c., it would of course be quite impossible to say what actual line
should be adopted, I am however satisfied that on all professional grounds,
a8 also from the stringent orders issued by the Government of India, in -
regard to gradients of ghaut roads, (the maximum having been expressly
limited to 1 in 22,) no other conclusion can be arrived at, than a thorough
reconstruction, for the uppem portion of this road. Between Sonticoopa
and Fraserpett, it will also be observed, that there are in places, very
objectionable gradients. The adoption of zig-zags, or a slightly more
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circuitous route in one or two places, amounting in the whole, to (say)
a reconstruction of 3 miles, should I imagine, suffice. I would also ob-
serve that in addition to other objectionable features, high jungle lines
the road closely for several miles, chiefly in its lower ,portions, and if
not removed at once by planters (the undergrowth being left to preserve
the surface) should be cut down to 15 yards on either side of the road.
Halting places for carts and cattle off the road should be provided, and
stringent regulations enforced regarding their use. .

The Sumpagee Ghaut, 194 miles in length, and leading direct to Man-
galore, is the next ling claiming attention. This great work, the first
of the 14 or 15 roads now carried through the Western ghauts, is
undoubtedly the best in Coorg, and so far a8 I can judge only requires
trifling rectification between the 9th and 10th miles. At the upper por-
tion of the mile the slape is 1 in 12, and for a short distance approach-
ing a bridge over a ravine, at the 10th mile, as much ag 1 in 6 or 7.
.There is a deep narrow gorge at this point, which no doubt rendered the
selection of a better line almost impossible, with the features of the neigh-
bouring slopes, shrouded in dense forest. Even now with nearly all laid
bare, it is no easy matter to choose another, and although from my own
personal examination, I am satisfied the line can be carried by a zig-zag in
another direction, véry careful alignment will be required. At a rough
estimation, I should say 24 miles of new ghaut would have to be made.
1t will be observed that from about the 2} to the 4th mile, there is a coun-
ter gradient ; this however was essential, in order to get over the saddle on
one of the lower spurs of the range, running off towards Tulla Cauvery.
The ghaut is nearly metalled throughout, indeed I might say paved, in its
lower portion. The metal is staring and gritty, and I should fear would
-in great measure be swept away, if means cannot be found before next
May, for protecting it with gravel, and a well formed up roadway.

Several slips have occurred in this line, the most serious one being be-
-low the 10th mile stone. This resulted in a great measure from the clearings
both above and below the roadway, and though a passable road has been
constructed across the breach, some permapent arrangement must be made
for diverting the upper drainage, and leading it off to the stream below.
-The side cuttings in the first mile near Mercara are extremely heavy, one
‘double escarpment being about 90 feet high, and the drop on the lower
-gide of the road precipitous to a degree. Some thick growth should be
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encouraged here to obviate all possibility of a slip which, if it occurred,
would be fraught with the most serious consequences. Halting places for
carts are also required on this ghaut.

The total fall in the first 15 miles of this Ghaut is about 2,900 feet,
which gives 1 in 87 for the whole line, but it will be observed that the in-
fluence of the counterslope bas prevented this being worked out. From
the foot of the ghaut to the town of Sumpagee, 4} miles, the fall is only
about 55 feet.

The next Ghaut in order of succession, is the first 2} miles of the read
leading out of Mercara, towards Veerajendrapett, At the end of the 1st
mile and sfter passing the second, the gradients are 1 in 9, and in nearly
all other portions excessively severe, 80 much so indeed that I would beg
to recommend entire reconstruction. The side cuttings in the upper por-
tion are also extremely heavy, and as this part perhaps afford the most
marked example of the effects of clearings above ghaut roads, I herewith
attach a rough sketch which I made of the first mile of this ghaut, as
seen from the Sumpagee. Here it will be observed on the central hill,
that the planter, to prevent the soil being washed away from his trees, ran
the horizontal drains a, 4, a, @, a, but these becoming surcharged, burst at
different points, forming the perpendicular channels b, b, b, b, at the end
of each of which, mogt formidable breaches have occurred. These four
glips in this short space are each I should say at least 100 feet high. On
their occurrence it took several days with the utmost exertions to clear
the road, and in two cases the breaches carried away the roadway itself,
occasioning the most formidable chasms on the lower side. = My own
opinion is that unless some thick growth be at once encouraged on this
hill, the next monsoon will see these breaches greatly extended. 1In fact,
there appears every likelihood of the original form of the hill being al-
tered, and the work, it preserving the road, becoming endless.

As a distinct proof that to upper clearings, are to be attributed nearly
all the serious slips which have taken place, I would point to the pre-
sent condition of the cutting mentioned above, as also to the weathered,
and apparently perfectly safe cendition of many other similar scarpe, where
the upper surface of the hill has not been disturbed. Every one passing
through Coorg, has been struck with the gigantic trenches, carried through
deep valleys, and along the tops of the highest hills, serving as ancient
boundary marks (Kodungas). Some of these are nearly 40 feet from
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summit to bottom of ditch, and often taken along hill sides with an angle
of 80° to the horizon; yet though hundreds of years old, the edges of
most of them are as sharp as possible, in spite of the natural incoherence
. of the soil. This simply results from the surface not having been ever
distarbed.

The total fall in this ghant is about 550 feet in 24 miles, giving 1 in 24
over all; there are however two short counterslopes, which have thrown
out the remaining gradients.

The fourth and last of what may more especially be termed, Ghaut roads
in Coorg, is that at Periambady—10 miles in length—Ileading down to-
wards Cannanore. It will ba,observed from the section, that for the first
24 miles the slope is sufficiently gentle, but for the three-quarters of & mile
Just above the Wotacolly bridge, there is & distressing gradient of 1 in 10
and 12. The road after this is easy and level in places to beyond the
4th mile, from which it drops down to Woority with generally far too
steep a gradient. .

I have very little doubt, that by carrying the line along the southern
slopes of the hill at Wotacolly, 1 or at most 2 miles of new ghaut would
overcome the objectionable gradient above the bridge. Now that the hill
sides have been laid bare and planted, it is easy to see that an alternative
line lies in this direction; but when Captain Francis laid out the ghaut, so
dense was the underggowth and vast the forest overhead, that no neigh-
bouring feature of .the country could be seen from below. It was only in
fact by lighting fires along the trace and standing on a bare topped moun-
tain, commarding the ghaut, that the direction with reference to the ad-
joining ground could be ascertained. The alteration of the lower portion of
the ghaut is & different matter. Though undoubtedy desirable, it is not
easy to see how it could be effected. The point on the section, named the
Jemadar’s rock, is, so far as I can judge, the top of a precipice of sheet
rock, across the face of which it having been found impossible to work, it
was allowed to rule the gradient down to Woority. Once this point was
acoepted, I conclude there was nothing for it but to lay out the ghaut as
it now exista ; the hill side, along which it is carried, being at far too steep
& slope to allow of length being gained by a zig-zag.

I found the upper portion of the ghaut, where the gradients are easy, all
in fair enough trafficable condition and being metalled, but the evils of too
steep a gradient were at once apparent lower down. Previous to the ghaut

VoOL. III 2 &
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roads being taken over by this Department in 1862, the Madras Govern-
ment had spent some Rs. 60,000 in metalling this line, but chiefly
from steepness of gradient, the metal (unfortunately very thinly laid on,
and placed on an imperfectly barrelled road) was almost wholly swept away,
and only traces of it can here and there be observed. In the first rough
shaping of the ghaut, many boulders had been left, and others of a
smaller size were probably thrown in from time to time, to fill up the
deep channels cut by the water tearing down the ghaut; its dreadful con-
dition can therefore hardly be exaggerated.

In speaking of the Veerajendrapett Ghaat, I have shown the effects of
clearings above hill side scarps. The portion of this (the Periambedy)
Ghaut already cleared, showed in many places on the other hand, the
evils of clearing on the lower side of the road, where the side slopes are
great. When forming the original roadway, Captain Francis adopted a sim-

ple barrelled surface as in ordinary

roadsgthus throwing half thedrain-

age over the hill sides, by small

) cuts (a¢) from the outer drain at

| every 80 or 40 feet, as roughly

4_shown in the side section. The

’.\{\plan answered admirably in the

" former uncleared state of the hill

gides, fewer cross drains being

found necessary, and the thick

vegetation on the outer slopes

preventing the chance of the soil

being washed away and breaches

resulting. The moment however

the slopes were cleared of jungle, the whole condition of matters changed.

The planter to prevent the soil being washed from the lower slopes, very

naturally cot the longitndinal drain A, in the next section. This un-

fortunately operating in undermining the bank, frequent breaches of the
nature shown by the dotted lines, have been produced.

The Executive Engineer, to help out matters as much as he could, has
been endeavouring to dispense altogether with the outer drain, by raising
the outer side of the road, and throwing the whole drainage into the inner
drain, which having thus double its previous work to do, required to be
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easod by new cross drains at closer intervals; 52 extra croés drains are
therefore now in the course of con-
struction, but the attendant dif-
ficulties are of a very serious
character. To obtain an outfall
for these drains, which shall be free
from the chances of occasioning
frequent breaches, seems very near-
ly an impossibility where the hill
gide is laid bare, and unless very
thick planting can be maintained
down the side of the channels, I
do not see how the matter can be
managed.

For all existing uncleared ground
along ghaut roads, I would venture strongly to urge the necessity, of
preserving & belt of low jungle, both on the upper and lower slopes, of
from 40 to 50 yards wide. Indeed to ordinary observers, it would appear
to be quite as little in the interests of the planter, as of Government, to
- cultivate slopes which are so steep that the upper mould is easily washed *
off, and where, as is not unfrequently the case, such slips occur that plants
and all are washed into the valley below. Hill sides are now planted at
angles of 45° 50°, and even 60° to the horizon, when it would hardly
appear possible to preserve for any length of time, the surface soil on
slopes of more that 20°. I am informed that it is the practice on steep
slopes, to plant the coffee trees closer together, but in any case the
ground between must be kept clean and free from weeds, so that the evil is
only very slightly mitigated.

There are now about 7 miles of the Periambady ghaut to which my re-

marks especially refer, as ‘the forest is as yet standing, and it is with
regard to this I should be glad to see some decision arrived at. The slopes
are extremely steep for the last 6 miles of the ghaut, and all along may
be observed the noblest spars of Poon (Calophyllum bracteatum), Anjely
-(Artocarpus hersuta), Chittagong wood (Cickrassia tabularis), Honay
(Pterocarpus marsupea),  Sumpengi (Michelia champeca), Red Cedar
(Cedrela toona), and many .other timbers, whose value on the coast is I
understand rising daily, and which therefore, it would appear most desir-
able-to conserve. - '
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Having described at more or less length, the ghaut portions of the
through main lines of communication, I would beg to draw attention to
the two connecting links, viz. the road from the foot of the Veerajendra-
pett ghaut to Periambady—214 miles—and that from Periambady through
‘Attoor and Tittamutty, leading towards Mysore—394 miles to the frontier.

As both these lines partake very much of the same characteristics, I
may at once state, that they are a perpetual series of rises and falls, being
carried across low spurs of hills, with intervening paddy flats. The grad-
ients are frequently very bad indeed, but being for the most part over short
pieces, I would not suggest any rectification at present, draught cattle being
able to make the needful exertion when the strain is not too continuous;
metal however should undoubtedly be employed, and the form of the road
preserved. [Felling of high jungle on either side is also much needed
in many places.

The point however chiefly requiring attention in both roads, is how to
deal with the embankments crossing paddy flats; theee having suffered
most severely from floods, during the last three years—these floods, as I
have at the commencement stated, being I believe progressive, in propor-
tion to the extent of land cleared for planting, and liable as has alresdy
been the case, to stop all communication, by blowing up the bridges, &oc.
These flats or cultivated Coorg valleys, present quite s peculiar section,
the result no doubt of
the incoherent nature of

Ve the soil before alluded
7 -"" to. Instead of gently
b sloping off into the val-

; Hns leys, the hills terminate
always in abmpt ba.nks (AB and CD in the above section,) which vary
from 20 to 40 and 50 feet high—the stream shown at the left corner,
having probably wandered from side to side, (i. e., from B to D,) much in
the manner of the Ganges, and other rivers of Upper Indis, within the
limits of their ¢ Khadir.” An irrigation channel taken off high up, runs
usually along the other side (D), and the stream when surcharged, inun-
dates & large portion, if not the whole intervening space. These paddy
flats vary in width from 100 to 500 yards as  rule. Some however in
Bouth Coorg much exceed this, presenting magnificent shests of cultiva-
tion girt by dengely wooded hills.

In carrying a road across such places, (they are met at distances vary-
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ing from half to two miles apart,) the plan adopted was to throw an arch
over the stream at B, also a tunnel for the irrigation channel et D, the road-
way being formed in embankment, somewhat as indicated by the dotted line
in the above section. In the middle of this embankment at E, was also
constructed a small bridge for the discharge of surplus inundation water.

These arrangements answered sufficiently well, so long as the floods re-
mained within their original bounds—now, however, that the tendency to
increase yearly has shown itself in several cases, the irrigation drain at D,
and in more cases, the small bridge at E, have blown up. Five embank-
ments crossing paddy flate between Mercara and Veerajendrapett, have
thus suffered daring the past two years. In the early part of this mon-
soon, the Kokeloor embankment, close to Veersjendrapett, was for the
first time since its construction, (supposed to be 15 years ago,) over-top-
ped, the flood standing 4 feet above the small central bridge, which it
fairly blew up, transportipg the whole of the materials to a distance of some
50 or 60 feet. The bridge over the stream at B, has always been saved
by the destruction of the smaller one at E, the inundation water thus
venting itself—but it is perfectly clear that if we go on increasing the
embankment to what we consider a safe height, and rebuilding the central
bridges at E, considerable risk will be incurred of throwing too great a
portion of the flood through.B, and destroying thus the main works.
Most of the latter are gingle span bridges of 40 to 55 feet, and were very
costly.

In dealing with what, as I judge, hes now become a gradually accelerating
force, the first necessity is to provide for the safety of the bridges at B.
I would ﬂlemfore in-

> building the bridge
at E, cut down the
former and omit the
Istter, making the whole assume the section shown, which allows the
inundation after a few feet rise to flow over the centre of the embank-
ment and thus vent itself innoeuously.

There are only two essentials in dealing thus with the matter, viz., first,
that the gradient of the approaches shown should be & maximum ; and se-
condly, that the central point of the embankment should be kept as low as
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possible consistent with this. I have every reason to believe that no flood
would thus interrupt the communications more than three days st the °
farthest, and a few trifling repairs to earthwork would suffice after its
retirement.

Having now reviewed the state of the msin lines, I will briefly refer to
those under construction or proposed.

The road now under construction between Mercara-Somwarpett—and
Codlipett—44} miles—was commenced some three years ago, and during
Iast year had made such advance as to admit of carts going over it. Of
course however the work is far from complete. The original idea in thus
connecting Munzerabad snd Coorg, was to run the line to Souticoopath,
but it was afterwards altered to Mercara, as holding out greater advan-
tages. The line having been laid out, under stringent regulations in
regard to gradient, and the trace receiving great atiention, the result
is a road with uniformly the best gradients in this Province. With one
or two very trifling exceptions, I think the maximum gradient throughout
the line as far as Somwarpett, may be pronounced to be 1 in 18; 1 in 20
is common on the ghaunt portions. In ascending the hill beyond Somwar-
pett, I fear the gradient is 1 in 16, but after that to Codlipett, 1 in 19
and 20 is the maximum—the line in most places being very easy and often
nearly level. Most of the roadway is 18 feet wide. There are places 16,
others 14, and even only 12 feet wide: but these form a small propor-
tion, and I should think that in three months the full width will be
attained from first to last. The work is progressing with very creditable
activity.

For the Choranhully, a single timber trussed span of 50 feet is pro-
posed; for the Mahdapoor two similar spans, and for the Huttyhulla three
spans of 50 feet. All of these streams run eastward, forming after their
junction the Haringhy river, which joins the Cauvery s little above Rama~
sammy Cunavi. The Choranhully is narrow, and having a rapid longi-
tudinal fall, comes down with great force when in flood—a canseway is
therefore inapplicable, as also the maintenance of communication by mesns
of a ferry. I see therefore no other course than to construct the bridge
as proposed. The Mahdapoor has already had a rough stone causeway
thrown over it, which has perfectly withstood the last two monsoons. As
it answers every purpose of cart traffic for nine months in the year; and
as further, the communication during the remaining three, is now main-
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tained by besket boats, (two wretchedly small affairs which should bs
replaced by a proper ferry boat,) I do not see any very urgent neceseity for
bridging the stream. The same remarks apply to the Huttyhully, across
which the Executive Engineer is abont to construct a canseway, similar to
that at Mahdapoor.

The next work of communication now under execution by this Depart-
ment, is the trace of the proposed line from Veerajendrapett, vié Am-
muty and Seedwpoor to Fraserpett—in all 28 miles. Of course, like
all Coorg roads, the trace is up and down hill, and crosses paddy flats
at every one or two miles. I found however the gradients all very fair,
the only real difficulty being in, and immediately leading out of, the town
of Veersjendrapett iteelf. Within the limits of the town, the main
streets of which have gradients of 1 in 10, it has been found necessary
to bring in the new line from the Mercara road, and then take it by &
sig-zag up the face of a hill to the east and over a saddle.

In addition to the roads designed, and carried out from Imperial funds,
others are now being constructed by planters from their own private
means. Though not having personally inspected these, and thus unable
to offer any accurate information regarding them, I think it only right to
place on record, however imperfectly, the facts connected with this new
and encouraging element of advance, and have therefore shown roughly
on the map, the direction of two of the most important of the lines in
question,.

Having now shown generally the condition of the existing work in
Qoorg and what rectifications are urgently called for, I now turn to a
matter of very nearly equal importance, namely the communications need-
od to keep pace with the rapid spread of European enterprise in nearly
every part of the Province.

The Bsgamungalum-Soolesh road, has already been sufficiently alloded
to. That proposed from Veerajendrapett, vid- Nalknad to Bagamungs-
lum,  would if added, open up probably the finest forest land in the coun-
try, and with the Sooleah road, supply & through independent Western
communication, valuable alike for commercial and administrative purposes,

The next line, namely, that proposed from Veersjendrapett to Wynaad,
would I presume lead, as I have reughly shown on the map, through the
town of Kuggutnad, and I would recommend that advantage be taken of
this new proposed line to Kuggutaad, to open an entirely new road-over
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this portion, tending more to the east where the lie of the ground appears
favorable,

From all that I can gather, it would appear that Kuggutnad in addition
to this direct conmection with Veerajendrapett, would equally need a line
leading eastward towards Mysore, joining the Anchowkoor road at soms
such point as Tittamutty.

The Seedapoor-Fraserpett, and Seedspoor-Periapatam proposed lines,
have already been sufficiently adverted to above ; it only therefore remains
to note that from Fraserpett to Somwarpett, on the Mercara-Codlipett
road. The necessity for this road has long been urged, I have therefore
roughly shown on the map the direction it would take.

The total length of these several district roads may be assumed roughly
at 156 miles. To attempt to open these, as fully bridged eart roads,
even without metalling, would certainly not cost less than Rs. 3,500
per mile, or a total of Rs. 5,46,000, an amount that with the more urgent
calls for rectifying the defective ghaut roads and other engagements, ren-
ders it impracticable to aim at this high standard. The main object, which
is to execute these works at once, would moreover be defeated. After
giving every consideration to the subject, I venture to believe that the
real wants of Coorg, would be met by & system of roads suitable to pack-
bullock traffic, but traced with such care and deliberation, that they may
be individually worked out to cart roads, the moment fands can be spared.
Such roads, three yards wide everywhere, with log bridges, maximem
. gradients on all straight portions of 1 in 19, and a, all bends, of 1 in 22,
and having causeways over the largest streams, could, I am satisfied be
opened for Rs. 600 per mile, allowing the whole network to be executed
for Rs. 93,000—or, if the work is to be done in four years—requiring an
assignment of say Rs. 25,000 per annum, in each successive Budget.

Very lLittle more than the actual tracing need in practice fall on this
Department, as I have no doubt the planters would find it for their own
interest, to take certain lengths of line in their neighbourhood upon con-
tract, and work them out by estate coolies. Nay more, I should think,
they would be perfectly willing to do the work at once, if guaranteed
repayment by Government within the specified four years. However, this
is a question they can better answer for themselves. It is clear that for
them to do the work, would disturb the labor market less than if we did
it, and being all of & simple nature and precisely similar to work done
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every day on the estate, I think it would be found to answer. The
Executive Engineer should of course alone lay down the trace and speci-
fication for the work, naming the terms, and exacting the strictest adher-
ence to all, on penalty of non-payment. The interests of sll parties it
seems to me, would thus be met.

As showing the importance of such a system of roads, I would beg to
make & brief quotation, from an able and suggestive article on * the South-
emn Ghsuts,” in No. LXXVTI. of the Calcutta Review, for 1863. The re-
viewer observes: ‘ We have stated above that in 1858, the Madras Com-
mission on Public Works found that the roads of Canara were returning
to Government a nett profit of 20 per cent. from the two sources of land
and salt revenue; we shall now take the ten years from 1851 to 1860, -
and show what has been the progress from about the last year, on which
the Commission forwarded its report, to the last at our command. Omit-
ting all fractions below a quarter of a lakh, we find that the import trade
rase within the above period from 4} lakhs to 25} lakhs; the value of
exports rose from 30} to 1024 lakhs; thus the whole trade increased from
843 lakhs to 127§ lakhs. In the same period, the salt revenue rose from
£14,000 to £81,000; that is to say, was more than doubled "—and more in
the same strain. Since this remarkable statement was made, the spring
which has been given to enterprise in Coorg, has mainly taken place, and
if we could only analyse the returns, the direct gain by Madras would,
I am ‘satisfied, be shown to be equal to the whole demand I have ven-
tared to claim for the Public Works in Coorg.

Before closing this Report it is necessary I should remark that in the
matter of labor there are great difficulties in this province. During the
monsoon, when the ghaut roads require close daily’ attention, hardly a
man is to be had. Mysore coolies who all belong to the agricultural class,
bave by that time mostly vanished, or find easier and more congenial
work gn the coffee estates, where each man in addition to his 4 annas per
diem, can turn a few annas by the sale of firewood, &c. Mapillay coolies,
who require Rs. 10 per mensem, will only work in the low country at the
foot of the ghauts. Madras men will again only work on the Periam-
bady-Anchowkoor road, salt fish being easily procured there, &c.

The extreme unhealthiness of portions of the ghauts also frightens
labor away from our works. Not a single cooly can at times be induced
to go down the Sumpagee ghaut in the monsoon. Many years ago

VOL. HIL 21
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Oaptain (Major-General) Frederick Cotton, proposed to establish single
cooly huts at every mile, but this as well as other similar attempts in the
same direction, have failed signally. Mr. Stoddard has however now, with
the sanction of the Chief Engineer, commenced the construction of per-
manent cooly lines at convenient distances and im comparatively healthy
localities. Nine of these now in hand are shown on the map. A small
" hut attached answers for the road overseer. This system oertainly holds
out fair hopes of success, but still Isbor must remain precarious and ex-
peasive, coming as it does from a distance.

P.S~—8ince writing the above, I have incidentally learned that the
same hurrying down of floods adverted to above, accompanied by breach-
ed roads and blown up bridges, followed the first clearings in Ceylon,
but that some kind of equilibruim has been of late years established by
a sensible falling off of the yearly quantity of rain—to the extent of ong-
third the previous amount. My informant, however, could neither afford
me accurate information nor refer me to any printed record. Should
this ehquiry prove to be well founded, a serious question will follow as to
the effects of clearings on the summer water of the Cauvery snd the
irrigation dependent thereon.

R. H 8.
BAXGALORE,
11¢th November, 1865. .
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No. CXIII.
ON THE THEORY OF ARCHES.
Br Arzxaxpsr H, MacNarz, EeQ., Resident Engincer, E. 1. Railway.

Tais paper is an attempt to construct a theory which shall be of practical
value, and to demonstrate the same without the aid .of the higher mathe-
matica. In order to present it in a form sufficiently complefe to be
intelligible, within the limited space which can be afforded, much of the
reasoning ig merely indicated, and no effort has been made to distingnish
what is novel from that which is only a reproduction of the works of
others. '

Morion As orPosuD To SraBiLiTy.—The failure of an arch or other
building implies motion among its parts, for it cannot be said to have

A stone resting on the plane AB, Fig. 1, and still remaining in contact
with it, may be moved in either of the following ways :—1st, It may slide
towards A or B. This is called motion of translation. Or 2nd, It may
turn on the edge A or B. This is called motion of rotation. Or 3rd, It
msy by increased pressure approach nearer to AB, or vice versd. If the
pressure is insufficient to crush the stone, it will tend to produce rest or
stability, but otherwise motion or failure. And no other kind of motion
can take place in the stone still remaining in contact with AB, which is
not a combination of some or all of the above.

Now, if the pressure be unequal, the stone may be crushed at one end
of AB and not at the other, causing a motion of rotation ; the centre of
which is a point between A and B. And this js the only case which occurs
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" in practice in an arch. Therefore the stability of arches is endangered only
by unequal pressure.

[Throughout this paper the points of sapport of the arch are regarded
as immoveable. ]

Tue Lixe or Pressure.—Let Fig. 1, be the vertieal section of a stone
of equal thickness, passing through G its centre of gravity, and intersect-
ing its horizontal plane of support in the line AB. It is evident that the
line of direction (of gravity) GC bisects AB, that the pressure on AB
is equal everywhere, and that the total pressures on each side of GC are
equal to each other.

In Fig. 2, let the shape of the stone be altered, its weight and other
conditions remaining the same as before. Then the total pressures on
each side of GC, are still the same, but the pressure is greater at A
than at C, and at C than at B, ‘because C is nearer to A than to B.

If now, as in Fig. 8, we make CD = CA, and cut off that portion
of the stone supported between D and B, and support it on the stone itself,
80 that the centre of gravity remains on the same vertical line, the area of
support is thereby diminished, at the same time that the pressure at A is
reduced, because the pressure on AD is now made equal everywhere.

In Fig. 4, let GC be the line of direction (of gravity) of an arch stone
supported on AB. The pressufe is grestest at A.

In these examples GC is the Line of Pressure.

But the arch-stone may be acted upon by another force besides its
weight, ag for instance, an external force in the direction DE, Fig. V.
Then the centre of pressure is at E, where this intersects the direction of
gravity. And the Line of Pressure is in the direetion of the resultant of
of the two forces, intersecting AB in some point F; and the pressure is
greatest at A or B, according to their proximity to F, and equal every-
where only if F bisect AB.

To put these results into the form of a definition. In the vertical
section of an arch, at right angles to its axis, there is & line of contast
between every two adjacent voussoirs, and & point in that line which
divides equally the total pressure exerted by these voussoirs against each
other. The line which passes through all these points is the Lixx or
PRESSURE.

" [T have pursued this investigation on the hypothesis that the material
i8 compressed, and that the resistance developed, (which is the pressure,) is
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correctly measured by the amount of compression. The following is the
result in algebraic symbols—

a = AF. ; ‘

B 5 4 2 ad — 4
b=FB. 3=P'+ba+aa‘ Lety =0 _
p =pressureat F (mean) then z = pv/2

a4 2 ab - a?

a = ditto A (grostest)| y = p='+ TP

y = ditto B (least)

and b = a (2:4142)

so that if AF is not more than two-fifths of F'B, there will be no pressure,
but an open joint, at B.]

Before proceeding to the next head, it is necessary to define the sense
in which certain terms are used in this paper.

Moving Load requires no explanation. ,

Pehanent Load is that which is necessary to render the arch useful.
At the crown of the arch there are always the arck-stone and the: perma-
nent load on it, and occasionally the moving load also. The permanent
load is uniformly distributed over the span of the arch, -

Backing is that which remains on the arch-ring when the moving and
permanent loads are both taken away. It is more or less essential to the
stability of the arch, and in reference to its weight, must always be taken
into consideration along with the arch-ring.

Arch-ring requires no explanation.

Structure includes all of the above except the first.

CAvsEs WHICH DETERMINE THE LINE oF PRressure.—lst. Weight of
Structure—In illustration of this I shall consider one case, viz., that in
which the structure is designed so that the Line Pressure shall bisect all
the lines of contact. And for the present let the Permanent load = 0.

In Fig. 6, let HI, IK, be straight lines joining the centres of gravity
of three arch stones, of such dimensions that the horizontal distance of
I from H is equal to that of K from I. It is required to determine
the conditions of stability of the middle stone, so that the Line of Pres-
sure may pass through the points H, I, and K. .

The diagram itself will show how this is accomplished. The point I is
kept at rest by the equal and opposite horizontal forces, LI and NI, and
the vertical forces PM 4 MI, which are together equal to the opposite
force OI. Now MI is the whole weight supported at H; and because
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this is not sufficient at I we have to add PM, which mast therefore be
the weight of the arch stone at I, and the backing directly sbove it. It
remmins to calculate PM.

In Fig. 7, we pass on to the oconsideration of blocks of masonry
having their centres of gravity in vertical lines which are at equal dis-
. tances from each other. These blocks make up the structure, which in
this caso consists of the arch and backing alone. = And by comparing
Figs. 6 and 7, it is evident that to calculate PM for any one of the
vertical lines, we must find the length of the portion cut off from that
line, and deduct from it the length of the portion cut off from the line
before it (towards the centre). The remainder is PM. "This can be done
in various ways.

Tables are given below for Radins divided into 10 equal parts. Their
application will be readily understood, bearing in mind that PM, at the crown
is half the weight of the vertical block, and in every other position itfis the
whole weight. The first three Tables are general. No. IV. requires to be
made out for each arch, after the Radius of the Line of Pressure and depth
of the key-stone are known. It is subdivided to show the difference in
backing between two arches otherwise alike, caused by a difference in the
depth of the arch stones, which is worthy of notice. Fig. 8, shows two
semi-arches drawn according to this Table.

Raprus piviDED INTO 10 EQUAL PARTS.

RADIUB = UNITY. RADIUS = 10 FEET.
No. of Table L. Table IT. Table ITL. Table IV.
i it ht of Height of
oem Differences of Height ht
Versed sines. | Yoreed sines :‘; e Do {‘q&'_:o;,"“ g,g'gg:n
g = =
S e 7. | Taueof M. 1 fook. 2 foet.
[\] -0000 -0050 0050 100 200
1 0050 0152 0103 103 204
3 0202 0259 0107 107 214
8 0461 0874 0116 116 230
4 *0835 0505 01381 181 262
b *1840 0660 0155 156 810
6 2000 0859 0199 199 398
7 ~2859 *1141 -0282 2:82 564
8 *4000 *1641 *0500 500 1000
9 5641 4869 2718 2718 54-86
10 10000
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This reasoning is Delieved to be correct for that portion of the arch .
which is near the crown; for there are no forces acting on it, except its
own weight, and the resistances by which it is supported. But as we ap-
proach the abutment, another force comes into operation which increases
the stability of the arch without adding to its weight. In Fig. 9, let
PM be determined by oconvenience instead of calculation, and be less
than O — ML Theén making IU = IP, there remains & horizontal
thrust VN to be balanced. This will be accomplished if we have on the
abutment at or above that height, a weight of masonry sufficient to resist
the horizontal thrust VN by its friction, the abutment itself being im-
moveable. Fig. 10, shows the same two semi-arches designed according to
these principles, The $wo vertical dotted lines show the theoretical
division between the backing which acts directly by its weight, and the
masonry which acts by its friction. The horizontal dotted lines indicate
the points in the Line of Pressure which receive support from this last,
and the figures ountside give the sectional area which I have calculated is
required at each point. The whole horizontal thrust of the arch must of
course be balanced by the whole frictiot developed. It is only farther
necessary to provide against the backing being overturned, which I have
here done by extending its base. This is not advamted as a desirable
model to copy in actual construction. It is the development of the
theoretical prineiples on which we should design an arch, to stand even
when built of very soft materials, because they would be used to the best
possible advantage.

We have hitherto conskdered Permanent load = 0. But to make the
.arch of use there must be some permanent load. It will form a portion
of PM at each point, but the relative values of the different PM
will remain as before. Indeed there is no reason why the moving load
also should not be included in PM, a8 we shall see further on.

Snd. Elasticity of the Materials of Comstruction.—The most general
notion of elasticity is an effort on the part of the elastic substance to assume
its normal shape. Those dimemsions which have been extended tend to
reduotion, and those which have been compressed, to increase. As we
sesume no adhesion in the materials of the arch, the elasticity in this
case includes comprossidility alone. If the.compressibility were great, it
would materially affect the Line of Pressure, by shortening the arch after
it was built. But i is so amall that we may neglect its operation in thia
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respect. It affocts the Line however through the masonry which acts by
its friction. For this masonry exerts no pressure on the arch {ill it is
first pressed by the arch, which the compressibility of the material does
not permit without an sncrease in the length of the radial line, accom-
panied by a decrease at some other point, probably at the crown. Hence
the form of the arch undergoes alteration after it is built, in consequenca
_ of compressibility. It is enough to direct attention to this fact without
attempting to push the investigation further. We cannot prevent the
operation of the cause, but we may do something to neutralize its effoct:
in practical construction.

8rd. Moving Loads—~We have seen that we may construct an arch
so that the Line of Pressure shall bisect the lines of contact under one set
of conditions. The converse of this is a problem much more difficult to
solve, viz., to determine the position it will assume under different condi-.
tions.

If we fall back on the principle of applying more weight to counteract
the horizontal thrust as the resultant becomes more nearly vertical, we
shall find that the weight required at the springing of a semi-circular arch.
is nothing less than infinite. Hence we might be justified in concluding
that the Line of Pessure will bisect the line of contact st the springing or
a little below it, and that this result Would not be affected by any change in
the moving load which is finite. There is no doubt that this conclusion:
is theoretically perfectly correct, and thers seems to be no reason why the
Line of Pressure should not follow exactly the same curve, when we balance
by other means the horizontal force for which this infinite weight was
required. The subject is difficult to resson upon and not direetly profit-,
able, for there is no practical question as to the stability of the lower part
of a semicircular arch. And .we shall fall into no practical error if we
assume that the horizontal distance between the extremities of the Line of
Pressure does not vary, whatever may be the variation in the load, and
adept this principle as the ground work of our reasoning in arches of
every varioty of form—segmental, elliptic, or otherwise.

If a given load be placed in any position on.an arch of which this
principle is true, we know at once how much of its weight is supported.
at each end of the Line of Pressure, because we know its horizontal dis-
tance from each end. And we shall determine the amount of horizontsl
- thrust due to the load, if we can ascertain the vertical position.of its point.
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of support. Now, this is approximately the same as that of the block
of masonry on which it rests. If we assume them to be identically the
same, we may combine the pressures of the structure, and the moving load,
both vertical and horizontal, and so ‘construct a curve which will vary
but very slightly from the actual curve of the Line of Pressure. (Figs.
11,12, 13.) But after having determined the shape of the curve, and
knowing the horizontal position of its extremities, we have yet to fix
its position vertically, which we may do, approximately, by taking into
consideration the elasticity of the materials. For we know that the pres-
sure on the outside of the arching will be greatest at @, and on the inside
at b, and that the Line of Pressure will adopt such a position as to equalize
these greatest pressures. And without entering into calculations it is ,
sufficient o suppose that this is accomplished when the curve at a and b
is equally distant from the line which passes through the middle of " the
arch ring; by which the vertical position becomes definitely fixed.

‘We can thus determine the Line of Pressure when a given load is placed
on an arch, in which the Line of Pressure would pass through the middle
of the arch-ring when there was no load on the structure. Conversely
we may design the arch to satisfy this condition when a certain Moving
load is on the structure, and then determine the position of the Line when
any portion of this load is taken away. This is the method here adopted,
for the following reason :—

Let n = greatest Moving Load which can possibly be placed on one divi-
sion of the arch, of which there are 20. Then the whole load may pos-
sibly be 20n, but not more. And as. this will cause the most severe test
which can be applied, we ought to design the arch so that the Line of Pres-
sure shall pass through the middle of the arch-ring when the load is 20n.

Figs. 11, 12, 13, show the position of the Line of Pressure, calculated
according to these principles under several different conditions.

In Fig. 11, the semicircle shows the Line of Pressure under the maxi-
mum load (207), and the other curve shows it when all the load is removed.

In Fig. 12, the sharper curve shows it under a load of 7n applied at
the crown, the remsining load of 18n being removed from the haunches
(64n from each side). The disturbance of the Line under this load is a
maximum, that is to say, it would approach more nearly to a semicircle, if
the load were either increased or diminished. The flatter curve shows the

Line of Pressnre under a load of 9n applied at the haunches (44n on each
VOL. IIL 2x
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gide), the remaining load of lln being removed from the crown. The
disturbance in this case also is & mazimum.

Fig. 13 shows the Line of Pressure when the load is removed from
one side altogether, and also from the central division, being the nearest
approach to an arch loaded on one side only, which the present method
of investigation admits.

These curves are calculated on the hypothesis that .the load n is equal
to 4 times the weight of the block of masonry whose centre of gravity
lies in the vertical radius, which is of course greatly exaggerated. I have
done 50 to show & sensible difference between the different curves, on the
small scale on which they must be printed. With the exception of the
semicircle they are, as explained, only approximations, but probably close
approximations, te the true curve of the Line of Pressure undgr the con-
ditions indicated. :

The effect of velocity in increasing the pressure of a Moving load is &
consideration closely connected with this subject, regarding which however
there is but little known even in the case of iron girders, and still less in
any ofher.

DeprTH oF ARCH-RING.—An arch-stone may be considered in two ways,
viz :—1st, As a portion of the arch necessary to its stability ; and 2nd,
As a portion of the arch which enables it to carry loads.

1st.—In Figs. 6 and 7, I have illustrated the conditions of stability of
an arch constructed to stand by itself, without reference to its capability of
sustaining any load. The weights of different portions and the pressures
exerted by them are there measured by constant quantities, which must
bear the same proportion to each other in every case. If, therefore, the
material which we select to build the arch be sufficiently strong, the quan-
tity in which we use it is a point of no importance. If the arch can be
built of brick, it is just as strong if it be only one brick thick as if it were
ten. For every square inch of sectional area to support weight, we have
exactly the same number of cubic inches of material to be supported. We
may increase or diminish the quantity as we choose, but we can neither
increase nor diminish the pressure per square inch.

2nd.—Let us now consider the arch stone as & portion of the arch
which enables it to carry loads. If the material be, however little, stronger
than is necessary to support the arch, its remaining strength is available to
carry loads, Here the depth of arching becomes important, for the excess
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of strength in one. square inch of bearing surface becomes multiplied by
the number of square inches, and the load which the arch may sustain is
therefore in proportion to its depth. Moreover, if the load be not all
permsnent, there must be a certain depth in the arch-ring on account .of
the disturbance in the Line of Pressure caused by an alteration in the
moving load. Therefore an arch-ring which has to sustain any load,

requires a certain amount of depth to give it strength. And if any por-

tion of the load be variable, it requires a certain amount of depth to give
it stability.

Although it is necessary to consider the arch stone in these two ways
separately, in order to arrive at a correct notion of the duties which it has
to perform, we do not require to keep up the distinction any longer.
Having assumed the greatest possible moving load, we may combine that
with the weight of the structure. Then the arch-ring is of sufficient depth
when the two following conditions are fulfilled :—1st, The extrems pres-
sure must not be greater than the material can resist; 2nd, The depth
of arch-ring must be sufficient to permit the greatest possible disturbance
of the Line of Pressure without bringing it dangerously near to either
extremity of any one of the lines of contact.

This phrase ¢ dangerously near” has a precise meaning. When the
whole arch is uniformly loaded with its greatest possible moving load of
20n, the pressure in each line of contact is equal everywhere. When
any portion of this load is taken away, the total pressure on each line of
contact is diminished, but the Line of Pressure having been disturbed, it is
greater at one end than at the other. And if the pressure at either end
exceed the original pressure under the load of 20s, then the Line of Pres-
sure has approached ¢ dangerously near” to that extremity. '

The next step towards the depth of arch-ring is to ascertain the rule
according .to which it ought to vary in arches of different proportions.
The object in view is of course to secure an equal degree of stability in
each. Now the stability of the arch is affected by the four following
magnitudes :—1st, The radius of the Line of Pressure, or.(in less accurate
terms) of the arch at the crown ; 2nd, The depth of arch at the crown ; 8rd,
The weight of the structure; and 4th, The weight of the moving load.
Moreover, it is evident that if we increase the weight of the moving load,
or decrease the depth of the arch, we must increase the weight of the
structure, or decrease the length of the radius, to obtain the same degree

.
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of stability in the arch. Thig condition does not imply a proportion be-
tween the four terms, yet we see that if we make them proportional it will
be satisfied to some extent. For, if we make the radius to the depth, as
the weight of the strusture is to the weight of the moving load, then we
cannot increase the load or decrease the depth. without either increasing the
weight of the structure or decreasing the length of the radius. Bat it is
more in accordsnce with the principles already laid down to compare the
weight of the moving load with that of the structare and moving load
combined, which we may call the whole weight. Now let R = radius,
D = depth, L = load, W == whole weight; and let = load, and v =
whole weight, of an arch whose radius and depth are each = unity. Then
the proportion is R: D3 W : Lyorp = o Now, the load being
the same per foot run for every arch, may be expressed in general terms
L = Ri, and the whole weight depending on the length of radius and
depth of arch-ring, W = RDxr, whenoe the general equation becomes
%:-;;—;;D‘:Ré; D=VR/_3
so that the depth of arch should vary as the square root of the radius
1, . .

/ o being & constant quantity.

I have not been able to assign a value to this constant. The value
given in practical trestiges is 0-12 for single arches, and 0-17 for arches
in series. There is no doubt that these values have been arrived at by
careful comparison of good examples; whether the resnlt can be verified
by theoretical reasoning is a point I am at present unable to determine.
The proportion which should exist between ! and w is probably involved in
the conditions required to prevent the Line of Pressure from approaching
dangerously near to either extremity of the line of contact (see above).

If it be desired.to increase the depth of arching from the crown to-
wards the haunches, as is frequently done in segmental arches of large
span, the principles of this theory can readily be applied to lay down the
rule according to which the increase should be made. In Fig. 6, the
total pressure on I from above is HI, end on K is IK. Therefore, the
strength of the arch between I and K should be greater than that between
H and I in the proportion IK to HI. In Fig. 7, we may at once
proceed to the limit, and'make the lengths of the arcs cut off be the
measure of the depth st the middle of each arc. These arcs give nine
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dimensions, and we can slso find two more, viz., one at the crown where
the pressure is only horizontal, and its measure is one division (one-tenth)
of the radius, and the other at the springing, which is infinite,

This principle may be applied with advantage in very large segmental
arches, in which the rise is not more than one-fourth of the span, ses
Fig. 14, which is drawn according to the following Table, giving the
calculated depth for the nine intermediate points when the depth sat
crown is 1.

Horizontal distance. Depth, Horisontal distance, Depth.
Crown. 1:000 06 1-198
01 1-001 07 1-818
02 1012 08 1-522
03 1-083 09 1-928
04 © 1070 4509
o5 1120 Springing infinite,

Poixts or Ruprure.—If the theory now submitted be correct, we shall
be able to get rid of these points altogether. An arch designed according
to this theory, if it be loaded with its greatest possible load of 20x, has
then no points of rupture. It may fail if the material be simply crushed,
but not otherwise; for the Line of Pressure bisects all the lines of contact,
and the pressure in each of these is therefore equal everywhere.

Buch is the condition of the arch under the greatest possible moving load.
Therefore, we cannot possibly disturb the Line of Pressure, except by taking
away some of the load. Suppose we take away all the load from one side
of the arch and none from the other; then we have disturbed the Line
* of Pressure probably to the greatest extent possible, But we have also
reduced the moving load by one half. We must now ascertain whether
there is any portion of the arch-ring under these altered circumstances
which bears a greater pressure that it did at first. If there is not, then
there is no point of rupture. If there is, we may still hope to remedy
the defect by an alteration in the proportions of the structure and its load.

To ascertain whether any point of rupture does exist, is simply a
matter of calculation, which the theory shows us how to perform approx-

— -
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imately. Nor is this all; for the approximation may be used as a fresh
point ‘from which to start new calculations, the results of which will be
still more near the truth. And I have no doubt that by succeesive ap-
proximations we might attain to any required degree of accuracy. Thus
it may perhaps be possible to lay down a certain proportion between  and
w (see above) which will exclude the possibility of a point of rupture in
any arch designed according to the formula D = &/ R &/ -

Sumumary.—The propositions advanced in this paper are briefly these :—

1st.—That it is in our power to cause the Line of Pressure to bisect
all the lines of contact between voussoirs, under one set of conditions.

2nd.—That we should construct the arch so that these conditions shall
be satisfied when the greatest possible load is placed on every portion
of the arch.

8rd.—That the depth of arch-ring of an arch which does not carry
weight is independent of its span or radius.

4th.—That the depth of arch which is required in proportion to its
radius, depends on the proportion which exists between the weight of the
structure and of the moving load, and also in some respects on the velocity
with which the load moyes; and that the conditions of this latter relation
are but little known. _

5th.—That arches may be designed in which there shall be no points
of rupture, properly so called.

A HM
25th June, 1866.
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No. CXIV.

RIVER WORKS ON THE GOGRA.

Memorandum on the means employed for the demolition of Sunken
Trees and Kunkur Rocks on the River Gogra in Oudh. By LikuT.
W. J. CareoLr, R.E,

Tre banks of the Gogra for a large proportion of its course, from tife
north of Oudh to its junction with the Ganges above Dinapoor, eon-
gist of alluvial soil, deposited by the river itself in its higher floods, and =
liable to be demolished ag rapidly as they are formed; in their destruc-
tion, villages and trees are carried away, and the latter, when of any size,
generally remain fixed in the bed, and become dangerous obstacles to
navigation, more especially in the rains.

In addition to this danger, common to all rivers with allavial banks and
subject to severe floods, there are a large number of sunken kunkur rocks
and ledges projecting from the main bank where it is formed of that ma-~
terial. Many of these rocks are detached, but the majority of them are
connected with the bank by beds of kunkur at greater or less depths under
the surface. They are in fact but the more elevated portions of such beds,
and the complete demolition of a rock, would, in the majority of cases,
involve the removal, not only of such portions as appeared near or above
the surface, but also that of large contiguous beds in depths of several feet
of water, which is, a much more extensive operation than that generally
implied by the “ removal of a sunken rock.”

During the last two cold seasons, works have been in progress for
the removal of these dangers. In the case of trees sunk in the channel, no
Jdifficnlty has been found that cannot be easily surmounted; but the
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method that has been used for the removal of those buried in sand below
water-mark is still open to improvement. For the removal of kunkur
rocks, no large operations have been yet undertaken, and the mode which
has been employed in the little that has been done, may, perhaps, also be
improved upon. Operations were commenced last year under unfavorable
circumstances, and without the time for procuring proper appliances ; the
means first employed will therefore be quoted rather as examples of what
to avoid than of what to imitate ; in this way they may be of some service.

It is necessary, in the first place, to describe the general features
which produce the difficulty of removing a sunken tree. The current of
the Gogra flows in many places 2} miles. an hour, or 3-6 feet a second.
This speed is quite common round the edges of a kunkur rock, or between
the branches of a sunken tree; in many such places it is much higher
than this, and as the pressure of the current is proportional to the square
of the velocity, the difficulty of working boats, or placing charges of gun-
powder may be considered to increase in the same ratio. The trees are
found sometimes wholly, sometimes partially, immersed in the channel, or
they are found partly or wholly buried in the sands, and only creating
danger in the rains, when the floods rise over their branches and hide
them ; or they are found thrown up on the.sands and not imbedded, or
lying fallen on the banks ready to be swept in at the next floods; but
wherever they are found, they offer a very indifferent mark for the action
of gunpowder. The roundness of the branches and their small surface
compared with their strength, the toughness of the roots, and the massive-
ness of the stem, combine to make the removal of a large tree a tedious
and difficalt matter. It presents no large and weak surface like the hull
of a sunken ship, and it lies usually in shallower water which offers lees
resistance as tamping to the charge. When broken up, the pieces, often
of great weight, have to be dragged in and lifted up upon the high main
bank, to prevent their being again carried into the river during floods,
and becoming fresh obstacles. The above description applies to the
Iargest class of trees, of which many have been found with stems 10 feet
and more in diameter. The removal of a small tree is of course propor-
tionally easier. A ‘

The means employed for the blasting of trees last year, in the absence
of better ones, were charges of from 25 to 50 bd. of gunpowder, con-
tained in tin cylinders, and fired by means of tin tabes rammed with fuze
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composition, and attached to the cylinders by a water-proof joint. The
cylinders were provided with loops of iron-wire projecting from the side,
by means of which they could be lowered into the selected spot, by sliding
them down bamboos, previously driven in and stayed against the branches
of the tree. This method of placing the charge has been retained, as it is
found that no moderate weight attached to the cylinders will retain them
in their places in a strong current, and because in many places a diver
cannot be safely sent down to place the charges.

The mode of firing by fuze tubes was abandoned as soon as possible; it
was very inoonvenient at any time, and the tubes were liable to break ;
they were also very uncertain in depths even of 6 feet, and they could not
be employed at all in considerable depths.

Bickford's fuze was not procurable at the time, and Brunton's water-
proof fuze, though obtained, was not of the quality fitted for burning to
any depth under water with certainty. Bickford's fuze has since been ob-
tained from the arsenal at Allahabad, bpt has also proved uncertain in
depths of from 10 to 15 feet. However, I am not aware whether it is
of the same quality as that employed in submarine works in England, and
denominated Sump fuze ; and it is moreover, possible, that the working

_of the fuze, and the friction against the branches of the tree caused by the
strong ourrent in which it was here used, may have rendered it less water-
tight than it would be in still water.

A third method of firing charges employed last year, and in the present,
has been found very effective and,—granted that the cylinder and tube
have been properly tested,—it is perhaps the most certain of all. Instead
of the thin tin tubes above described, a tube of about three-fourth inch
diameter is em‘ployed, and soldered into the cylinder near one edge. A
thin bamboo lashed to the cylinder and tube secures the latter from being
injured, and the cylinder and tube thus prepared and tested can be stored
in the magazines ready for use. The testing is done simply by filling the
cylinder with water, through the tube, till the latter is full to the top. If
the cylinder will stand the pregsure of a 10 feet head of water thus applied
without leakage, it will bear to be immersed (when filled with the charge)
to a depth of 15 feet, or if very tightly filled, to a depth of 20 feet. The
charges thus prepared may be placed, as before descnbed, by sliding them
down on bamboos into the chosen spot. The firing is effected in tho
following way, which I believe to be novel. Into the top of the tube,

VOL. IIL o ) 2L
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which projects above water, is fixed a fuze which is rammed in a tin tabe
9 inches long and of & slightly conical shape. The composition of the
faze contains near its head a pellet of iron of about half the diameter of
the lower end of the tabe. The burning of the faze makes the pellet red-
hot; it is prevented from blowing out upwards by two cross wires, and
oonsequently when the fuze has burnt out, the pellet drops through the
tabe, and ignites the gunpowder. A large number of charges have been
fired in this way, and no failure has ever occurred through the pellet’s not
falling or not being hot enough. Charges thus prepared have been used
in from 15 to 20 feet of water, and it is manifest that with flexible tabing,
such as block tin gas-pipe, that they might be employed in much greater
depths and with some advantage where time did not admit of the con-
struction of a galvanic battery. The fuzes should be rammed with ordinary
fuze composition, which is a mixture of—

» oz,
Saltpetre, . . . . . 3 4
Sulphur, . . . . 1 0
Mealed powder, . . . 2 12

sud care should be taken that the pellet is always considerably smaller
than the tube it has to fall through, and that it is not angular in shspe.

But though the above may be a better method than employing quick-
match or filling the tabe with composition, where, for want of better
means, it has to be employed, it possesses all the objections common
to the tube system, and is altogether a less workman-like way of proceed-
ing than the use of the Galvanic or Magnetic Battery. The former has not
been employed on this river; for thongh one was constructed, the materials
st hand were not sufficient to make it of the required power, and it was
put aside for fature completion. Full information on the subject is given
in Volumes IV., VL, and VIL of the ¢ Professional Papers of the Royal
Engineers,” new series, and in Mr. Tresham’s pamphlet on its employment
on the Ganges River works.

The Magnetic Battery has been employed this year with success, snd
though the mode of using it and the construction of the fuzes are smply
detailed in Messrs. Wheatstone and Abel's Report on the subject in
Volume X. of the Professional Papers, Royal Engineers, part may be
repeated here in order to render the account of the rough but effective
faze here employed more distinct.

The ordinary fuze consists of a wooden plug carryinga gutta-percha core in-
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serted through its axis, and containing two fine copper wires insulated from
each other. The core projects three-fourths of an inch from the lower extre-
mity of the plug, and its end is cut off clearly, 8o as to expose the extremities
of the wire, which are one-sixteenth of an incl apart. The upper ends of
these insulated wires are separated from each other, and put into connection
with two small copper tubes or eyes, which are fixed cross-ways in the head
of the plug. These eyes are intended for the reception of the main wires
of the battery, and the current in passing has to flow by the insulated wires
contained in the core of the fuze, and to leap the interval of one-sixteenth
of an inch which separates them. To enable it to do this, the exposed ends
of the wires are covered with an explosive composition of feeble conducting
power, consisting of an intimate mixtare of the following ingredients :—

Sub-phosphide of copper, . . . . 10 parts.
Sub-sulphide » . . . . 8
Chlorate of potassa, . . . . 15,

About a grain of this composition is inserted into a small cap of metal foil
which is twisted on the end of the gutta-percha’s core ; and the bursting
charge is contained in a tin tube of & few inches in length, which is fitted
on to the end of the fuze plug, apd corked at its lower extremity.

When the faze is about to be used, and has been prepared in the man-
ner described, the end of the wire which leads from the battery is pressed
into one of the copper eyes, and another shorter wire is pressed into the
other eye, and its upper extremity put into connection with the outer sur-
face of the vessel containing the charge, if it be of metal or with a metal
plate attached to it; if it be of wood, the circuit through the fuze and
main wire is completed by the water between the surface of the cylinder
(or the metal plate), and a metal plate attachéd by a short wire to one of
dhe poles of the battery, and immersed in the water. The neck of the
cylinder through which the fuze has been inserted is of course stopped
with a water-tight plug. The charge being thus prepared and placed, the
boat containing the magnetic battery is withdrawn to a convenient distance,
and the charge is fired by a smart turn of the handle of the battery, which,
by causing the armatures of the magnets to rotate before their poles, pro-
duces the succession of induction current necessary for ignition. The main
wire leading from the battery must be carefully insulated from the water,
and the connection of the return wires with the water carefully made. The
other connections with fuze and battery need not be made with as much
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care as when working with the galvanic battery; for, here we have to deal
with electricity of higher tension than is produced by any galvanic battery
of moderate power. .

This description of the faze and its use, all of which may be found in
greater detail in Messrs. Wheatstone and Abel's Report, above referred’
to, will enable me to dispose of the rough, but effective fuze, here employed
in a few words. In place of the wooden plug, a cork is employed, which
does the double duty of holding the gutta-percha core and of corking the
cylinder. The core itself, instead of the carefully manufactured article above
described, may be simply made by taking two pieces, each a few inches
long, of single insulated copper wire cut from the coil employed as main
wire, cleaning them for about half their length, and fozing them together
by passing a hot iron over the gutta-percha with which they are covered.
They are then pressed together till the ends of the wires are one-sixteenth
of an inch apart. A shorter interval may be employed with advantage, say
one-twenty-fifth of an inch. This core is passed through the cork, and
the portion of the fuze wires which have been cleaned and exposed, project
above it for the purpose of making connections. One of these, supposing
the fuze to be primed and placed in the c;linder, is bent over and put into
connection with the metal of the cylinder, generally by folding it up with
a little slip of tin projecting from the neck; the other is put in eonnection
with the main wire of the battery.

The priming of the fuze is previously effected by cleaning the inner end
of the core, wrapping a small paper cartridge round it, inserting a grain of
the magnet fuze composition, and filling the rest of the cartridge with
mealed powder slightly rammed, to prevent it and the fuze composition
from separating from the end of the wires. The end of the cartridge may
be plogged with wax. This small cartridge is quite sufficient as a bursting,
charge for 50 b. charges ; but for larger charges, a larger one would be pre-
ferable, and could be tied round the cork, which would then be passed
altogether into the charge, and other arrangements made for corking the
cylinder.

A water-proof substance must always be employed to cover the top of
the cork, and protect the connection of the main wire with the fuze which
is just outside it, from the water. The substance here employed is thst
called Kitt composition ; it consists of a mixture of the following ingredi-
ents, slowly heated together :—
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1be. o8,

Resin, . - . . . . 7 . ‘8
Pitch, . . . . . 6 14
Bees’ wax, . . . . . 6 14
Tallow, . . . 1 14

In warm weather it should be kept cool in water, or it becomes too soft
to use with convenience ; in other respects it is perhaps the best and most
flexible water-proofing that can be employed—an important point where
any faze or wire leading from the cylinder is liable to flexure or vibration.

The only precauntions that are necessary to be taken with these fuzes, be-
yond the perfect insulation of the main wire from the water, are that its
connection, which is just outside the cork, should be kept out of contact
with the surface of the cylinder, and that the cylinder itself should not be
washed over with any water-proofing which would insulate it from the wa-
ter and check the return current. The main wire should also be tied to the
cylinder, s0 as to prevent any strain coming on the fuze or its connections.

The percentage of failures with these fuzes has been exceedingly small.
Out of 60 charges lately fired in depths of from 8 to 20 feet of water, and
varying in amount from 50 to 450 Ibs., there have begn only two failures;
and these were due probably to defective insulation of the main wire and
not to the fuze.

The Magnetic Battery and insulated wire were obtained from the Tele-
graph Department ; the latter is copper of about one-eighteenth inch diame-
ter, coated with gutta-percha. The battery is contained in a box about 14
inches square and 9 inches high. Its great advantages over the Galvanic
battery are, that it requires the use of no liquids; it is always ready for
use; its power is constant ; and it is more compact and less liable to injury.
The magnet fuze composition I obtained through the kindness of Lieute-
nant Wallace, R.E., who employed it in somewhat similar operations
on the Hoogly. He had the ingredients prepared, I believe, at the Cal-
cutta Mint, but as it may sometimes be impossible to procure it, it is
important to know a substitute. Mealed powder* when moistened to &
certain extent is an excellent one. The mode of preparing it is des-
cribed in the Royal Engineers’ Professional Papers before referred to,
but may be repeated here. Dissolve chloride of caloium in aleohol till
the solution is eaturated ; steep mealed powder in it till it has thoroughly
imbibed the alcohol and with it the chloride of calcium. Dry the mealed

* Could not be depended on during the hot winds or very dry wosther.—W. J.C.
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powder completely, and preserve it so in a closely stoppered bottle.
When required’for use, a few minutes exposure to the air will, by absorp-
tion, render the powder sufficiently moist for use; this may be known by
its showing a tendency to collect together into small granules. "It may
then be used in precisely the same manner as the eulphide of copper
composition. Twelve or fourteen trial fuzes have been fired with this
composition in succession without failure, but it has not yet been employed
in place of the magnet fuze composition; the trial was considered to
prove that it was sufficiently certain for ordinary use. Mealed powder
may also be moistened to the proper degree for priming fuses by simply
folding & small quantity in thin cloth, and breathing through it. Itis apt,
however, to dry too soon, and it is not by any means certain of ignition.
Nothing further need be said on the subject of firing charges, but it may be
added that the charges in common use are 25 and 50 Ibs. ones, contained
in tin cylinders. For use in depths of 15 feet and less, these cylinders
require no strengthening, but for greater depths they should be strengthen-
ed with either stays or rings.

It will render this account more complete, to give a few instances of
the demolition of Trees, out of the number that have been removed this
year. .

In December, a large semul tree, lying 200 feet from the banks at a
village called Chupree, was removed by blasting. The depth of water at
the root, which lay up-stream, was 20. feet, and the current 2§ miles
per hour. A number of separate branches spread out under and above
water, and were demolished by separate charges of 25 to 50 Be. of
powder. The root and stem gave most difficulty; the latter was how-
ever broken by two successive charges and separated and dragged to
shore by crab-capstans. The root which spread out in irregular masses
to & diameter of 20 feet facing the current, resisted a great number
of charges, and several cylinders were broken on its projections; others
of the charges broke off portions, baut brought other new ones up to the
surface. The tree was finally demolished after the expenditure of 850 Ibs.
of powder. It would have been a manifest saving of time if a 400 .
charge could have been placed near the root, but -the strength of the
eurrent, and the shape of the root, rendered it impossible.* The crab-

® Large bosts conld not safely be got into position in front of such a tree, and even if they conld

s cask large enough to contain 400 Be. of powder would offer such s surface to the current ss to be
quite unmansgeable ; in some positions a cask may be sunk by another plan, described further on.
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capstans employed were roughly made, but "have proved very serviceable.
They are a convenient mode of obtaining great power, and a few carpenters
and blacksmiths can make up one in a day or two.

In February, a large tree lying near the bank at the village of Tajpoor
was removed. The stem was a mass of wood of about 10 feet in dis-
meter, and the same in length. The branches were demolished in the
ordinary way, but 50 Me. charges had no effect-on the stem. As its
upper side projected above the surface of‘the water, it was ultimately
split up by small charges placed in holes bored in the wood. Here also
a charge of 80Q or 400 Is., if effective, would have saved time; but neither
was there a good position for one, nor do I believe that it would have
had any farther effect than to throw the stem a short distance to one side
or other, as the wood was perfectly sound, and of great strength.

Near the same place a large tree lying half on-the bank and half in
water was demolished by a 200 Bs. charge followed by a few small ones.
The charge was placed in a cask under & hollow of the tree and in the
water; the timber directly over the charge was about 12 feet thick, and
embraced a palm tree that had grown with it. The timber around it was
completely shattered by the explosion, but the palm itself was unhurt.
Here the good effect of the charge was due to the timber being rather
decayed, and to the good position in which it was placed.

In February, two trees, each 9 or 10 feet in diameter, were removed
from the river at the village of Belthfah. The water was too shallow for
the use of large charges. On one of them a few 25 to 50 s. charges
were first employed, and the stem was lifted out of the sand so as partly
to project above water; it was then split up by small blasts placed in
the wood, and its demolition completed with 25 and 50 Ibe. charges. The
other tree was removed in the same manner, and in both cases the frag-
ments, which were large, were dragged out by three capstans working to-
gether, and hauled up the main bank by an English gyn. Attempts made
at the same place to remove a sunken banyan tree were unsuccessful.
The roots resisted several small charges, and ultimately a charge of 165
The., and a force of 10 tons applied by means of capstans and cables, had
no effect in tearing fhem asunder.

In February, a large tree lying on the sands above the water level was
demolished by means of two 25 Ts. charges, fired simultaneously in the
following manner :—From the main wire of the battery, a branch was led
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to each charge, and as the cylinders lay in dry sand, whereas a moist con-
nection is necessary to complete the return circuit, the return wires of the
fuzes were connected with metal rods driven down into the sand till
moisture was reached. To make the connection more perfect, water was
poured over each cylinder and the sand round it. The battery was 400
yards away at the edge of the river. The return wire and plate were
immersed in the water as usual. Both charges ignited perfectly simulta-
neously. .

In March a large tree lying in deep. water and a strong current at the
village of Tickyah, was partially removed. Here also two charges were
fired simultaneously, but with little effect ; ultimately a charge of 450 Tbe.
was sunk and fired in the following manner:—A cask was prepared and
tarred, and two rings of hoop-iron were nailed on its ends, so as to project
from its sides and allow it to slide down a rod. A bamboo 4 inches in
diameter was driven in the best spot available, and the cask was passed on
to this by means of the rings; it then stood floating on the water in an
upright position and empty, but with the fuzes prepared aud inserted. In
this case the independent fuzes were employed, as it would have been a
difficult matter to recover the cask had one failed. The cask was filled
and sunk in its place in a depth of 20 feet, by weights; the bamboo was
securely stayed against the tree, and the main wire being connected with
one of the fuzes, the boats were drawn away, and the charge fired,* The
effect was not so good as might have been expected ; some lower branches
were separated and the tree was thrown into an upright position, but the
stem was quite uninjured. The remaining operations require no notice.

A tree buried in the sand and liable to become dangerous on the shift-
ing of the channel, was attacked in the following manner :—Its position
and size were firet ascertained with iron sounding rods. The stem was
found to be 8 feet under the sand, and 7 feet 9 inches under the water
level. A good position being selected, an iron tube 11 feet 6 inches long
and 1 foot in diameter, was driven down beside it to a depth of 11 feet by
means of a ringing engine. The tube was then bored out to a depth of
10 feet with a boring tool 10 inches in diameter, and provided with a lea-
ther sand valve. A 50 Ths. charge was passed dowp the tabe to that
depth, and the tube was drawn by a differential pulley hung to the ring-

® In this manner the drag of the current on the cask was rendered harmiless, and in spite of it, the,
charge was successfully sunk into its position under a perfect network of branches, in & place where
it would have been quite impossible to bring & large boat.
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ing engine. The charge was fired by means of a tin tube and pellet faze
but without much effect. It was neither large enough, nor had it been
placed deep enough. The tube should have been driven 12 feet deep, and
a 1001bs. charge placed at a lower level than the stem. Time did not
admit of repeating the operation, but the more dangerous part of the tree
was removed by other means.

In this operation the Ringing engine was worked in the following way :

—The rope attached to the ram was passed down, and through a block at
the rear of the engine; it was carried a long distance to the rear, attached
. to a peg, and worked alternately by two parties, one of which took it up
when the other dropped it, and the ram had fallen. In this manner near-
ly double the ordinary number of blows were delivered in a minute, and
the men were not fatigued to the ﬁsm.le:xtent; but of course a double
working party was necessary.

A large tree, lying in the sands near a village called Gyaspoor, was
removed by small blasts fired in holes made by means of a lever drill.
This drill, which was made up out in camp, eonsisted of an iron frame,
carrying a wheel 1 foot in dismeter, and working on a vertical axis. The
frame was provided with keys for clamping it on a square iron-rod 5 feet
long, and pointed at one end. This rod could be readily hammered into
the stem of any tree it was required to bore, and the drill clamped to it
could thus be brought to bear in any desired direction—vertical, sloping, or
horizontal—the axis of the wheel was pierced to carry a square iron-rod,
in the lower end-of which the drill bits were fixed. The upper end was
pointed, and pressure was applied to it by means of a lever clamped at any
required height to the rod driven into the timber. The drill was driven
from a 3-feet wheal placed in any convenient position; it was capable of
boring 8-inch holes with moderate rapidity.

The preceding examples are sufficient to illustrate the mode in which
‘the demolition of trees has been carried out. A few words msy now be
said on the removal of sunken Kunkur rocks.

The features that these rocks usually present have been already des-
cribed, and it only remains to state the means that have been employed in
attempts to remove them. The first trials were made last year on a small
rock of thin kunkur, lying in from 2 to 6 feet of water, and in a strong
current. The apparatus employed was a spedies of small cofferdam of a
portable character, consisting of an outer and inner frame and sheeting,

VOL. IIL 2 x
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and including between them 2 feet 6 inches thickmess of strong clay
puddle. The space enclosed was a rectangle of 4 feet 6 inches by 3 feet 6
inches, the object being to dry a space sufficient for a miner to work in,
and drive a shaft dowan through the kunkur, in which a large charge might
be placed and fired. The outer sheeting of the dam was supported by
four frames, rectangular in shape, and each 10 feet by 3 feet 6 inches high,
braced diagonally and made of 3} inches sdl scantlings. These frames
when bolted together at the angles formed a square enclosure, within
which the sheeting was put down vertically in 6 inch widths. The sheet-
ing was supported at the back by longittidinal pieces parallel to the top
and bottom rails of each frame, and 2} inches within them. These pieces
oould be put in position after the frames had been bolted together.
The inner framing was constructed in the same manner, only smaller,
" 80 as to allow the space between the walls required for puddling. The
surface of the rock being very irregular and steep, it was necessary to put
down the cofferdam in the following manner :—Two boats were anchored
over the rocks, and the outer frames previously bolted together 80 as to
from a square enclosure, were let down into the water. A few pieces of
sheeting were then dropped in at the angles, and wedged when resting on
the rock. The position and stability of the frame being thus secured, the
remaining sheeting and the inuer frame were rapidly put in, and the pud-
dling commenced. The attempt to dry the dam failed; it was found
that the substratum was sand, and the water came up through cracks with
which the surface of the kunkur was covered; but there is no doubt that
this kind of dam oould be used occasionally with advantage where the
material to be removed is solid rock or kunkur underlain with clay; it is
very portable, and could be put down and taken up much more rapidly
than a dam supported by any arrangement of jumpers driven into the rock.
The next attempt on the same rock was made with boring tools of rough
construction. A portion of the kunkur in 4 feet depth of water having
been broken up, an attempt was made to bore down, through the sub-
stratum, with the object of placing a.50 or 60 1. charge at a depth of 6
feet, or thereabouts, below the kunkur. This attempt also failed from the
fact of the sandy substratum being too fluid to retain any hole.
Trials were next made on a rock 80 feet long by 50 feet in width, and
partly above water; the substratum in this case being clay, the boring tools
‘proved quite effective. The operation of placing and firing the charges
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ultimately took the following shape :—A 2-inch iron-bar was first driven
down into the kunkur to a depth of 6 or 7 feet, and.drawn ; into the hole
thus formed, a small charge of powder contained in & thin cylinder of tin
was inserted to a depth of 6 feet and fired. It was foand that this charge .
by its explosion produced a narrow crater in the kunkur about 6 feet deep,
and after clearing the hole with a boring tool about 1 foot in diameter, a
50 . charge was readily placed at a depth of 6 feet under the kunkur,
whether under ,or above water. It made little or no difference in the ra-
pidity of the operation whether the kunkur lay under or over water. The
hole having been tamped, the charge was fired with the pellét fuze,*
producing a crater of about 18 feet in diameter, and 6 or 7 feet deep.
In this manner the rock was rapidly blown away. to a depth of 6 feet
under-water, the whole operation not lasting more than ten days, and had
arrangements been more perfect, this time would have been shortened
very much. .

In the beginning of the present season, attempts were again made on
kunkur underlain with sand, and under 8 feet of water. The following
method was now adopted :—Boats were prepared with framing, and planks
sufficiently strong to bear a heavy strain; they were anchored over the
rock with an interval of a few feet between them, and lashed together by
cross-ties. A light triangle was erected on the boat, and from it was first
suspended a beam of wood, shod with a heavy cast-iron pile-shoe, and
slung from & pulley. This was worked up and down like the ram of a
Ringing engine till the surface of the kunkur was completely broken up
over a small space. On the spot thus broken up, an iron-tube 11 feet 6
inches long and 1 foot in diameter, was now placed, and driven by a ram
slung from the triangle, and worked as before described. 'When driven to
a depth of 7 feet, it was bored out, and a charge of 50 Tbs. placed at a
depth of 6 feet under the kunkur. The tube was then drawn with a dif-
ferential pulley, and the boats being removed, the charge was fired by
means of Bickford's fuze, producing a crater 16 feet in diameter and 5 feet
deep. The operation occupied about 8 hours, but it was not repeated, be-
cause the river was too high at the time to make it of any real advantage
except a8 an experiment. Since that time no operations have been under-
taken against kunkur rocks, except the following, which was also purely
experimental. .

The kunkur beds at Hurdee are the most extensive on the Gogra; they

® This was one of the earliest operations, and no galvanic or magnetic battery was at hand.
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lie at various depihs, and several ronksjutabovethesnrfwo,'m-mjm
concealed by it when the river is at its lowest level. But whatever their
total extent may be, there is no doubt that the removal of about 10,000
square, or 20,000 eubis, yards of the most prominent rocks would greéatly
improve the channel. It remains to be seen then to what extent the
experiments that have been made justify us in supposing that this can
be done within s ressonable time and at moterate cost. As in the pre-
vious experiments, boats were moared over the rock ; this time in from 4
foet 6 inches to 5 feet of water, and a current of more than 2 miles per
hour. The other arrangements were the same as before, but as the kunkur
here lay to an indefinite depth, and partially mixed with clay, the tabe
before used was not necessary. A 2-inch iron-bar was driven straight
down into the kunkur to a depth of 6 feet, and drawn by means of s
differential pulley assisted by block tackle worked from a capstan. The
hole thus made was slightly rymed out with an iron tool for the purpose,
and & slender 84l pile was driven down, deepening and widening the hole to
a diameter of 8 inches;* it was rapidly withdrawn, and a charge of 8 he.
contained in & tin cylinder was pressed down into the hole to a depth of
8 feet, This was fired, and the hole produced, which was &s narrow at
the mouth as at the bottom, was cleared out with & boring tool 1 foot
7 inches in diameter and 16 feet long; into this a diver descended, and
reported that it was about 2 feet in diameter the whole way down and
8 feet in depth. A charge of 60 Ms. was all that was available at the
time, and it failed through the breaking of the cylinder; but this failure
in no way affects the principle; moreover other charges were fired sucoess-
fully under the same rock, in the same manner; but this instance is given,
8 it was the most saccessful one in the product of a large and deep shaft.

The centre of the above charge was at a depth of 7 feet 6 inches under
the surface of the kunkur, and with a further depth of 4 feet 6 inches of
water above it. Now, although we have no exact data for the influence
of this depth of water, we may presume that it will necessitate a con-
siderable increase of the charge in order to produce the same effoct as in
air. The charges ordinarily used to produce three-lined craters in earth are
calculated as th the cube of the Line of Least Resistance, whereas I propose
here to employ charges of 3rd cube of L. L. R. On this supposition, the

¢ In loose kunkur of this description a wooden pile will act effectnally as s wedge to widen &
hole already formed, but it cannot be driven in the first instance even if shod with iron.
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quantity of powder required at that depth to produce a three-lined crater
would be 140 1hs; and we may, perhaps, calculate that on an average, charges
of 150 Bs. would produce craters of 20 feet in diameter; where the water
was deep, they would, perhaps, produce less than this; where shallow, more.
Part of the débris from such craters would generally lie about the edges,
part would be blown to a considerable distance, and part would fall back
into the crater where it would be harmless, being at a considerable depth
under the surface. On the débris which lay round the hole, the current
would act powerfully, separating the clay and reducing its bulk-to less than
half the original ; the nodules of kunkur themselves would be carried
away in the floods, or even if they remained they would be at & much
greater depth under water, and could never bind again into a surface as
compact a8 the original. Thus it seems likely that, even were the blasting
operations not assisted by dredging, the result would still be to break-up,
disintegrate, and reduce in bulk the whole rock, and leave the kunkur in
such a condition as to be acted on by the succeeding floods, and to be
gradually carried away altogether.

On such an extensive rock surface as that of Hurdee, it would be easy to
accommodate three or more working parties,*—we may suppose three,—
and it is not too much to assume that, with the proper appliances, each party
would fire three charges in a day. Eight charges a day would be a fair allow-
ance for the whole three parties, and supposing such charges to be placed at
two-lined intervals, or 14 feet apart, the whole number of charges required
to break up a surface of 10,000 square yards would be 462, the quantity of
gunpowder about 70,000 Is., and the number of days in which it could be
done 58; but allowing for unavoidable delays and occasional bad weather,
it would be well to calculate on the operation lasting three months, which
is about the length of the season most favorable for such work.

The cost of the operation may be roughly estimated as follows : —

BS.
Working parties, including crews of three pair of boats,
20 men each, at an average rate of wagesof Rs.5, . 800

Three Lallas in charge of boats, at Rs. 15, . 45
Hneofsddmonalboutaformmngeof menudmntends

to and from shore, . . . 100
‘ Total . 455 monthly.

@ Each pair of boats would take up a considerable space in order to keep the moorings clear of
each other.
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As experiment has not yet decided how far it would be necessary to assist the
action of the charges by dredging away the débris into deep water, the hire of the
three boats, at Rs. 30 per month each, will be added to the above :—

BS,

Brought forward, 45
Hmofﬂimbomtordndgngatmwpammﬂl,mh 90
Total, . 535

Total boat hire and labor for thres months, . . 1,605

The work would of course require the presence of an Engineer and
s European Overseer, whose salaries however will not appear here, The
expenditure on materials would be trifling except that on vessels to contain
the charges. This expenditure could be reduced to & minimum by employ-
ing either 100 or 200 Ib. charges, in either of which cases, the original
powder barrels would be placed in the mines, and no expense would be
incurred beyond that of making them water-proof.

If 150 . charges be employed, as here contemplated, the cost of tin cylinders

should be added to that of preparing the barrels, as it would be necessary to employ
for each 150 1. charge, one 100 Ib. barrel, and one 60 I5. cylinder.

BS.

Cost of preparing 462 barrels, at 8 annas each, . 281
462 tin cylinders, at Rs. 1 each, . . . 463
Total, . €93

Making a total expendmn-e dnrmg the prognm of the —
works of . . 2,298

The first cost of preparations and of a stock would be as follows :—

The boats employed for boring and for placing the charges should be-
long to Government; but their cost would be a charge only against the
first operations, as the same boats would answer for all subsequent ones,
a8 well as for any of the ordinary works of the season. Allowing two
150-maund boats to each working party, at a cost of Rs. 1 per msund
of tonnage, the estimate would be as follows : —

Six 150-maund boats, at Rs. 150 each, . .
Decking and strengthening do., at Rs. 50, .

1KLL

Total, .
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PLANT.
RBS.
8ix 2 feet diameter boring tools, at Rs. 50, . . 300
Three triangles, at Rs. 50, . . 150
Three diffevential pulleys, at Ra. 100 . . 800
Three crab winches, at Rs. 100, . . . 800
Miscellaneous, . . . . 150
Total, . 1,200
Grand total firat cost of boats and plant, . 2,400
Grand total cost of labor and materials, . 2,298

The above estimate for plant does not include jumpers, hammers, ngmg
engines for driving the Jumpers,‘ by which are here meant simply pointed
bars of iron, not steeled; blocks and some smaller stores, which in this
cage happen to be in hand at present. Had these to be included, they
would increase the estimate by about Rs. 400,

Taking the figures as they stand, and adding 10 per cent. to cover con-
tingencies and the wear and tear of tools and cordage :—

RS,
The total first cost of boats and plant will be . 2640
The total cost of 1abor, boat-hire and materials . 2,528

These amounts represent the cost of the operations on a sunken rock, as
it would be charged against the sum appropriated for works, and it takes
no account of the cost of European supervision and of gunpowder, which
would not be s0; but where the expenditure of gunpowder is so great, its
cost, if it entered the estimate would become by far the largest item.
* In the foregoing estimate the cost has been worked out by calculating

merely from the extent of the surface of rock to be demolished, and it has
been tacitly assumed that the charges would in every case reduce the
kunkur to a safe depth below the surface. This depth may, and has been
assumed as 6 feet, bat every additional foot that could be obtained would
be of value, and be worth a proportionate increase of expenditure. In
order to obtain a clear depth of 6 feet in every case, it would, perhaps, be
necessary to use larger mines where the kunkur lay nearer the surface,
.and smaller where it lay deeper. But it is thought that the average
taken, namely, 150 Ibs. for each mine, is on the safe side of the truth.
# The jumpers on all the rocks yet trisd could be hammered directly down throngh the kunkur,

which of course can be much better done with a Ringing engine than by hand. 1In the case of block
kunkur it would be necessary to work the jumper in the ordinary fashion.
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The difficulty previously mentioned, namely, that of entirely dispersing
the kunkur thrown up by the explosion of a charge, might be partially
obviated by using rather larger charges than those proposed, or by dredg-
ing, or by both methods. It is a matter for experiment, as no sufficient
data for it exist at present; but it is suggested that it would be econo-
mical to work only on the deeper part of a reef according to this method;
and where cofferdams could be constructed, to employ them for the removal
of all rock within 2 feet 6 inches or 8 feet of the surface, as in such
shallow water they would be readily and cheaply constructed. Cofferdams
appear to have been employed on the Ganges river works with a certain
degree of success, but at an enormously greafer cost than that here
estimated ; there are also certain objections to their use, which cannot be
gone into here, and many of the rocks spokea of have a sandy substratum
which would not admit of their employment.

The above description and estimate will answer their purpose, if they be
considered to show the feasibility of removing kunkur rocks on a large scale
at 8 reasonable cost. On such a scale as here contemplated their removal
is—by the ordinary methods of blasting—by no means a simple engineering
problem, and an inspection of the rocks themselves, with masses jutting up
here and there and the current racing over sunken beds between them, is
not at all calculated to re-assure the Engineer, who has not at the time

decided on his means of attack.
W.Jd.C.
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No. CXV.

THE HURROO BRIDGE—LAHORE AND PESHAWUR
ROAD.

Designed and Consiructed by Ligur.-Cor. A. Tavroe, R.E., C.B.

Tas Bridge consists of 10 spans of 40 feet each. The piers and super-
structure are of timber;.the abutments of rubble masonry. The deptha
to which the different piers and abutments are carried are shown in the.
drawings. The timber work throughout is of heart of deodar, all sap
wood being rejected. :

Piers.—Are shown in full detail in the drawings. Every timber is in
one length, excepting only the waling pieces on the pile heads. The lowest
pairs of horizontal waling pieces are reduced to 10 X 6 scantling, to admit
of timber of the required length being obtained from the Cabool river. The
bolts are througheut of round iron §-inch diameter.

Abutments and Wing Walls.—Are founded st the depths shown, and
are built of coursed rubble with the following exceptions:—The wheel-
guards are of cut bricks-on-edge, and the parapets are farnished with a cap
of cut brickwork, 6 inches thick, laid on edge.

Superstructure—~—Corbels on pile heads are 12 inches wide and 10 deep,
and are firmly bolted to the tie-beams, each by two bolts of $-inch round
iron. .
The Beams are 10 X 6 scantling, except the last length at each end
resting on the abutments, which is 10 X 9, to give depth sufficient to admit
of the abutting blocks being countersunk into it to a depth of 3 inches.
No joint in a tie-beam within 6 feet of a pier; the drawings show in detail
how the joints are made. The pieces all abut against each other with

VOL. NI 2 x
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square ends; the keys are of seasoned seesum. Each tie-beam is sup-
ported by two }-inch iron rods.

Vertical Posts over Piers.—Details are given in the drawings.

Straining Beams are secured to the roadway beams by four trenails of
1} inches dismeter of dry khow wood.

Roadway Beams.—Scarfs in roadway beams are made in the places, and
in the manner shown. Details are given ia the drawings.

Roadway Planking.—The planks supporting the railing struts are 6
inches thick, no piece being less than 9} feet in length ; they are secured
to the roadway beams by spikes 11 inches long. Remainder of planking 4
inches thick, secured by spikes 8 inches long. Each end of every plank
. rests on a beam and is secured to it by two spikes; elsewhere one spikg
secures each plank to each roadway beam. The lengths of planking bresk
joint throughout.

Wheelguards are in long lengths, of 10 X 8 scantling. The different
lengths abut against each other in each case over a block with square ends,
and are kept in position as shown in ﬁgnre The hard wood key is of
seesam or khow wood.

Wall Plates on Abutments.—The he-beam is notcbed out l} inches to
receive the wall plate.

Metalling is of broken stone.

Painting.—The railings, inclading verticals and struts, are painted in
three coats of white lead and oil.

Tarring—The wheelguards, wheelguard blocks, roadway planking, on
both sides, and all woodwork, therfce to water level including wall plates,
and all touching surfaces, are payed over with pine tar.

ABSTRACT OF ESTIMATE.

ct BS.
187,188 Earthwork, excavation in bounlders, at Rs. 6 per 1000, .. 823128
10,480 ”» ” in sand-stone, at Rs. 10 per 1000, ... 104:800
88,726 ”» filling in and ramming, at Rs. 5 per 100, we 168625
21,41642 Pucka rubble masonry with cut-stone fmes, at Rs, 19 per 100, 4,069°119

289 Brickwork, at Rs. 26 per 100, ... e .. 6214
18,325'4 Deodar wood work, at Rs. 2petcnb1efoot, e eee . 26,650'8
98'55 Hardwood work, at Rs. 4 per cubic foot, e we 3942
mds.

17,095:66 Iron-work, at Rs. 18-12 per 100, e e e e 8205417
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PLATE XXXVIIL

HURROO BRIDGE.
CROSS ELEVATION OF PILE PIERS. )
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ABSTRACT OF ESTIMATE.—(Continued.)
s f. * BS.
76,598-9¢ Tarring, at Rs. 2 per 100, v e e e 1,527°978
8,016 Painting, at Rs. 5 per 100, e ee e e e 150800
46 Driving piles at Rs. 15 each, ... . w0 oo .0 690
Potal Rupees, ... ... ... 87,847°007
Add contingencies, at Rs. 5 per cent,, ... ... 1,892:85

Total, 389,789-857

ATTOEK,
8tk Janwary, 1832.} ) AT
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No. CXVIL
MANUFACTURE OF IRRIGATION PIPES.

Memorandum on Machine-made Farthemware Pipes jfor Irrigation.
By Carer. W. Jerrerevs, R.E., Ezec. Engincer, Ganges Canal.

Tae complete adaptability of earthen-ware pipes for all purposes of irriga-
tion and drainage may now be considered an established fact. To meet a
want so universally felt, steps have been taken by the Government for
promoting and developing the growth of this useful description of manu-
facture. Potteries have been established at certain stations, and the ser-
vices of professional hands have been obtained from England. We may
then safely predict that the day is not far distant when they will come
into general use. '

The object of this paper, which relates more especially to the employ-
ment of earthen-ware tiles for irrigating purposes, is to show the results of
the first experiments of the kind which have been made in these Pro-
" vinces. But before proceeding to consider the processes employed in
their manufacture, it is necessary to say a few words on the causes which
led to their adoption in the Irrigation Department.

On all canals it has been found necessary to regulate the quantity of
water supplied to cultivators, by constructing in the banks of rajbukas
(minor irrigating channels) outlets of a fixed section, the size depending on
the area it is designed to irrigate. For this purpose wooden boxes or
covered-in troughs, (termed colabas,) embedded in the rajbuha bank had
been used for many years past in these Provinces; but their employment
is open to the following objections :—

I Their great original expense, the cost of each colaba varying from
Rs. 5 to 8 each. : )




ON'INDIAN ENGINEERING. 278

" II. The necessity of their frequent renewal. For .in order that they
might be as cheap as possible, common wood such as jsmun, semul, mangoe,
and others, were used in their construction. . They were unseasoned and of
a perishable nature, and the consequence was that new colabas had to be -
sapplied yearly ; this was a heavy tax on the cultivators.

III. Forthe same reason, that of economy, the workmen nearest at hand
(frequently unskilled) were employed in constructing these colabas.” They
"were consequently ill made, of varying section and apt to leak; the result
of which was an irregular supply of water, serious breaches in rejbuha
banks, and loss both to Government and the cultivators.

IV. Inconsequence of the yearly renewal of colabas, cnltivators came to
regard their water-courses ss temporary channels, and on receipt of a new
colaba often shifted their heads to suit their convenience. Little care was
therefore taken in the construction of these channels, which are still in a
lamentable state cansmg everywhere percolation and great wastage of
water. h
To remedy these evils eu-then-ware tiles were first introduced by Mr.
Macrone in: the Allygurh Division of the Ganges Canal, in 1862. They
were thrown and moulded on a potter’s wheel and were burnt like tiles in
an open clamp. They were made in three sizes, of 83, 6 and 4} inches
in diameter, respectively. The cost of each joint was from 2 to 24 annas,
8o that for 10 joints which were required to traverse the bank of an
ordinary rajbuha, a cost of Rs. 1-4 only was incurred. When embedded
throughout in . lime, 8 inches in thickness, they were found to be tolexably
durable; and many can now be pointed out, which have been in use from
two to three years without any apparvent deterioration. The great ad-
vantages derived from the use of earthen-ware tiles, both for economy
and durability, soon led to their adoption in other divisions, and it is now
believed that the manufactare of wooden colabas has boen dﬁogeﬂ:et
discontinged.

Although an improvement on the old box, the tiles made by native
potters are still very defective.. They are necessarily crooked and are not
of miform size throughout. They are but imperfectly burnt, and being
porous, they cannot resist the action of water, and must in course of time
decompose. A perfectly true sound glazed earthemware pipe would re-
move all the evils above alluded to, and would be useful, not only for
irrigation outlets; but for all purposes of irrigation and drainage to which
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it may be applied. To attain this object, a manufactory was established
at Nanou with a view of making experiments, the results of which are
embodied in this memorandam.

The moulding machine consists of a strong wooden vertical cylinder, 5
feet 6 inches in length by 20 inches in diameter, supported on beams firm-
ly embedded in masonry. It is constructed of well seasoned secesum, 3
inches in thickness, secured on the outside with four iron bands, §-inch in
thickness. In the cylinder is a piston worked by a wooden screw, 8 inches
in diameter, and at the lower end is inserted a dod or die of the following
shape.

The clay, after being previously prepared and worked up to the re-
quired consistency, is thrown into the
cylinder and pressed out of the dod
by the action of the screw. The clay
a8 it escapes is evidently moulded
into the form of a pipe. .

Below the die is & moveable plat-
form balanced by means of weights
attached to ropes running over pul-
leys, and arranged in such & manner that the resistance offered ehould
just be overcome by the descending clay. When the neceesary length
of pipe is attained, the action of the screw is stopped; the pipe is cat
off with a piece of thin wire and removed to the drying sheds. Being
relieved from the pressure of the clay, the platform ascends to its former
position, and the operation is repeated. The cylinder full of clay contains
twelve 8-inch pipes. In this manner 250 to 300 can be taken out in
one day.

The pipes are then kept from four to five days under sheds to dry; if
exposed to the sun or wind, they crack or lose their shape.

Appended is a sketch of the farnace used for burning the pipes. It has
six arched furnaces radiating from one centre, enclosed under a conical
shaped dome, 18 feet in diameter; it is supplied with four air holes at
top and six fire holes below, as well as two doors. 'The pipes are stacked
in an upright position as closely as they will lie, one course above another,
and as the body of the kiln is filled, the doorways are built up with
kucha or refuse bricks.

From continued experiments made at Nanou, it was found that it requir-
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MANUFACTURE OF IRRIGATION PIPES.

Sketch _9’ A¥ln at Nareu ﬁr-lw'm'ry Tsles.
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ed 36 to 48 hours to burn the pipes thoroughly. The tiles are gradually
brought up to a red heat and maintained so for 12 hours; after which the
kiln is raised to the greatest heat possible, that is until the flame and the
pipes are of the same color, and this is kept up for 24 hours. The.kiln is
then allowed gradually to cool, the admission of cold air being carefully
guarded against. In the N. W. Provinces the fuel best adapted and most
easily procurable is dry babool wood; but where coal can be obtained at a
moderate cost, it would no doubt be preferable. '
Great care should be taken in the preparation of the clay, as any parti-
cles of stone or kunkur left in the clay, are liable to stick in the die and
score the surface of the pipe. The most efficient and least expensive me-
thod of removing all foreign particles and rendering the clay fit for use is
the blunging process. It was found most successful, and gave a fineness
of texture to the ware which is quite unattainable by pugging or any other
method. . Two sets of masonry tanks, one raised 2 feet above the other,
were constructed, the upper communicating with the lower by means of
pipes built into the masonry, 2 inches above the flooring of the former.

The clay was then thrown into the upper: tank, mixed with twice its
bulk of water, and worked by means of a long wooden spade (termed a blun-
ger) until a perfectly smooth pulp was obtained. The mixture was then
drawn off into the lower tank, the smaller particles being held in suspen-
sion, while the heavier particles fell to the bottom and remained in the
upper tank. After ten or twelve days exposure to the sun, the clay was
fit for use, without any further labor being required upon it.

When this process is employed in damp climates like that of England,
the moisture can only be driven out by artificial means, viz., heat or -
pressure. This would prove too expensive, except in the manufacture of
porcelain or china ware. But in this country where the powerful agency of
the sun can be obtained at all times, the desired result is brought about
by the simple process of evaporation, and that at no outlay whatever.



