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of which they dread. One ¢ompany of Kalihauts (Mysoré Labor Corpy)
which was sent for work on the Angoombee road soon deserted in & body,
and on presenting themselves at Bangalore scarcely & man was able to
stand from the effects of fever. The only place from which labor could be
drawn to any extent was Canara, but now since the large works at Sheda-
segur, &c., have been started, this source has completely failed ; not a man
is to be procured.

One most fruitful source of difficulty with reference to labor, is the
competition ariging from the extension of coffee plantations. It frequently
oocurs that no sooner has one of our subordinates by great labor collected
s sufficient body of coolies, than a planter's agent steps in and carries off
the whole under heavy advances. 8o common is this occurrence that it is
believed to be systematic. An advance in ready money has thus beea
made to a single influential cooly of 60 rupees the rest of the gang get-
ting smaller sums. While, however, it may be satisfactory to know that
some of the planters have politely acknowledged the services the subordi-
nates thus render, the difficulties with which our department are left to
struggle are most disheaftening.

In justice to the planters it must be admitted that they are at times
put to grievous stress for want of labor, and when this oocurs at a critical
time for the crop they have no choice but to get labor at any price. In
Munzerabad only a very few years ago, ocoolies could be got for Rs. 2-8.
They are now 6 and 6 rupees, and ere long will probably be 7 rupees
per mensem. In Nuggur the rate has not gone as yet much higher than
4 rupees, but it is rapidly rising.

In the concluding portion of Lieutenat-Colonel Kennedy's Report on
the works. it north Canhara, he draws attention to the grave difficulties
attending the supply of labor in that part of the ocountry; when, therefore,
I mention that to north Canara, Captsin Palmer hed till lately to look
for much of his labor for the works in the Mulnaad, and that even that
source i now cut off, the importance of the question as concerns this
department will be sufficlently apparent. Bpite of every effort works only
creep into existence in Nuggur., No contractors can be obtained. Every
subordinate either loses his health there and has to be sent away, or,
still worse, deserts his post. This is but plain matter of fact, which I
think it right to state in justice to the Executive Engineer.

Yet it is absolutely necessary that the valuable coffee land at the back
- w
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of the Bababoodens and about Copps, Kig, Namur, &c., should be opened
up, and a line of communication established between the Boond ghaut and
the country lying north, much of which has probably never been visited
by any European ; means must therefore be found for grappling with this
labor difficulty.

As in some measure likely to effect this object, I would venture to
propose that the great bulk of the Kalihaut Corps, now about 852 strong,
be sent to the Boond ghaut and Nuggur; that an apothecary with all
requisite medicines be attached to each company, and that every man be
given good warm clothing; further, that the pay while so engaged be
raised to 6 rupees per mensem. In addition to this I would raise more
companies in Nuggur itself, and enlist men if possible down the coast.
I do not say that this will succeed; much, however, I think can be done
by selecting in the first place really able-bodied men, taking care of them
and giving high pay.

The Commissioner has lately seen fit to recommend the advisability of
making the Executive ranges conterminous with the new civil districts,
and there can be no doubt that if this be acceded to, great relief will be
given to the Executive Engineer of Nuggur, who is no less overburthened
by the difficulties connected with his subordinates, and the supply of labor,
than he is by the undue extent of his range. I now beg to pass on to my
tour undertaken during the last week of April, the extent of which is given
above, and having already made this report too long, I shall endeavor to
be a8 brief as possible.

One main object of this tour was the inspection of the Railway feeders
to the east of Bangalore, which have been under execution during the past
year. I found them extremely well laid out, and all, with the exception
of the line between Colar and the Marmootal (near Coppum) station,
nearly completed. Even on this line rapid progress was being made.
There being in no case large streams to cross, the masonry works have been
extremely light ; still I think the rapid and efficient manner in which they
have been executed, shews the great advantage of a proper system of con-
tract by which they have all been carried out. The whole of these roads
should be complete by the end of next month, or several months before
it is probable the railway will be open to the public.

Proceeding round by Tulgarah and Thadgole, I inspected the fourteen
terminal miles of the new Cuddapah road, the frontier being about two
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and a half miles beyond Ralpand. Much of the end portion of this road
lies through s hilly country covered with scrub jungle, and though there
is no bridge here above thirty feet span, a good deal of minor lateral
drainsge had to be provided for. The work has been performed very
creditably, and, with the exception of one or two breaks at nullahs in tha
Madras territory, the line is complete from Bangalore to Cuddapah; and
notwithstanding that perhaps no very great amount of through traffic can
" be expected, it will be a most useful line. New bungalows at Tulgarah and
Ralpand had been opened for the use of travellers shortly before my wisit.

Returning along the same road I was ensabled to examine the trace of
the proposed line, thirty-two miles in length, leading from Chintomonipett
to Bangapillay vi¢ Sandly, and which it is very desirable should be opened
soon, both in the interest of the Railway Company and that of the country
generally. I was enabled to suggest several improvements in the trace,
which, with other matters, have been dwelt upon in my detailed report.
Here it will suffice to say that throughout the line both the soil and gra-
dients are favourable, and setting aside the provision for minor drainage,
only three bridges will be required, one over the Pennakerray (three arches
of twenty-five feet each), another over the Coosbavutty (one arch of
twenty-five or thirty feet), and the third across the Chittravutty river,
near Bagapilly, at the junction of the new road with the existing main road
from Bangalore to Ghooty. This last river will need seven or eight arches
of twenty-five feet. .

Some wild rocky country is passed through on this road, and a little
blasting will be required. The survey and estimate originally prepared
under orders of the Executive Engineer, Mr. Dobbs, will require but little
alteration, and will ere long be forwarded to Government for entry in the
next budget.

An alternative site had been proposed for crossing the Chittravutty
river, but I was led to recommend the one above alluded to as possessing
the advantage of placing the Cusbah town of Bagapilly in immediate
communication with the main road, and of enabling a plough tax road to
be pushed forward, when fands may admit, to the important town of Goom-
nsickenpollium, which, buried in the rocky mountains to the east, has at
present no proper communication with any of the main lines of the country.
. On referring to the Trigonometrical Survey it will be observed that the
Cusbsh town of Goreebednore (about twenty-five miles north-west of
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Nundeedroog) is situated in & valley bounded by a range of hills on the
east, stretching morthwards from Nundeedroog, on the west by the range
containing Daveroy and Mudgherrydroogs, and on the south by Muncly-
proog, and is thus cut off from communication with other parts of Mysore.
There exists, it is true, a track through the mountains on the east by
which pack cattle and even half laden carta can proceed to Goodybundah
and thence to the Bangalore Ghooty road, and again on the south there
is a steep ghaut on the south-east of Manclydroog, which gives an exit to
some of the produce southwards; but for all the practical purposes of trade
the valley is at present excluded from the system of roads in Mysore.
The natives consider it as belonging to the country below the ghauts.

For many reasons it is most desirable to alter this state of matters.
Not alone is the valley rich and productive, but the Madras (Bellary)
authorities are most anxious to have Goreebednore placed in immediste
cammunication with the town of Hindoopoor to the north, to which place
they have carried & line in continuation of that leading through Handy-
anantipoor and Pennacondah.

An inspection of the Map will shew that if we carry a road from Doda-~
battapoor through Goreebednore to Hindoopoor, we shall not only open
up this hitherto closed valley, but lay the basis for establishing a more
direct route than now exists from Bangalore to Ghooty and thence to
Hyderabad. I inspected the greater portion of this line with Mr. Dobbs,
and as a trace will be made before long followed by a detailed estimate,
the subject will probably be definitely brought before Government in con-
nection with the next budget.

Another obvious line of road is that which would connect Mudgherry
with Goreebednore, and thence through Wottabahosshully and Goody-
bundah to the main Bangalore Ghooty road. 'We_have now a line almost
finished between Seexsh and Mudgherry to the westward, and this proposed
road would gimply form ite continuation, piercing the Goreebednore valley
from east to west, which is very much needed. The whole of this line,
with the exception of the ghaut leading down from Goodybundsh to
‘Wottadahosshully, might be constructed from the plough tax fund, the
ghaut which will require careful tracing and working out being left to this
department for execution.

I may mention that in addition to these lines a plough tax road is pro-
jected from Goreebednore to Mauchanhully to the south-esst and thence
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to Chickballapore. The only difficulty in this communication will be &
smsll ghaut leading through the hills between the two latter places. My
examination of this ghaut led me to conclude that it must also be carried
out by our department, and that before commencing, the line must be
accurately surveyed and traced, the ground being extremely difficult and
encumbered from end to end by piles of rock.

Before leaving this interesting valley I must make a brief allusion to
the Wottadahosshully tank, which is, without exoeption, the finest work
of the kind I have seen in the country. It is situated at the end of the
valley which has its head near Goodybundah, and receives the whole of its
drainage, converting the country below, opening to the westward into &
wide irrigated plain. The approach to the head of this beautiful sheet
of water is by the pass in the mountains leading down from Goodybundah ;
its length, when this tauk is full, is perhaps two and a half miles by over
half & mile in width. Though thus much smaller than many of the tanks
in Mysore, it is remarkable for the great height, (sixty feet) of the bund,
which is 12 or 1300 feet long, and most picturesquely situated between
the two flanking hills at the end of the valley. The mountains on all
sides are composed of- heaped-up masses of granite, and the hill to the
south against which the bund abuts on that side, cannot be less than 1,500
feet high.

The bund has a solid stone facing on both its front and rear slopes,
and differs very much from all other I have seen, not alone in its height,
bat the manner in which the work has been executed, being quite straight
and workmanlike throughout. The immediate object of my inspection
was with reference to the sluice, which was reported out of order and for
which an estimate had been framed. This I, however, found to be errone-
eus, and but a trifling amount of work required.

I may now conclude this report by mentioning that the only matter of
much importance which farther required my attention was the so-called
Nundidroog ghaut, situated north of the hill, and on the provincial road
leading through Chickballapoor to Colar. It has hitherto been so steep
88 to prove an effoctual bar to through traffic. Though a good sum of
money will be required to correct its defects, I was enabled to select a line,
which on being worked out will give sufficiently easy gradients.

. R. H, Baxgey.
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The Committee proceed to take into their consideration, the following
subjects, as appear to them indicated in the instructions, namely :—

1st.—Strengthening the fortification as it at present stands.

2nd.—Formation of outworks as affecting the Jumma Mllﬁjld and
Tripolya, and the construction of detached posts.

8rd.—The levelling and clearing of the ground immediately under
the walls of the Fort.

The Committee having discussed these several subjects with plans
before them, and having inspected the ground and position, prooeed to
report as follows.

The chief defects of the Fort of Agra are the following : —

I1.—The deficiency of flanking defences.

II.—The want of a glacis to cover the scarp walls,
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III.—The great height of all the batteries above the country, and
the consequent plunging and defective nature of the fire, which is
ineffectual at short ranges.

IV.—The inequality of the ground on all sides, and the dangerous
vicinity of the city on the north and west faces, affording cover to
an enemy, to within breaching distance of the walls.

The Committee beg to offer the following suggestions, with a view
to lessen, or entirely remove, the serious defects above noted.

1. As to the deficiency of flanking defences, we are of opinion that
these may be effectually improved by the construction of works in
connection with the fort itself, namely,

First.—Earthen bastions outside the corner towers on the river face.

These bastions should be completely isolated from the fausse braie
by ditches, and be connected with the body of the place by gates.
One of these gates, (for the bastion at the north-east corner,) already
exists in the northern curtain close to the Shah Boorj tower; and
another (for the south-east bastion) exists on the river face of the
out-work of the Ummur Singee gate.

These bastions will be so disposed as to afford ﬂanhng fire not
only to the river face, but also to the north and south fronts, res-
pectively. They will also cover the two weakest points of the fort,
which a besieger would be sure to select for attack (and one of which,
the south-east tower, was that of Lord Lake's attack). Further,
in conjunction with the Water-gate bastion in the centre of the river
face, (which will subsequently be noticed in detail,) they will cover
with their fire all the ground on the opposite side of the river, which
an enemy, contemplating attack on that side could occupy with his
batteries, as it is within range from 600 to 1,200 yards.

The proposed north-east bastion also completely covers all ap-
proaches to the bridge on both sides of the river, and assists in the
flanking defence of the works which are proposed for the Jumma
Musjid, within a range of 700 yards.

The new bastion on the south-east provides defence on the line
of approach from the direction of the Taj. It also sweeps with its
fire, within easy range the two principal ravines on the south side,
and covers the approach to the Ummur Singee gatoway.

Second.—The conversion of the Water-gate and contiguous bastion
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(which at present form part of the lower fort on the river side) into
a2 Horn work, cut off from the lower fort, and connected with the
body of the place. This work will cover the Water-gate, and com-
plete the flanking defences of the river face. It will also afford di-
rect fire on the opposite side of the river; it will cover the approach
to the bridge from the other side, and co-operate with the flank bas-
tions in the general defence of that front.

The Committee are of opinion that the new works, above described
in general terms, will suffice for the protection of that part of the fort.

Thérd.—For the flanking defences on the land side, the following
works seem fully sufficient.

On the north covering tower, No. 9, should be constructed a Coun-
terguard with flanks, for the purpose of affording flanking fire right
and left on the northern face. Any more salient work would be
objectionable, as advancing the defences towards the city, already
too near. The communication with this will be from the fausse braie
by a bridge across the ditch.

At the north-west cormer aro the Chowk, the Tripolya and the
Jumma Musjid, covering the approach to the Delhi gate. These
buildings must either be removed or occupied. If removed, a work
of some description to afford flanking fire must be erected on their
site. The Committee, however, think it would -be more advantageous
to occupy them, by forming them into a permanent outwork, which
may be thus effected.

The Tripolya, (a small walled enclosure connecting the Chowk with
the Jumma Musjid,) with one side of the Chowk, and a portion of the
rear wall of the court of the Musjid, must be removed, so as to throw
open the interior of the Musjid to the fire of the place. The side
walls of the Chowk must be prolonged to connect it with the Musjid.
The standing portion of the rear wall of the court of the Musjid
can then be formed into a 2-gun battery, which will flank the pro-
posed counterguard and new bestion on the north. The Musjid
itself is also capable of being turned into & very formidable battery.
Five embrasures may be pierced through its western wall, which is
11 feet thick, and very eolidly built, and two in each side wall of the
mosque itself. The side walls of the court-yard will also afford posi-
tions for several guus, which on the south side will most effectually
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sweep the main road to the Delhi gate, as well as much of the low
broken ground to the south-west of the Fort. The battery on the west
will command a large ravine which would otherwise afford excellent
cover for an enemy’s approach.

As the piercing of the embrasures through the western wall must
be a work of time and labor, it should be begun at once. The embra-
sures themselves may then be closed by thin screen walls, and the
building itself thrown open for the use of the Mahommedan popula-
tion, a8 convenient access can be had by the two gateways in the side
walls. These gateways would be closed by sandbags, or other effectual
means, on any emergency; and if desired, they can always be closed
by the strong iron covered doors at present in them,

The Chowk likewise should be made part of the position, by covering
its wall with a glacis, leaving the existing road to form the bottom of
the ditch, which must also be carried round the Musjid.

It is necessary, however, to note that the houses of the city actually
touch the north west corner of the Musjid, and are quite close to
the building on other sides, so that to admit of this being retained as
an outpost it becomes absolutely requisite to remove a portion of these
suburbs, at least to the extent of 200 yards. A greater open space,
if it could possibly be obtained, would, in the opinion of the Com-
mittee, be most desirable, and in accordance with military principles.

To obtain flanking fire on the south-west front of the Fort advantage
should be taken of the high ground immediately to the west of the
Ummur Singee gate, on which to throw up a strong ravelin with
flanks, of a permanent character, to be connected with the place by
a oaponiere and covered passage leading into the main ditch.

The faces of this work will be ewept by the guns of the body of the
place, and they will themselves command by their fire the broken ground
to the west and south of the Fort. Its flanks will cross fire with the
batteries of the Jumma Musjid and the new bastion on the south-east.

Between the high ground on which it is proposed to make this
ravelin and the Fort, runs one of the principal lines of drainage of
the city and cantonments, which should be converted into an outer
ditch, to be enfiladed by the flanks of the ravelin, which will be ren-
dered more secure by throwing stockades across, on the prolongation
of the flanks.

b
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ILI. With regard to the second defect ; the exposed state of the somrp
wall of the ditoh, and general defectivensss of the glacis, and in many
ports the total wamé of ome, it should be stated that at present the
counterscarp wall is generally at least five feet too low for the efficient
protection of the soarp wall of the ditch, and the earthwork of the
glacis is not even carried up to the top of the existing wall, so that
one-third, and in places, one-half of the wall being visible, a practicable
breach might readily be formed by the enemy’s batteries from a dis-
tance. To obviate this important defect the Committee strongly re-
commend, that the counterscarp wall should be raised and the glacis
properly formed and completed.

III. With reference to the third point; tAe defective nature of the
fire from the body of the place, owing to the great hoight of the wall, the
Committee beg to recal the recommendation of the Committee of En-
gineer Officers, assembled in 1857, that the walls should be lowered ;
and to suggest instead, that embrasures should be opened in the curtain
walls, on the ground level of the Fort, wherever available ; and that the
only guns on the high towers be of large calibre, on pivot or traversing
platforms, and confined to the most salient towers. These pivoted guns.
on the towers will assist the flanking fire afforded by the proposed new
works; and the demi-casemated batteries of the curtains will, at a
much more favorable level, (about 25 feet below the preeent towers,)
protect and cover the ground in their fronts by direct fire. The great
height of the walls, the Committee consider a decided advantage, as
it precludes the possibility of escalade; and even when breached, the
height will still offer a formidable obstacle, almost an insurmountable
one, if the ground behind the breach be properly retrenched.

IV. The Committee desire to remark on the broken nature of the
grownd arownd the Fort, and on the immediate neighbourhood of build-

" ings, which would afford perfect cover to large bodies of hostile troops
in olose proximity to the walls, and thus give them the means of
establishing their breaching batteries unseen.

On the northern side, the broken ground consists of the dobres of
that part of the city which was thrown down during the outbreak.
The Committee recommend that the debris on this side should be
formed into a sevond or outer glacis. As this is the weakest side
of the fort, on account of the cover afforded by the houses of the city,



167

this advanced glacis will be of considerable advantage, as it will more
effectually screen the main wall, and so prevent a besieger from esta-
blishing his batteries under shelter of the city houses, and force him
to advance to the creat of the glacis by the usual process.

On this side there are immediately under the walls two houses left
standing, which it will be necessary to remove; also & wall several
feet high defining the limit of the fort lands on the city side. The
rubbish may be thrown into a sunken road close by, which will thus
be brought up to the general level. -

On the south-west side leading down from Boileaugunge to the
Delhi gate, there is a sunken road which can only be seen to any
extent from the Jumma Musjid. The steep side of this road towards
the Fort should be sloped off so as to expose the whole line to the
view of the place.

On the south side, the broken ground is far more iatricate and ex-
tensive. Here also the same general principle ehould be followed of
sloping off the mounds from the fort outwards, so as to present a
succession of glacis, and expose their whole extent as much as possible
to the view of the fort.

With regard to the most prominent of these mounds, it may be
necessary to occupy some of them by light field works, so as to com-
mand as far as possible the uneven groufd in their front. These works
ehould consist merely of a light parapet and ditch open to the rear;
but their exact forms and positions can only be determined when the
permanent improvements of the fort are decided upon. As the new
defences are to be chiefly earthworks, and as very extensive levelling
will also be required, it appears to the Committee that it might be
more cheaply and expeditiously effected with the aid of some com-
panies of the Corps of Sappers and Miners.

In the event of the removal of the Arsenal from Delhi to Agra, and
with reference to the increased armament rendered necessary by the
enlargement of the works, it appears to the Committee that provision
should be made for more extensive magazines for powder. They
therefore take leave to suggest the open square in the middle of the
Meena Bazar as the safest and most centrical position for that purpose.
The place proposed is 114 feet square, already suuk upwards of 20
feet below the level of the surrounding ground, and would afford room
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for capacious magasines which could only be reached by vertical fire.

The Armament of the Fort should, in the opinion of the Committee,
be as follows : —

On each of the high towers® (which if not sufficiently strong,
should be made so,) there should be one 8-inch shell gun, on a
pivoted or traversing platform, which will command, to a wide circuit,
all the broken ground and houses.

From the great height of these towers, it will be easy to afford
cover to the artillerymen when working the guns, and the Committee
consider that this armament will be ample for these towers, the fire
from which from ordinary guns on account of their great height, would
be very ineffective.

There should be embrasures pierced through the main walls in as
many of ths curtains as will admit thereof ; and these batteries should
be armed with 18 or 24-pounder iron guns, as most available. As the
ordnance in these batteries would be partly under cover, and parti-
cularly well defiladed, it would be economical to mount them on iron
carriages. The Committee anticipate that batteries of the above
nature should be made in the curtainst to contain about five guns
each, forming a total of 40 guns.

The nature of the ground around the fort, renders vertical fire from
mortars very desivable, and the Committee would point out the follow-
ing sites as good positions for batteries : —

First.—In the south-east angle of the Fort near the Jehangir
Muhul, from which shells may be thrown into the broken ground
on the south and across the river ;—a second battery might be placed
near the present barracks ; and a third on the grand parade.

These positions would be taken up, on the necessity occurring, but
mortars of the heaviest calibre, for the armament of the place, should
be specially retained in the fort.

The Committee would limit the armament of the jfausse braie to
the formation of batteries in the bastions of the outworks in front of
the gateways; as in any other parts the fausse braie is 8o narrow, and

* Nos. 1,2, 4,6,7,10,11, 18
t The curtains, one on each side of the Ummur Singee gate, and one on each side of
the Delhi gate—aleo to the right and left of the Futeh Boorj on the north, and the cur-
tain of Ummur Singee outwork, and one on the water face where found practicable.
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the main walls 80 high, that the batteries would be untenable from the
splintering of the stones under the enemy’s shot.

The ordnance should be as follows: —

At the Ummur Singee gateway, three guns and one howitzer, in each
bastion.

At the Delhi gateway, a similar armament.

The armament of the new works outside the Fort, should be as
follows : —

For the two new bastions on the river face :—

1 8-inch howitzer, } per flank.

1 24-pounder gun,
In zacm B“m’"%l 8-inch howitzer,

2 24-pounder guns, } per face.

For the Counterguard north front, two 24-pounders in the east
flank, to sweep the face of the proposed new bastion. Ome howitzer,
8-inch, and one gun in west flank, to cover the Jumma Musjid and city.

For the Jumma Musjid outwork. For the front, three guns to sweep
the ravine, leading right upon it and the neighbouring suburbs, and
two guns in each of the three remaining sides.

For the Ravelin in the south-west part field guns and howitzers

only are deemed necessary. The faces and flanks should be pierced

with embrasures for ten or twelve pieces, say two in each flank, and
three or four in each face.
ABSTRACT OF ARMAMENT.

8-inch shell guns in bastion, ... ... .. 8
Body of the place. Siege iron guns in casemates, ... ... .. 40
13 and 10-inch mortars, vee eee wee 12

Biege iron guns, 24—pounders oo e 12
8-inch hgmtzers, ' B |
, , 24-pounder iron guns, .. ... .. ... 12
River bastion. 8-inch howitzers, IO

Fausse braie. {

Counter-guard. % 24-pounder iron guns,
{
{3

8-inch howitzer, ... ..
24-pounder iron guns, .
8-inch howitzers, ... ... .. ..

Total Iron Guns, ... ...
9- pounder brass fleld

Jumma Musjid,.

Ravelin. tzers, o een

_,.
o RO -1 IO

Total Brass Guns,...
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with a proportion of field guns, and 5}-inch brass mortars available,
a8 circumstances may demand their use.

From the Secretary to the Government of India, with the Goversor
General, to the Secretary to Government, N. W. Provinces, P. W.

Department.
Beneres, 8tk December, 1960,

8»,—The Governor General having had before him the report of &
Committee, convened under orders from this department in December
last, on the improvement of the defences of the Fort of Agra, with
reference to the contemplated removal to that place of the arsenal
establishments from Delhi, has come to the conclusion that the great
cardinal object of reducing to the smallest dimensions all strong places,
the retention of which is a necessity so long as we retain India, has
not been sufficiently kept in view by the Committee.

His Excellency is of opinion that the outworks proposed by the Com-
mittee, are objectionable as rendering it necessary to maintain a larger
garrison, and being in themselves a source of weakness rather than of
strength.

The irregular ground outside of the Fort, should, as recommended by
the Committee, be sloped off, 8o as to present a succession of glacis,
and expose the whole extent as much as possible to the view and fire
of the fort.

A glacis and covered way should be formed ; the counterscarp being
strengthened by counterforts where necessary, to make it support the
additional weight of earth.

The Jumma Musjid should neither be destroyed nor occupied, but
mined so as to admit of its being blown up in case of necessity. Em-
brasures, not concentrated in batteries, but scattered, should be pierced
in the walls, so as to give a fire at a lower level than from the top of
the walls.

To carry out the above measures, the Military Department has been
this day requested to move His Excellency the Commander-in-Chief,
to place a company of Sappers under an intelligent officer, at the
disposal of the Superintending Engineer, and I am to request that His
Honor the Lieutenant Governor, will have the goodness to authorize
the Superintending Engineer to allow the officer in question to draw

.
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funds to the extent of one thousand rupees per mensem, from the Exe-
cutive Engineer, for laborers to be employed nnder the supervision of
the Sappers, and for materials and miscellaneous expenses connected
with the works. He should of course be required to furnish proper
accounts, and to report progress of work.

I am further to request that the Public Works and Civil Officers
may be called upon to submit estimates of the cost of removing Jotee
Persad’s house, situated on the northern side of the fort, and for effec-
ting a clearance round the Jumma Musjid.

A report is likewise required from the Superintending Engineer, as
to whether space could be found in the fort, to erect two or more
earthen cavaliers, on which the garrison could, in case of need, place
batteries which would enable them to return the fire of assailants, after
the masonry walls should have been so injured as to be incapable of
bearing guns.

A further report by the Superintending Engineer is requested, as to
the armament that will be necessary for the fort, with reference to the
above contemplated arrangements.

The Committee have selected the Meena Bazar, as the site for the
powder magazine. This has the approval of the Governor General,
but the estimate for the work may be deferred until the arrangements
in regard to the ordnance magazines in the Agra fort, shall have been
settled in the Military Department, so as to define the accommodation
to be retained for that purpose.

C. H. Dickzrs.
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No. XVII.
MACHINES FOR RAISING WATER.

Calculation of the labor, and cost of raising water by the different
mackines employed in India by the Natives. By SEerGEANT J.
‘WEBSTER, Assistant Master, Thomason College.

A}

THE heights assumed for raising the water in each case are those for
which it is believed the several machines could be most generally and

usefully employed.
The value of the modulus and the useful effect in each case are as-
sumed after due consideration of the structure of each machine and the

amount of spillage or waste.

1. Tue Beax axp Bucker.
(One man employed.)
‘Water raised 16 feet.
Content of bucket = 45 cubic feet = 2'8 gallons.
Average time of raising the bucket = 20 seconds.
Number of discharges per minute = 8.
Discharge per minute = 8 X ‘45 = 185 cubic feet = 8-4 gallons.
Discharge per hour = 81 cubic feet = 506 gallons.
If we take the useful effect or discharge at 90 per cent, we get—
Actual discharge per hour = 729 cubic feet = 4554 gallons.
2. Bavmve.

(Two men employed.)
‘Water raised 5 feet.
Deliveries in each minute = 20.
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One delivery = } cubic foot = 21 gallons.

Delivery per minute = %2 cubic feet = 42 gallons.
Delivery per hour = 400 cubic feet = 2520 gallons.

If useful effect = 75 per cent., then—

Actual discharge per hour = 800 cubic feet =1890 gallons.

8. Tas Sorere MOT.

(One man and two bullocks employed.)
‘Water raised 40 feet.
8peed of bullocks = 2 miles an hour.
Space gone over by the bullocks at one lift = 80 feet.
Content of bag = 8 cubic feet = 1875 gallons.
‘Weight of water raised at each lift = 187-5 pounds.
Time required for bullocks in turning = ‘4 minute.

Speed of bullocks per minute = g = 176 feet.

Therefore time required to pass over 80 feet = :1—06= *45 minute ;
and time required for one lift = ‘45 + ‘4 = *85 minute.
Number of lifts per minute = % =118
~ Discharge per minute = 1:18 X 8 = 3:54 cubic feet = 22 gallons,
Discharge per hour = 218'6 cubic feet = 1320 gallons.
Useful effect = 70 per cent.
Actual discharge per hour = 149'5 = 924 gallons.
Taking the modulus = ‘9 and the weight of the rope and bag =

42 pounds, the required traction which the bullocks have to overcome is

= 187.5.:' 2= ”.:5 == 255 pounds ; and one bullock = 127 pounds.

4. Tae Dousis Mdr,

(One man and bullock employed.)
‘Water raised 40 feet.
Speed of bullocks = 2 miles an hour.
8peed of bullocks per minute = 176 feet.
Diameter of barrel = 3 feet.
Diameter of bullock walk = 16 feet.
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Length of bullock walk = 16 » = 50-2.

Number of turns of bullock per minute = —;—(7)_23 = 34.

Turns required for drawing up the bag == 3 = 425.

Time retjuired for drawing up the bag = %—242 = 12 minute.
Time for disengaging the barrel and lowering the bag = ‘2 minute.

Total time for raising the bag = 1-4 minute.

Content of bag = 8 cubic feet = 18-75 gallons.
3

Discharge per minute by one bag = 15; = 21 cub. ft. = 134 galloms.
Discharge per minute by 2 bags = 42 cubic feet = 268 gallons.
Discharge per hour by 2 bags = 252 cubic feet = 1608 gallons.
Useful effect = 65 per cent.

Actual discharge per howr = 165°8 cubic feet = 1045 gallons.
Space moved over by the bag at one revolation = 8.

Space moved over by the bullocks at one revolution = 16x.

Ratio of power and weight = 3 : 16 or 1: 5'3.

‘Weight of water contained in two bags = 3875 pounds.

‘Weight of bags and ropes = 85 pounds.

Total weight to be raised = 460 pounds.

Taking the modulus = 7, we get—

‘Work applied = 4,—670- == 657 pounds.

Required traction = -65—5,; = 124 pounds.
5. TaE SINGLE PERSIAN WHEEL.

(One man and two bullocks employed.)

‘Water raised 40 feet.

Diameter of driving wheel == 4 feet.

Diameter of bucket wheel = 4 feet.

At each turn of the bullocks, 6 buckets are emptied, and assuming
the content of each bucket = } cubic foot, we have—

Discharge at each turn = § = # cubic foot = 47 gallons.

Length of bullock walk = 20 = 62'8 feet, and speed of bullocks
= 2 miles an hour, we. get—

Speed of bullocks per minute = 176 feet.
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Number of turns per minute = 2'8.
Discharge per minute = 28 X 4 = 21 cubic foot = 13 gallons.
Discharge per hour = 126 cubic feet = 780 gallons.
Useful effect = 55 per cent.
Actual discharge per hour = 69'8 = 429 gallons.
Buckets are 2 feet apart.
Number of buckets required = 40.
‘Weight of buckets = 80 pounds.
20 buckets being always full, the weight of the water they contain
NX—:N- = 156 pounds.
‘Weight of rope = 22 pounds.
Total weight to be raised = 258 pounds.
Space moved over by the buckets at one revolution = 4.
Space moved over by the bullocks at one revolution = 20 .
- Ratio of power and weight = 1 : 5.
Modulus = 0°6.

‘Work applied = -2_—? = 430 pounds.

Required traction = ‘%‘-’ = 86 pounds.
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No. XVIII.

SOHAN BRIDGE—LAHORE AND PESHAWUR ROAD.

Designed, and now being constructed by LixvuT.-COLONEL ALEXANDER
TavwLoz, C.B.,, R.E,

To The Chief Engincer and Secretary to Government Punjab, P, W. D,
Murree, Tth May, 1862.

Sma,—1I have the honor to submit a revised design and estimate for
& Bridge over the Sohan river. The work proposed is entirely of
masonry, and is less expensive than a bridge baving masonry piers
and timber superstructure with the same width of roadway and same
waterway.

The area drained by the Sohan at the site of the bridge is about 573
square miles, and is very compact in shape. The greatest depth of the
river in floods is 15 feet, and the mean velocity about 8 or 9 feet per
second. The slope of the bed is at the rate of 14 feet per mile. The
calculated mean velocity is 13 feet per second. The discharge calculated
from cross sections of the stream, is in extreme floods about 91,000
cubic feet per second, which is-equivalent to about } of an inch over
the entire catchment basin. The bed of the river exposed to view, con-
sists of boulders, water flows all the year round, and is never less than
1 foot in depth. The true bed of the river is no doubt the hard red
clay of the country, over that may be expected a layer of blocks of con-
glomerate, and over that some 12 or more feet of boulders.

In the design proposed, the foundations of the drop walls, and of the
piers and abutments are all carried through the boulders and conglome-
rate blocks,and rest on the hard clay.
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At the site selected for the bridge, the river is rather wide, being
over 1000 feet, while a few hundred feet higher up, the width does not
exceed 750 feet. (See accompanying plan.) The clear waterway of the
bridge is 945 running feet.

The excavation of the foundations in accordance with the design now
submitted is being vigorously proceeded with, and I hope that a good
deal of the foundation masonry will have been executed by the begin+
ing of the rains. The excavation is now 11} feet below water, and
the influx of water is under 80 cubic feet per minute, while we have
means ready to pump out double that quantity. At 11 feet we have
met with the tops of some conglomerate blocks which renders it pro-
bable that the depth to the clay bottom assumed at 16 feet will suffice.

The tramway bringing stone from the quarry is in full work.

The Governor General has already expressed his approval in regard
to the leading features in this design, that is, the width of roadway and
the substitution of masonry for timber. For foundation work, the pre-
sent and the next months are very valuable, and this coupled with the
foregone approval to the change in design, has induced me to push on
with the work in anticipation of final sanction. ,

The cost of a timber bridge without any flooring was estimated at
4,50,000 Rs.

The cost of the masonry bridge with flooring, and in all respects com-
plete is estimated at 4,28,271 Ra.

Early intimation of sanction to this design is requested, that arrange-
ments may be made for the supply of the large number of bricks that
will be required.

RBzrorT.

The original design consisted of 10 spans of 100 feet each. The
superstructure was of timber on masonry piers, and the bridge was not
floored. The design now submitted consists of 15 spans of 63 feet each,
entirely of masonry and the bridge is floored throughout. It is less
expensive than the original design with the same waterway, and same
width of roadway.

SPECIFICATION.

The foundations to rest throughout on the clay bottom of the river.
The masonry below the flooring to be of coursed rubble, the faces not
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to be dressed. The floor to consist of large blocks of stone well fitted,
and the end stones to be of the largest size and cut to fit closely.

From the floor to the spring of the arches the masonry to be of the
best coursed rubble in large blocks with dressed faces. The imposts to -
be accurately cut.

The arches, spandrel walls, and superstructure of parapets to be of
best brick-work. The cornice to be of cut stone. The surface drainage
of roadway to be discharged through the crown of each arch, by an iron
pipe just clear of the wheelguard.

The entire surface of the roadway to be metalled with broken stone.

The stone to be used is sandstone, from the quarry on the Leh Nul-
lah, and none but the very best quality of stone is to be put into the
work.

ABSTRACT OF ESTIMATE.

- R A P
1,56,694 Cubic feet cut brickwork, at Rs. 85 per 100, - - - 54842 9 0
21,924 " cut stone masonry, at Rs. 50 per 100, - - 1092 0 0
8,04271 rubble masonry in superstructure with dressed
faces, large blocks, at Rs. 25 per 100, - - - - 76,067 7 0
8,24,844 Caubic feet rubble masonry in foundations, at Rs. 22per100, 71,465 7 0
22,08,500 » excavation for fouudations in boulders and
water, at Rs. 20 per 100, - - 44070 0 O
61,00,000 Cubic feet excavation in drainage cuts, partly dry and
partly in water, at Rs. 9 per 100, - 54,900 0 O
15,622 Cubic feet boulders for metalling, at Rs. 2 per 100, - 810 4 0
15,522 » »  to be broken, at Rs. 8 per 100, - - 465 7 0
15,5622 ”» » consolidated, at Rs. 1 per 100, 156 2 0
15 Centenngs, at Rs. 1,600 each, - - = = - 24000 0 O
Pumping and pumping machinery, - - - 60000 0 O
29 Iron drainage pipes, 4 inches thick, at Rs. 22 each - - 638 0 0
Probable loss on ironwork prepared in furtherance of ori-
ginal design being one-third of cost.,, - - - - 10000 2 0
Total, - - - - 407877 6 0
Contingencies at Rs. 5 per cent., 20,398 8 0
Grand Total, - - - 428271 0 O

A. TAYLOR, LIEUuT.-COLONEL,
Superintendent, Lahors and Peshawur Road,
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REPORT OF THE OPERATIONS OF THE GREAT
TRIGONOMETRICAL SURVEY OF INDIA,
DURING 1862-63.

By Maor J. T. WaLkeR, R.E., Superintendent Q. T. Survey.

To the SECRETARY TO THE GOVERNMENT OF INDIA, Military Depart-
ment.
Dekra Doon, 1st September, 1863,
81r,—1I have the honor to report the progress of the Trigonometrical
Survey during the past official year.

In accordance with the sanction of Government, I proceeded, in the
autumn of 1862, to Vizagapatam to measure a Base line. Vizagapatam
is situated nearly on the same parallel of latitude as Bombay; and is
the point where the Bombay longitudinal series, when extended east-
wards to the Madras coast, will terminate. This series of triangles
will form, with the Great Arc Meridional, the Calcutta Longitudinal,
and the coast series, a vast quadrilateral figure, circumscribing the
meridional series of triangles which are required as a basis for the
interior topographical details. Base lines had been measured several -
years ago, by Colonel Everest, at Beder, Seronj, and Calcutta, the
8.W., N.'W,, and N.E. angles of this quadrilateral. One more Base
line remained to be measured, which, for considerations of symmetry it
was desirable to place in the vicinity of Vizagapatam. )

Captain Basevi, the officer in charge of the coast series, being lo-
cated at Vizagapatam, was directed to select the site. After several
trials, owing to the difficulty of carrying a straight line, several miles
in length, 8o as to avoid the numerous irrigation tanks with which this
district is studded, he eventually succeeded in finding a suitable line
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on the undulating plain between the military stations of Vizagapatam
and Vizianagram, at a distance of about fifteen miles to the west of the
port of Bimlipatam. The ground was chosen before the commence-
ment of the rainy season of 1862, when trenches were dug to carry
away the expected rain-fall during the monsoon, and every precaution
was taken to keep the line dry. But when Captain Basevi took the
field early in October, he found that the rains had been so heavy, that
the surrounding tanks had been couverted into lakes, and the line lay
submerged under a siseet of water, in some parts as much as sixteen
feet deep. By great exertions the water was drained off into adjoining
ravines. A portion of the line was ready for measuring, on my arrival
" in December, and the remainder had become fairly dried by the time it
was reached, in the course of measurement. -

The apparatus employed, consisted of a set of compensating bars and
microscopes, on the principle of those designed by Colonel Colby, for
the Ordnance Survey of Great Britain, which had been constructed un-
der the superintendence of Colonel Everest, by whom they were brought
out to India in 1832, This apparatus has been employed in measuring
three Base lines on the great arc, two at the morth and south extre-
mities of the Calcutta meridional series, and two at the extremities of
the Indus series. The length of these bases has, in each instance, been
determined in terms of ten foot standard bar A the unit of measure
of the Indian survey.

At the time this standard was constructed, it was believed that the
length of a well made iron bar, supported by rollers at its points of least
flexure, might be considered invariable for any given temperature. But,
of recent years, there has been a growing tendency to doubt the invaria-
bility which has hitherto been assumed. Series of comparisons made
by the Ordnance survey show there is much probability that the
texture of an iron bar changes gradually in the course of years ; for the
factors of expansion obtained from groups of comparisons made at inter-
vals a few years apart, differ from each other by larger quantities than
are due to errors of observation. It is preferable, therefore, to employ
several standards, constructed of different metals, than to trust to the
integrity of a single bar.

To ascertain whether our standard has altered in length, it would be
necessary to re-measure the whole, or part, of one of the Base lines

24
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which were first measured after the arrival of the bar from England.
I wished to obtain some light on this subject, by re-measuring certain
short sections of the Calcutta Base line, the extremities of which were
originally indicated by permanent marks. But, on examining the posi-
tions of the section mark-stones, I found that, though concealed from
view, there had been a regular thoroughfare over them, for many years,
of carts and elephants, as well as foot passengers ; consequently, they
must, in all probability, have been disturbed, and they cannot be safely
referred to, to decide so delicate a matter as the constancy of the stan-
dard.

Disappointed at being baffled in my efforts to investigate this matter,
by any simpler and shorter process than the re-measurement of a whole
Base line, I determined to mark the intermediate section stations of
the Vizagapatam Base as permanently as the extremities, in order that
any future enquiry regarding the length of the standard, at the time
of the measurement of this Base line, may be conducted without
greater labor than the re-measurement of a short section.

It has been well said, by one of the greatest living authorities on
scicntific matters, that “ the ends of a Base line shoald be guarded with
religious’ veneration.” In this country they are liable to be viewed
with mingled cupidity and dread; the natives sometimes fancy that
money is buried below, or they superstitiously fear that the English-
man’s mark will cast a spell over the surrounding district. In either
case, the mark is liable to be destroyed, as has already happened at the
Seronj Base line.* To ensure the protection of the ends of the Viza-
gapatam Base, I have had substantial domes of cut stone masonry built
over them, without any openings, so that, before the marks can be .
reached, the domes must be pulled down, which will be so laborious,
that the police should be ableto hear of and arrest the perpetrators,
before they have had time to harm the marks.

© On this subject, the following extract is taken from a letter by Colonel Sir George Everest, C.B.,
to the President and Council of the Royal Society, dated 8th April, 1861:—

 The natives of India have a habit, peculiar to human beings in that state of soclety, of attribut
ing supernatural and miraculous powers to our instruments, and the sites which have been occupied
by them. In cases of death,or any other natural visitatious, they often offer up prayers to those sites,
and if the object of their prayers be not conceded, they proceed to all sorts of acts of destruction and
indignity towards them: nay, as in all cases where it was practicable, my station marks were en-
graved on the rock, in sitw, they have been known to proceed in bodies, armed with heavy sledge

ham:mers and beat out evcry vestige of the engraving.'’
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Captain Basevi and the Assistants of the Coast series party, shared
in the measurement of the Base line, which occupied about two months.
The length of the line is six and a half miles. It was divided into three
verificatory sections, which were subsequently checked by two series of
triangles, one on each flank of the base, to test the measure of each
section against the others. These tests were satisfactory; for the ex-
treme difference between the measured length of the whole base, and
its computed length by triangulation from either section, has been found
to be one inck. The comparison of the measured length, with the com-
puted value brought down by triangulation from the Calcutta Base line
is singularly satisfactory, for the error of the computed value is only
one quarter of an snch, though the triangulation embraces a distance
of four hundred and eighty miles, much of it passing over flat plains
which are covered with dense forest and jungle, and very difficult to

" work through.

On the completion of the Base line, Captain Branfill was deputed to
connect it with the principal triangles of the Coast series, and to exe-
cute the verificatory triangulation between the sections. Meanwhile,
Captain Basevi proceeded, by my instructions, to make a reconnoisance
of the neighbouring territories of the Rajah of Jeypore.

It is a singular fact that, in the vicinity of the British stations of
Vizagapatam and Vizianagram, and within sixty miles of a coast which
has been frequented by British traders for upwards of a century, there
is an extensive tract of country, subject to a friendly Rajah, of whish
less is known, than of districts occupied by hostile tribes along the
frontier of our recently acquired Punjab Provinces. A glance at any
map of the Madras Presidency reveals a great blank in our geographi-
cal knowledge, in the tract of country which lies parallel to the coast,
and N.E. of the Godavery river. Its deadly reputation appears to have
been a bar alike to the explorations of the curious and scientific, and
to the visits of sportsmen. No regular survey of it has ever been
attempted ; the few places given in the map seem to have been ob-
tained from native information, for they are generally exceedingly er-
roneous.

A reconnoisance-of this tract was required for our own operations, in
the extension of the Bombay Longitudinal series to Vizagapatam. As

.any reliable information regarding land so little known might be expec-
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ted to be of much value and general interest, I was much gratified when
Captain Basevi volunteered to reconnoitre this erra sncognita ; though,
at the sametime, I could not but feel apprehensive for his safety in a
country so deadly, for his route would have to pass through dense jun-
gle, in which it would be necessary for him to preserve his reckoning by
the troublesome process of traversing, which, under such circumstances,
is very laborious, and entails the necessity of performing the greater part
of each day’s march on foot. The inevitable exposure to be thus under-
gone is very great, in a tropical climate, snd when the district to be
traversed is known to be exceedingly feverish and unhealthy, no small
amount of courageis needed, to prompt a man to volunteer for such a task.

Captain Basevi took with him ore European Assistant, Mr. O’ Neill,
and a few natives. He himself, fortunately escaped with a slight attack of
fever, but Mr. O’Neill suffered severely, and has not yet recovered,
and the natives of the party were also, more or less incapacitated by
fever, so that but for the assistance afforded by the Rajah of Jeypore,
the operations would have been stopped almost at their very commenoce-
ment. The results are, a good preliminary map of Jeypore, which has
been forwarded to the Surveyor General, to be lithographed and pub-
lished ; & report by Captain Basevi, giving details of his route, and a
general description of the country ; several valuable astronomical deter-
minations of latitudes and longitudes, and barometrical determinations
of heights; also memoranda of various other routes, the details of which
were obtained from native information, In consideration of the great
value of Captain Basevi’s services, he has been permitted to proceed to
Europe on furlough for one year, during which his appointment will be
kept open for him.

During the summer of 1862, the field season of the Kashmir survey
party, the triangulation made great progress to the east of Léh, and
stations were fixed on the Chinese frontier, from which 8 number of
peaks in Tartary were determined. Some of these were more than one
hundred miles distant, and will materially aid in the construction, from
native information, of maps of districts into which the surveyors will
probably be unable to penetrate. Several of the stations observed
from, were over 20,000 feet in height above the sea, and Mr. Johnson
visited one peak of a height of no less than 21,073 feet, but, owing to 8
very heavy fall of snow, was unable to observe from it.



185

A great many points were fixed in the Pangkong district. The whole
of Astor was triangulated, and several peaks were fixed to the north of
Gilgit ; none of these were-of any great height, the highest being only
a little over 19,000 feet. The natural difficulties of the country were
at first much enhanced by bad weather, which came on with the heavy
rains in the southern and outer Himalayan range. Notwithstanding
these circumstances the out-turn of work has been good, and the gene-
ral progress very satisfactory, the total area of the triangulation being
about 10,600 square miles, and of topography 10,400 square miles, on
the scale of four miles to the inch.

The Topographical operations made good progress, though not so
great as would have been the case had all the assistants retained their
health. Unfortunately two of them, on entering the higher ranges,
broke down completely, and a third had to leave off work early in the
season. The ground sketched was generally very elevated and barren,
the surveyors’ chief difficulties arising from the want of provisions and
firewood, and sometimes even of fresh water. The plane table sketches
required for the map of Little Tibet have been completed, and lodged
in the head-quarters office at Dehra. A glacier, about twenty miles
in length, was discovered by Mr. Ryall at the head of the Nubra Val-
ley. Some large glaciers were also found in the neighbourhood of the
Nanga Parbat.

I fully concur in the testimony which is borne by Captain Montgo-
merie, to the great zeal with which these arduous survey operations
have been carried on by all the assistants under his orders. The good
fortune of success has hitherto attended all undertakings executed un-

_ der the superintendence of this officer.

There is much reason to expect that, if the snows are not nunusually
heavy, and if most of the surveyors keep in good health, the remainder
of the country to be surveyed in and around Kashmir and Ladak, will
be completed during the next field season. Captain Montgomerie has
made every effort to persuade the Maharajah of Kashmir to allow one
of our surveyors to go to Qilgit, and has obtained a half promise to
this effect. Possibly the fear of being called to aceount, should any
harm happen to a European in }is territories, causes the Maharajah to
hesitate to sanction an undertaking which might be scmewhat perilous.
He informed Captain Montgomerie that, during the late winter, his
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troops in Gilgit had been sleeping : no exacter information could be
elicited than what is suggested by this metaphor. If, as Captain Mont-
gomerie thinks likely, the sleep was that which knows nv waking, the
Sikh garrison of Maharajah must have been massacred by the hill tribes,
in which case there is little hope of our surveyors being soon able to
penetrate into Gilgit.

The eastern frontier party, under the charge of Mr. C. Lane, Chief
Civil Assistant, has been employed, throughout the field season, in In-
dependent Tipperah. At the end of the preceding season, this triangu-
lation had reached a point to the south of Cherra Poonjee, on the
confines of Tipperah, where the British boundary retrogrades west-
ward to a considerable distance, so that the triangulation would have
had to make an extensive circuit, in its onward progress to Chittagong,
had the operations been required to be kept within the British bound-
ary. Fortunately, Mr. Buckland, the Commissioner of Chittagong, had
sufficient influence with the Maharajah of Tipperah to induce him to
consent to our operations being carried across his territory, on the
direct line to Chittagong.

Mr. Lane proceeded, in the first instance, to Agartolla, the chief
town of Tipperah, where the Maharajah resides ; and there he succeed-
ed in securing the friendship and good-will of the prince and his court
to an extent to justify the expectation, which was subsequently realized,
of obtaining their cordial assistance and co-operation. Mr. Lane de-
serves much credit for the tact he has displayed in cultivating amicable
relations with the barbarous races that inhabit the hill country of Tip-
perah, who have long been a terror to the industrious population of the
plains within the British frontier. Mr. Lane has sent a valuable re-
port on the portion of Independent Tipperah traversed by himself and
assistants during the past field season.

The east Calcutta longitudinal series party was formed on the 1lst
September, 1862, and placed under the charge of Lieutenant Thuillier.
The object of this series is to become the basis for the surveys of the
districts of Nuddéah, Jessore, and on, vid Dacca, to the eastern frontier
along a parallel of latitude alighty north of Calcutta. The publica-
tion of the sheets of the Indian Atlas, v;hich embrace these districts has
long been delayed for want of this trisngulation.

The party proceeded from Dehra Doon, by steamer and railway, to
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Caicutta, where they took the field in November on the termination of
the rainy season. Operations were commenced at Chinsura, on a side
of the Calcutta meridional series. Much assistance was derived from
a carefully executed Map, prepared in the Surveyor General’s Office, by
which Lieutenant Thuillier was enabled to lay out his lines so as to
pass through a8 minimum amount of property. In working through
forests and jungle, it is usual, in the first instance, to cut a narrow
glade, in a perfectly straight line, through all intermediate obstacles,
in the direction of the required station; when this trial line has been
carried over a distance of eight to ten miles, the ground beyond is care-
fully reconnoitered for a suitable site, to which a line is cut from a con-
venient point in the trial line ; thus two sides and the included angle of
a triangle are given, with which data it is easy to ascertain the direct
line between the two stations, which i is then cleared to obtain mutual
visibility. Owing, however, to the valuable nature of the property
through which the triangles were carried, it was necessary to run a tra-
verse along each line, with numerous intermediate bends, to avoid
houses and orchards. In clearing the final line, great caution was re-
quisite to prevent any tree from being cut down needlessly, a matter of
gome importance in Bengal, where every tree is more or less valuable,
and has to be paid for. These circumstances greatly increased the la-
bor of the preliminary operations, and protracted them over a longer
period than is usual.

Further delay was caused in building the principal stations. These
are usually, towers, with a central pillar, four feet in diameter, of burnt
brick and lime masonry, surrounded by a platform of unburnt bricks
and mud, fourteen to sixteen feet square, the whole raised to a height
of twenty to forty feet, according to the nature of the obstacles to be
overlooked. This structure has been adopted on account of its cheap-
ness, and the rapidity with which it can be constructed ; it has hitherto
been found to be well adapted to our requirements. But it appears to
be inapplicable to the rainy and moist climate of eastern Bengal, where
unburnt bricks rarely have an opportunity of drying sufficiently to be
safely used, in raising a structure of such necessarily large dimensions.
At one of Lieutenant Thuillier’s stations, in consequence of the em- -
ployment of damp materials in the unburnt brick-work, and constant
and heavy falls of rain during the construction, the building gave way
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under the weight of the instruments and observatory tent. Fortunate-
ly, the large theodolite was packed in its case, and received no injury,
but the season was too far advanced for the tower to be rebuilt before
the setting in of the monsoon, and as the mishap occurred in the first
polygon of the principal triangulation, and there were no more towers
ready in advanoe, the out-turn of work, as measured by the area trian-
gulated, is unusually small, though much valuable experience has been
gained, and there is every reason to hope that there will be a full
out-turn of work next season. The design of the tower stations will
have to be altered to suit the climate of eastern Bengal; in lieu of
the present solid mass of earthwork, it will be necessary to build a
masonry wall around the central pillar, to support the observer’s plat-
form. .

The Rahoon meridional series, under the superintendence of Mr. H.
Keelan, First Assistant G. T. Survey, was brought to a termination
during the last field season, by being extended southwards until it
joined the Great Longitudinal Series of Triangles, connecting Calcutta
and Karachi. The meridional distance triangulated is sixty-nine miles,
by thirteen principal triangles, arranged in polygons, for mutual veri-
fication, and covering an area of 1,608 square miles.

This series has taken six years to accomplish. It was commenced by
Mr. Logan, late first Assistant G. T. Survey, but has been chiefly exe-
cuted by Mr. Keelan. Itis double throughout, the triangles being
arranged in successive quadrilaterals and polygons of remarkable sym-
metry. Its meridional length is 457 miles ; the principal and secondary
triangles cover an area of 23,620 square miles. The computations and
maps connected therewith will be completed by the 1st October, when
the party will be transferred to the districts on the meridian of 84°, -
between Sumbulpoor and the east coast. The total cost of the ope-
rations, up to 1st October, will be about rupees 2,01,609, which gives a
rate of rupees 8-8-6, or about 17 shillings per square mile.

The field operations of the Gurhagurh series, on the meridian of Um-
ritsur, were brought to a termination at the end of season 1861-62,
when it formed a junction with the series of triangles on the same me-
ridian which had been brought up by Captain Rivers as far as Ajmere,
from the Great Longitudinal series. By the 1st October, 1862, the
Tecess computations and charts were completed, and the party was avail-
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able for transfer elsewhere. This series has taken five years to com-
plete ; the greater portion has been executed by Mr. George Shelverton.
Its meridional length is 557 miles ; the area covered by the principal
and secondary triangles, 19,096 square miles; the cost, rupees 1,08,212,
which gives a rate of rupees 5-10-8, or about 11 shillings per square mile.

The Sutlej series follows the left bank of the Sutlej from its junctiom
with the Indus, near Mithunkote, to a side of the Gurhagurh series,
near Ferozepoor. It was commenced towards the close of field season
1860-61, by Lieutenant Herschel, and was completed last season by Mr.
Shelverton. It is single throughout. The recess computations will be
completed by 18t October, when the party will be transferred to the me-
ridian of 80°, to execute the required triangulation between Jubbulpoor
and Madras. During the past field season the triangulation extended
over a distance of 112 miles, covering an’area of 1,366 square miles. A
very creditable amount of secondary triangulation was also executed.
The total cost of the series, up to 1st October, the date of its comple-
tion, will be about rupees 80,743 ; the total area covered by the trian-
gulation is 8,142 square miles, thus giving a rate of rupees 9-14-8, or
nearly 20 shillings per mile.

The Bombay party, under the superintendence of Captain Haig,
Royal (Bombay) Engineers, having completed the griangulation in
northern Bombay, was deputed to execute a series of triangles to the
south of the parallel of Bombay, on the meridian of Mangalore. 'While
the preliminary operations and selection of stations were proceeding,
Captain Haig marched to the origin of the Bombay longitudinal series,
with & view to making this series double throughout, by adding flank
stations, so as to form polygons in parts where there were only single
triangles. On reaching the ground, it was found that the ends of the
Beder Base line were, fortunately, in good preservation. Three of the
advanced stations had, however, been completely destroyed. Captain
Haig judiciously determined to triangulate the series anew, as far west
as the Mangalore meridian. The revision having been executed with a
& much superior instrument to that employed in the original triangula-
tion, the value of this portion of the Bombay Longitudinal series is
very greatly enhanced.

Having completed this revision, Captain Haig was proceeding with
the principal triangulation on the meridian of Mangalore, when an un-

B2
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toward accident brought his operations to an abrupt termination. The
large theodolite was set up for observation on the tower station of Pal-
wan, when, without any previous warning, the tower gave way on one
side, causing the fall of the instrument and observatory tent, whereby
the instrument was so seriously injured that it is incapable of being again
used, until it has been repaired by the makers in England. Fortuna-
tely, the horizontal circle, the most valuable portion, appears to have
escaped injury, but the vertical circle was destroyed, and the injuries
are such that the instrument cannot be repaired in this country. Capt.
Haig convened a Court of Enquiry to report on the circumstances ; the
proceedings of the Court have already been submitted to Government.
The Court came to the opinion, in which I entirely concur, that the fall
of the tower was occasioned by the sudden and unexpected sinking of
the ground below, and that no blame is attributable to Captain Haig
or any other person, for the mishap.

- Captain Haig had already turned out a very excellent season’s work,
comprising thirty-two principal triangles, covering an area of 6,625
square miles, and extending over a length of 260 miles, whereof 66 ap-
pertain to the Mangalore meridian, and 194 to the parallel of Bombay.

The Spirit Levelling operations were carried on by Mr. Donnelly,
Civil Second Assistant, under the superintendence of Lieutenant Thuil-
ler. The party accompanied me to Calcutta, to receive the necessary
instructions regarding the programme of the season’s operations, which
could not be decided on until I had obtained reliable information re-
garding the Railway levels between Calcutta and Agra. I had hoped
to be able to incorporate these into our work, so as to avoid the labor
and expense of carrying a line of levels all that distance. During the
previous field season, a connection had been made, at Agra, with the
Railway levels brought up from Calcutta, and the G. T. Survey levels,
brought up from the mean sea level at Karachi. The two sets of re-
sults differed by about twenty-four feet, and it was hoped that all dif-
ference would disappear, on connecting the Railway datum, the site of
Howrah Dock, with the mean sea level of the Bay of Bengal.

That level had already been closely ascertained, by a series of tidal
observations taken at Kydd’s Dock, and subsequently verified by others
taken at Kejiri, from the description of which (vide foot-notes) it is
evident that the mean sea level of the Bay of Bengal may be considered
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to be known, to within a few inches of the truth.* On connecting the

© The following description of the connection of Kydd's Dock with the mean sea level of the Bay of
Bengal is taken from a Report, dated 1st November, 1854, on the Calcutta: Meridional Beries, by
Colonel Waugh, Surveyor-General, and Superintendent G. T. 8, :~—

“ A register of the tides in the river Hoogly is regularly kept at Kydd's Dockyard, near Calcutta,
the height of each successive tide being referred to a fixed datum line or zero which is the bottom or
sfll stone of the dock, and therefore an object of invariable character,

“ A transeript of the register of the tides for two years, viz., from May, 1846, to April 1848,
having been obtained from the Marine Department, a monthly abstract of mean tide was deduced
therefrom.

“ The waters of the oocean@ould maintain a constant level if undisturbed by the action of the sun
and moon. La Place has demonstrated that this level is a mean between the highest and lowest state
to whith the surface of the ocean is reduced by the attraction of those bodies. This mathematical
truth is corroborated by observations made on open coasts, from which it results that the mean of high
and low water for two consecutive tides represents, very nearly, the level of the sea, and that the
average for a lunation is constant within a very small quantity.,”—Fide Professor Whewell's Report,
Vol. VII., British Association's Report.

¢ An examination of the abstract of monthly mean tides will, however, show that considerable
frregularity exists in the river Hoogly, the monthly means differing as much as six and a half feet,
Now if the 1 be idered as the true level of the sea, it would follow that for some
months, consecutively, the mean height of the river is two and a half feet below the sea level, a
conclusion which is altogether inadmissible.

¢ The lowest monthly mean tide oocurs about February and March, when the fresh water in the
river is lowest, and strong Southerly winds do not prevail. The mean tide rises gradually, as the river
rises during the south monsoon, untfl it attains its maximum in September or October, at which time
the monthly mean exceeds that of Fetruary by no less than six feet. This rise is, obviously, the
effect of lati duced by inundation in the Valley of the Ganges, and the force of the
8.W. wind, which dsmn up the freshes in the long and narrow channel of the river.

“ It has been remarked by Colonel Cheape, Chief Engineer, in his memoirs, dated April, 1825, that
the surface of the Salt Water Lake, wherein the rise of the tice is almost imperceptible, would on ac.
count of its wide expsnse, represent very accurately the level of the sea with which it communicates.,
He also observes that Captain Taylor’s levels indicate that the surface of the lake in the dry season is
2 feet 4°3 inches below the mean state of the river. This result corresponds very nearly with the
mean tide of the river itself, which in Pebruary is 2 feet 5 inches below the level of the annual mean.

“ Colonel Cheape further states that the periodic rise of the surface of the lake in the wet season is
ten inches. Now, the contemporaneous rise in the mean tids of the river has been shown to be six
feet, and as the cause of these elevations is precisely the same, though the effects are in the ratioseven
to one, the greater rise in the river can clearly be attributed only to the nar of ita ch 1 com-
pared with the bay : it is probable that a fderable portion of the rise of ten inches in the surface
of the lake is also due to accumulation ; so that, although a rise may be supposed to take place in
the level of the sea at the head of the bay, during the continued pressure of the 8.W. monsoon, still,
that elevation must be much less than what takes place in the lake, where the effect of this rise is in-
creased by the narrowness of the channel, and the influx of fresh water during the inundation.

“ It has been shown, that if the annual average of mean water be taken as the sea level, it would
lJead to the inadmissible conclusion that in the dry season, the average level of the river at Calcutta is
twenty-nine inches below the sea, with which it freely communicates. It has also been shown that
the surface of the great 8alt Water Lake, in the dry season, is on a level, or nearly so, with the mean
tide of the river at the same time. It is likewise manifest that the periodic rise of mean tide during
he monsoon, to the extent of six feet in the river and ten Inches in the lake is occasioned by local

independent altogether of the true level of the sea, which is a constant level, and these causes,
i uppem, P g in nurov h 1s are ble of producing exaggerated results in the propor-
tion of seven to one, showing clearly the fact of wcumul-ﬁon. Hence the conclusion is inevitable,
that the lowest monthly mean tide of the river, observed in February and March, represents the near-
test approximation to the actual sea level, and that the rise of mean tide at Calcutta during other
months may fairly be ascribed to disturbing causes of an inland character, altogether independent of
the true and constant level of the ocean, The variable character of the disturbing causes is shown by
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Railway levels with Kydd’s Dock, it was found that there still remained

the fact that the monthly means of corresponding months, for the two years differ considerably, except
in the months of Pebruary and March, the monthly mean tides of which are very accordant.

* Proceeding upon this principle, I have used the following observations to refer the datum line in
Kydd's Dock to the sea level :—

Mean tide February, 1847, above datum as measured on guage, o - 811 feet.

”» March, ” ” ”» » .oe o 845

” February, 1848, B " ” oo - 348 ,

”» March, ” ” ” ”» e - B350

” Pebruary, 1850, ” » " @ = - 818 ”»

» March, ”» » ” ” o - 862 ,

” Pebruary, 1851, ” ” ” e -~ 794,

” March, ” ” ” ” oo - 836 5
Mean, e oo 8°348 foet
“ Correction for error of graduation on gauge by Mr. Bedford’s measurements, 0°576 feet.

* By tides measured at Calcutta in February and March, mean ses level above

datum, . . os 8°576 feet.

¢ Again, in the years 1850 and 1851, Mr. Bedford, the Marine Surveyor, took a series of tidal
observations at Kejirl, and connecting this point by a series of levels with Kydd's Dock, found the
datum line at the latter point is 9-07 feet belew the sea level. Mr. Bedford’s obsesvations, from which
this result is derived, are as follows :—

Mzay Levers or TEE RIVER's MOUTR AT KBJIRY, AT NEAP TIDEs, POR TEE YBARS 1850
AND 1851, EXCLUDING THE SOUTH-WEST MONSOON.

Hi
Monthe, LowSater. High Water. Mean.
1850. Poet.  Inches.| Peet.  Imches. I:d. Iuc:a.
H) 0 1n 9
January, o A ° n H 7 “‘
5 [ ] n [] 8 3
Pebruary, ... . e e s ‘ ° n M M 13
[ ] 0 11 [] 8 [)
March, o . 9 2 0 M 4
[ 9 11 0 8 ]
Aprlee e e e |} A M H ‘7)!
¢ 9 13 0 9 4
May, ... . . s oo 5 2 13 0 ° H
6 ] 13 3 9 1
T - I H " 2!
November, .. . . e .. 7 [ 13 3 9 7
4 9 | 18 0 8 104
December, .. .. . 5 9 | 1 ] s 3
o e em A ¢ 12 3 4 “
1851.
4 6 n 9 3
January, .. e e e ew H H n H 4 ;’
r 3 |1 3 7 ?
FPebruary, ... o . H 0 10 3 7 7
4 9 n 0 7
March, e e . o s H 3 1 9 9 's‘
[] 3 12 9 [] 0
April, ... o 7 0 10 6 8 9
[} 6 12 [ 9 1
May, . e we e e 3 o | 13 N H ’l
[] [] 14 [} 10 3
L - o | 13 S :
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a difference of about twelve feet between the Railway and the Survey
height of Agra.®* On discussing this subject with the Chief Engineer of
the Railway, I ascertained that there were several breaks in the Railway

feet. inchos.
¢ Mean height of sea level above the datum line at Kejiri, ... . 8 975
“ Datum line at Kejiri above that of Kydd’s guage, e o 0 238
“ Sea level above the datum line of Kydd’s guage, o s 9 o063

n—
 Which reduced to decjmals of & foot, becomes, ... o ™ 9-053

¢ Which differs from my determination by half a foot ; but, if the tides at Kejiri for February and
March be alone taken into account, at which period the inland waters flowing seaward are lowest, the
result would agree with that derived from my discussion of the tides at Calcutta to about one inch,”

e Mr. Donnelly reports that he was much delayed by the discrepancies which were found between
his levels and these of the Railway. They entajled the of two sections, one fifteen,
the other twenty-six milgs in length. In the first, the discrepancy was five feet ; in the second
seventeen and a-half feet. Mr. Donnelly and his Aseistant re-measured both these sections, and
obtained results differing from their first results by only <032 of afoot in the first instance, and
«043 in the second, clearly shewing that the error did not lie in their work.

In the course of the Field 8eason, Mr. Donnelly laid down nine G. T. 8. Bench-marks, fixed two
Q. T. 8. Trigonometrical Stations, and connected one hundred and forty-one points, principally Rafl-
way mile-stones, Bridges, Bench marks, and Station Platforms.

CoMPARISON OF RAILWAY anp G T. Suavey Levrixp Helears.

@. T. Sarvey. Railway.
Names of Rail - @.T
Stations snd Beach moarks. Hetght, n a _s. Remarks,
abovadioan [sbove Howrablabove Howrab
Sea Level Dock SUL Dock Stl1L. Railway.
Berampoor, .. .. |+ 20910 | 4 32:852 | 4 32:28) [ 4 0°322 | Level of Rails.
Pundoos, .. .. |- 43308 | 4 84031 | + 84140 | 4+ o0°100 Do.
Dymaree, .. .. |+ 6669 )4 78°3% | 4 78360 ' 8-070 Do.
Burdwan, we o | - 1000325 | 4 111°968 | 4 107260 | - 4-698 Do.
Kanoo Junction, ... | - 121°439 | + 188172 | 4 128-350 | + 4933 Do.
Gooskarrah, ... .. |+ 110948 | 4 122137 | | g2 | 4 3887 Do.
Beddiah, we oo | - 132°370 | - 143°908 | 4 149°250 | 4. 5-663 Do.
Bulpoof,.. .. .. |+ 166°635 | 4 171°268 | 4 167-350 | + 4°018 Do.
Ahmadpoor, .. .. | F 134313 | 145846 | . 1424350 | - 3-598 Do.
Cynthea, we . | 1 168°320 4 179-068 | 4 176-280 | 4 8713 Do.
Dullarpoor, .. .. | T 143709 | 4 155:362 | 4 15138 | 4."’{:}&-1‘}:‘:-5?:80-
juare ar 08D
Rampoor Haut, B, D., | 4 116:810 4 128148 | 4 124960 | 4 3e483 ‘{' ‘gwl'k'ﬂf' oppo-
site -office.|
PRKOWE,.. o | 10959 | 4 116028 | 4 113350 | 4 3775 [Level of Ralle,
Teenpabar, .. .. | 105770 | 4 115 423 | 4. 129°350 | — 13-838 Do.
Square Pillar on Line|
Tilliaghuree, B. D.,... | 4+ 110900 | 4 138-588 | + 135830 | - ".m{ %o E., marked D.
Heel Stge cg G-z
. . . - 13 way . Gate
Do. oo oo |4 96°638 | 4 108371 | 4 131°090 nm{ Foll N, side ot
ginal B, D,
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levels, fbat, in consequence of the pressure of other work, there had -

been no opportunity of preparing a correct and true section of the whole
line, and that it was contemplated to re-level the line, as soon as the
Engineers had leisure to do so. I decided, therefore, on deputing the
levelling party to re-level the line of the Railway, and connect all the
Trigonometrical Stations within reach thereof.

Mr. Donnelly made good progress, and accomplished two hundred
and forty-two miles of first-class levelling,® forty-ome of which had to
be re-levelled, on account of large discrepancies which were found in the
Railway levels. The operations had reached the vicinity of Bhagulpore,
when Mr. Donnelly was compelled, by severe illness, to cluse work.

During the year under review, I was called upon to collect all the
available data of levels, existing in the Public Works, Railway, and
Survey Offices, all over India, in order to reduce them to a common
datum. As a first step towards this desirable measure, I have publish-
ed & volume of Tables of Levels, based on the Spirit-Levelling opera-
tions of this Survey, and reduced to the mean sea level of Karachi
harbour, a8 their datum. Additional volumes will be published as
soon as possible. They will enable Officers of the Public Works and
Railway Departments to reduce their levels to the mean ses, by con-
necting them with the nearest Bench-mark, or Station of the Trigo-
nometrical Survey. In most instances, however, the business of con-
necting will probably devolve ou the Survey Department. At present,
we have only one Levelling party, which is employed in Bengal; I
therefore submitted a project for the formation of other parties, to
carry on operations, simultaneously, in the Madras and Bombay Presi-
dencies, as the only means of speedily accomplishing an operation, of
which the practical value will be greatly enhanced by early completion.
Unfortunately, financial reasons have interfered to prevent this proposal
from being sanctioned.

I now proceed to report on the Astronomical Observations for the
determinations of the Latitude and Longitude of the Andaman Islands,
which were instituted on a representation by the Superintendent of
Port Blair, that the erroneous positions assigned to some of these

® With an Assistant levelling the line, independently, behind him, station by station, after the
method described in the published volume of Tables of Helghts,
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Ielands, in the published Charts, endangered the safety of ships sailing
between Calcutta and Singapore. Under the orders of Government
in the Home Department, the Surveyor General had deputed a Sus-
veyor, Mr. Nicolson, to conduct the necessary observations, the superin-
tendence of which was subsequently transferred to the Trigonometrical
branch of the Survey.

Mr. Nicolson started from Qalcutta early in December, 1861, to re-
connoitre the Coco and Andaman Islands. He found that, in order to
take a complete Series of Astronomical Observations at the Great Coco,
it would be necessary to have a steamer placed at his disposal for some
weeks, to keep up his communication with Port Blair, and bring the
necessary supplies for his party.

About this time, a communication was received from the Bombay
Government, representing that there was as much doubt about the
accuracy of the position of Port Blair, as of that of the Coco Islands.
Under these circumstances, it seemed advisable that Mr. Nicolson
should begin operations by fixing Port Blair, in order that the proposed
operations might be commenced at the place where the greatest facili-
ties for their execution existed.

The inaccuracy of the present Charts of the islands lying between
Sumatra and Burma being admitted on all sides, it appeared necessary,
in the absence of any regular survey of those islands to fix, by as-
tronomical observations, the positions of Acheen Head, Port Blair, the
Great Coco, or the Preparis Island, and anisland in each of the other
groups intermediate between Acheen Head and Cape Negrais. It is
believed that the relative positions of the mutuslly visible islands of
each group are already correctly shown on the Charts; consequently,
by determining the absolute pesition of a point in each group, it
would be poesible to rectify the existing Charts, without making a
general re-survey.

Mr:- Nicolson, having completed his reconnoissance, returned t°
Calcutta in February, 1362, by which time one of the large 8-foot
astronomical circles of the Trigonometrical Survey had been got ready,
and a portable observatory, with rotating dome, constructed for the
observations. There was no good astronomical telescope available in
the stores of the Mathematical Instrument Department ; consequently,
Mr. Nicolson was directed to take all his observations, whether of
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occultations, eclipses, or moon culminations, with the telescope of the
astronomical circle, which he could point to any part of the sky,
through the aperture in the rotating doms of the observatory. Owing,
however, to the small nnmber of occultations and culminations which
occur monthly, and the risk of losing some of them in cloudy weather,
Mr. Nicolson was directed to base his observations for Longitude
chiefly on the measurement of lunar eenith distances, for which the
astronomical circle is well adapted. He was supplied with an astro-
nomical clock, and all other necessary instruments, from the Calcutta
Observatory.

In May, 1862, Mr. Nicolson had set up his observatory at Port
Blair, and was ready to commence observations. Unfortunately, the
season of fine weather had then nearly terminated ; the monsoon set in
with unusual severity, nights favorable for observing were few and far
between, and, consequently, several months elapsed before the whole of
the necessary observations for Latitude and Longitude were completed.
The work was further impeded by the delays attendant on postal com-
munication between Calcutta and Port Blair, making it very difficult
for me to exercise that degree of supervision over the operations, which
their delicate and difficult nature required.

By the end of 1862, Mr. Nicolson reported that he had taken a
sufficient number of observations to fix the position of Port Blair ; he,
therefore, applied for a vessel to be placed at his disposal to enable
him to proceed to fix the positions of the Great Coco, and other islands.
Owing to postal and other delays, it was not until the end of February,
1868, on my return from Vizagapatam, that I learnt £rom the Marine
Department that no vessel was available, nor could one be got ready
before the fine weather season would have terminated.

From the same communication I also learnt that the Secretary
of State for India had ordered a complete Maritime Survey of the
Andaman Islands to be executed. Being then in Calcutta, I went to
Captain Rennie, the Secretary to Government of India, Marine De-
partment, and was informed that, under instructions from the Admi-
ralty Hydrographer, it had been determined to find the differences of
Longitude between the various groups of islands, chronometrically, by
a battery of thirteen or fourteen chronometers.

The circumstances under which it was originally proposed to fix a
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series of positions by astronomical observations had thus entirely
altered. The complete Maritime Survey, which has been ordered by
the Right Hon. the Secretary of State for India, renders further as-
tronomical observations unnecessary, The determinations of differ-
ences of Longitude, which are the only really difficult portion of the
work, can be done chronometrically by the Marine Surveyors, with
much greater rapidity and economy, and, probably even with greater
accuracy, than by the best astronomical observations for absolute
Longitude,

Consequently, in March last, I desired Mr. Nicolson to restrict his
operations to taking as many more observations for the determination
of the Longitude of Port Blair, as could be obtained before the setting
in of the monsoon, and then to return to Calcutta. He reached the
Presidency in June, and has ever since been employed in reducing his
observations. They consist of 82 lunar culminations, 136 lunar zenith
distances, 180 transits of clock stars, and 162 meridional zenith dis-
tances of stars for Latitude, observed up to the 12th March, when the
astronomical clock met with an accident, and Mr. Nicolson was after-
wards- obliged to employ a chronometer. His subsequent observations
are, consequently, not as valuable as the earlier ones; they consist of 9
culminations, 64 lunar zenith distances, and 86 clock stars. The whole
of the Latitude observations have been reduced, and found exceedingly
. satisfactory. There has not yet been leisure to reduce more than a
few of the observations for Longitude, but the results obtained hitherto
are satisfactory. The final resulting Longitude will be communicated
for publication in the Calcutta Gazette as soon as ascertained. It
should serve as an excelleut datum for the proposed Maritime Surveys,
and save the expense of a series of voyages between Madras and Port
Blair, which wonld otherwise have to be incurred to obtain a good
chronometric determination of the Longitude of Port Blair.

o2
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The Computing Office has been employed in & variety of preliminary
operations, which are necessary to form the basis of a general reduction
of the whole of the principal triangulation of this Survey, which will
shortly become necessary, now that almost the whole of the trian-
gulation of the tracts of country comprised in the great quadrilateral
figure connecting Calcutta, Karachi, Attok, and Purnes, is completed.
Though the triangulation has been executed with the very best instru-
ments, and though the system of observation which was introduced into
this Department by Colonel Everest, is more rigorous and accurate
than that of any European Survey, it is evident that, in consequence of
the vast length of each Series, and the imperfections which necessarily
attend whatever is the work of human hands, each Series generates &
certain amount of error, which becomes apparent as linear error on the
termination of the Series on a measured Base line, while on the close
of a circuit formed by two Meridional Series, and the portions of the
connecting Longitudinal Series at their extremities, it produces errors
of Latitude, Longitude, and Azimuth. The dispersion of these errors
in such & manner as to obtain the most probable results of the whole,
giving its due weight to each fact of observation, and taking into con-
sideration the bearing of every such fact on all the rest, is a matter of
great intricacy and difficulty, on which it will be necessary for me to
consult with the ablest athematicians of the present day in Europe,
before deciding on the systgm to be finally adopted. Meanwhile, the
necessary preliminaries for the eventual calculations are being carefully
elaborated by Lieutenant Herschel, to whom I am indebted for
numerous very valuable suggestions, and for co-operahon as cordial
as it has been unintermittent. '

‘While the practical operations of this department may be conﬁdently
pronounced to be of a superior order to similar operations in any other
part of the globe, it must, on the other hand, be admitted, that the
theoretical applications, for the reduction of the triangulation, have not
kept pace with recent improvements in geodetical science, which have
been introduced into some European Surveys. The method which has
hitherto been employed for reducing the observed angles, so as to satisfy
all the equations of condition of each figure, though a great improvement
on any previous method, has had, in its turn, to give way to the sub-
sequently discovered method of minimum squares. The algebraical
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solution of the equations necessary to satisfy the condition that the suim
of the squares of the errors shall be a minimum, is by no means difficult,
but hitherto there has been no practical adaptation of it in this Survey,
chiefly owing to the pressure of other and more urgent business, on
those alone capable of dealing with the subject. Much progress has,
however, been recently made in this direction, and Lam indebted to
Lieutenant Herschel for devising methods of calculationy which will
enable the reduction of our figures to be effected, according to the new
and rigorous system, by native computers poesessing little more than &
knowledge of arithmetic, with even greater facility than the less refined
methods of reductiony, which have hitherto been employed.

The Drawing Office has been chiefly employed in compiling Maps
of the dominions subject to the Maharajah of Kashmir, from the
plane table sheets sent in by Captain Montgomerie. A new Chart of
the Triangulation of this Survey, up.to date, has also been prepared,
and a Chart to illustrate the volume of Tables of Heights recently pub-
lished ; both these Charts were lithographed in the Office of the Sar-
* veyor General, Calcutta. Nine original preliminary Charts of the trian«

gulation, in various parts of India, have been prepared, in duplicate, for
the use of the Surveyor General’s Office, and the Geographer to the
Right Hon. the Secretary of, State for-India.  The Photographic ap-
paratus is also being usefully employed in copymg and reducing Maps,
and in furnishing preliminary copies for ¢ t uée,-until the originals
are engraved and_published. - Owing, hol?vgr, to the small establish-
ments at my disposal, the photography is negessarily restricted to the
short period of the recess of the Kashmir party, three to four months,
when the services of our best Photographer, Captain Melville, are
available for their management.

In the Instrumental Department, great advantages may be expected
by the appointment recently made by the Right Hon. the Secretary
of State for India, of an Officer, Colonel BStrange, to superintend
the construction of the new Great Theodolite, and various astronomical
instruments, which are being prepared-in England for this Department.
‘Whea they are received in India, we shall be in & position to undertake
the necessary operations for ascertaining our Longitudes, in connection

" with the Observatory.at Greenwich, by means of the Electric Tele-
graph, which is now brought across from the Mediterranean to India.

. J. T. WALKEBE.
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ANGLO-INDIAN ARCHITECTURE.

THE revival of Architectural taste which has sprung up within
the last twenty years in England, is slowly but gradually spreading
to India, and within the last few years more than one handsome
church, railway station, or other public building has been erected,
which would do no discredit to any European capital. This
improvement has certainly not come before it was wanted. Until
very lately we did not shine in designing public or private build-
ings at home; witness the heterogeneous rows of suburban villxs
in the neighbourhood of London, or the unmitigated monotony
and ugliness of many of our modern streets, But we certainly
surpassed ourselves in India, and succeeded in inventipg.a style of
building, (irreverently known as the Military Board style,) which
for ugliness beat everything that ever was constructed by man.

Who does not know the sense of desolation that comes over one
at first sight of some of our Indian cantonments; the straight and
dusty roads, the rows of glaring white rectangular barracks, the
barn-like church, differing only from a barrack in the presence of
a square tower and classical (!) portico, the Roman Catholic chapel
ditto, only smaller and with bright green doors all round.

Then the houses evidently built after the model of the barracks,
unless when the genius of the builder had displayed itself in a
profasion of bright colors on the external walls, arranged in such
startling contrast that the ddk horses were very apt to shy at
passing it.

If we go inside matters are not much better. High bare white-

D 2
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washed walls, & barn-like roof, with perhaps a dirty ceiling cloth
shaking in the wind, a_dilapidated plaster floor and square holes
cut in the wall doing duty as doors and windows. One exception
alone is there to this puritanical simplicity, in the fire-place, which
is evidently an offspring of the genius of the native mason, and
eonsists of a grotesque mass of ornaments which would perhaps be
more effective if unblackened by the smoke from the ill-constructed
chimney.

The general reason assigned for such a state of things is—1lst,
The requirements of the climate; 2nd, The necessity of economy.
But the cogency of either argument must be altogether denied.
There can be no doubt that a thoroughly airy and well ventilated
building may be made just as ornamental as one which is adapted
for a cold climate only; and that a small amount of money ex-
pended in judicious ornamentation will scarcely affect the total
cost of the building. The real reason has been undoubtedly a want
of taste and knowledge, and now that such deficiencies are begin-
ning to disappear, it is hoped and believed that the beginning of an
improved state of things has arrived. It must I think be allowed
that the true principles of architectural construction for buildings
in the East, which are to be used by men habituated to an entirely
different climate, have not as yet been discovered ; & Mosque for
instance has a pleasant temperature both in winter and summer,
while a Gothic Church in India is as a rule either very hot or very
cold. I do not say that Gothic Churches are unsuitable to India,
but only that they are so as we now build them., In the same
way many of our houses with lofty rooms, numerous openings and
thin walls, are far less cool and pleasant than native houses, low
and badly ventilated as they are, with thick walls and few door-
ways. I do not say that we ought to live in native houses, but
simply that we have not as yet hit upon the right way of con-
structing our own.

Treating of Architecture as distinct from mere building, it is an
art, not & science, and therefore does not fall under exact rules of



208

instruction ; one consequence, of which is, that while Engineering
advances and improves, Architecture stands still and copies,* We
make better roads and bridges now than in the 15th century, but
we have hardly got beyond copying their churches ; and until there
is a reformation in this respect, it is hopeless to expect that we
shall have an Architecture adapted to the peculiar circumstances of
Anglo-India. It is not intended here to propound any original
ideas on the subject of Anglo-Indian buildings, lay or ecclesias-
tical, but merely to offer a few hints for improvement in matters of
detail which may be useful to those called upon to design and erect
buildings in India.

First, as to the style of our dwellings in the Upper Provinces.
As above hinted, it is doubted whether the present style is not
radically unsuitable to the climate. In a hot and damp country,
especially if near the sea coast, numerous doors are certainly re-
quired by which the cool breezes may sweep through the house,
and hence verandahs are necessary to shade the doors from the
direct glare of the sun. But where, as in Upper India, it is
necessary during the fierce dry heat of April, May, and June, to
exclude the hot air altogether by night as well as by day, the
fewer doors there are the better, and ventilation should be secured
through the roof. In the cold weather, the paucity of doors would
add much to the comfort of the house, and verandahs might per-
haps be altogether dispensed with. The thin walls which now
get so thoroughly baked that they continue to radiate heat by
night and day for months together, should be made twice their
present thickness, or better still, might be double. Upper storied
buildings are perhaps moze suitable to Lower than Upper India,
unless the upper rooms are used solely as dormitories, but con-
siderations of expense will generally bar their adoption. In many
parts of the country perhaps the old Eastern style of building,
round an open quadrangle in the centre might be adopted with

* See a late article ia the Quarterly Review, on the Progress of Engineering Seiencs,
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advantage. This open court paved with marble or stone, filled
with fragrant shrubs, and with a fountain and tank in the centre,
is characteristic of most of the dwellings of the wealthy through-
out Syria and other Eastern countries, and is indeed common
enough in native houses in India. Perhaps some one will work the
idea into a tangible shape.

Next, let us protest against the indiscriminate use of plaster so
generally applied to buildings of all kinds in India. In most cases
it is simply used to conceal bad masonry, and every plastered build-
ing looks shabby in a few months after being constructed. It isex-
pensive and adds no strength to the work. Brick masonry if well
executed has a beauty of its own, and with well made bricks, well-
bonded, and with fine joints, there can be no meaning whatever in
hiding the material. Some excellent specimens of brick masonry
have been lately erected* in Upper India, but improvement is
required in the manufacture of bricks before this kind of work can
be executed to the best advantage, otherwise the dressing and
chipping of the surface entails much labor and removes the outer
skin of the brick, which is the most durable part and is best fitted
for resisting atmospheric effects. The use of the pug-mill, a carefel
choice or mixture of earth, and perhaps the employment of rgsies
chinery in moulding would ensure the requisite degree of exeellence.
By the employment of colored bricks in the exterior mouldings
very good ornamental effects might it is believed be' produced.
Plaster must still be used for the interior surfacesof walls, and .
where the best kinds of lime plaster can be affarded, perhaps W
better material can be wished than the smooth polished surface
thereby produced. But if inferior plaster be used, why daub it in-
variably with the lime whitewash, which comes off on the clothes
and produces a most wretched and shabby effect? Wherever chalk
can be obtained it is little dearer than lime, looks much better,
does not whiten your coat every time you lean against the wall, and

* The new Government School-house at Umritsur, built by the Municipal Engineer,

W. Gordon, Esq., and the new Lahore railway station, described in the present number.
are excellent specimens.
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takes the common coloring matters well. Of these the neila tutya,
(sulphate of copper,) the peoree, soorukh, and Mooltance mutice, are
well known in Upper India; and good shades of blue or green,
yellow, red, and buff, are produced from them ; but let them be
mixed with chalk, not lime, as is usually done, and use a sizing of
glue or rice-water. There is a popular but ill founded objection
against the use of paper for walls. In a damp climate like Bengal
it would not do, but in the dry Upper Provinces there is no reason
whatever for not employing it.

Will somebody invent a new material for roofs in India ? Slates
we have not, except in one or two out of the way localities. Gal-
vanized iron we cannot get. Tiles get broken and look ugly, and are
leaky. The ordinary flat terrace roof leaks also, and is very heavy.
A trussed roof with a very slight pitch, (say 10°,) and covered
with flat bricks and lime terrace is about the best we know, but is
very far from being what it should be.

But our floors are worse, A lime floor looks very well when
Jjust finished, and for a private house answers its purpose fairly;
but for a building like a barrack it is soon cut up, is unhealthy, (the
dusty particles flying about engender opthalmia,) and impossible to
repair satisfactorily. A plank floor is expensive, perishable, and
warps from the extreme changes of the climate. The best floors
hitherto made are those of flat brick or brick-on-edge. But why
should not this method be improved upon in public and private
buildings ? Excellent colored and glazed tiles are made in the
Punjab and other parts of India, and hexagonal or diamond shaped
flooring tiles of white and blue or black look very well, and ought,
if properly made, to wear well. The glaze is objectionable as making
the floor slippery and apt to chip or wear off, but why should we not
use the unglazed encaustic tile now employed so largely in England
by Minton and other manufacturers? No better floor could be de-
vised for a private house in the hot weather than one of colored
tiles, laid in an ornamental pattern, and which would enable us to
dispense with carpet or matting. I have little doubt that if a
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manufacture were started on a line of railway, the speculation
would pay excellently ; and I would recommend the idea to Govern-
ment for the new public offices at Calcutta, Allahabad, and else-
where. I believe the requisite materials exist in plenty throughout
India, and nothing is wanted but the requisite skill and capital. -
One other material may be named for floors, viz., gypsum, or plaster
of Paris, (sulphate of lime,) which abounds in some parts of India,
as for instance, the Dehra Doon. It is excellently adapted for
floors, cornices, and other interior parts of buildings, and is capable
of being made into highly ornamental forms.

Fire-places and chimney-pieces must be left to the taste of the
bailder. The exceedingly ugly square upper windows raay be re-
placed by circular ones, especially if the doors have circular fan-
lights above them. For both doors and windows colored glass
may be used with great advantage to the comfort of the room, and
the diaphane, or imitation stained glass, is both economical and
pretty.

Punkahs may be decidedly improved. The kind generally known
as the Bombay punkah, consisting of a single bar of wood with
a heavy deep fringe, is decidedly superior to the abominable
white-washed rectangle which invariably disfigures every room in
Upper India. But if the latter shape is preferred as giving more
air, at least let it be colored or covered with ornamental paper; let
the fringe be of good material and color, and above all, clean; and
let the ugly thick white cotton ropes be replaced by thin colored
cord or wire.

Enough has been said for the present or we might still declaim
against mud walls of compounds, ugly rows of out-houses, hide-
ously ornamental gateways, &c. But as it is to be hoped a more
refined taste is in progress, it may be sufficient to urge the subject

on the attention of those whom it may concern.
' J. G. M.
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*

THE LAHORE PASSENGER STATION,
PUNJAB RAILWAY.

Praw, Sections and Elevation are given of the above building, of which
the Engraving on the Frontispiece presents a general view. 1 have been
disappointed in not receiving the Estimate and Specification.

The Lahore Railway Terminus is about 400 yards distant from the Delhi
Gate of the city, on the site of the old Sikh Cantonment of Naolucka,
amongst the ruins of the ancient city. Great difficulty and expense were
incurred in getting in the foundations of the various Station buildings,
owing to the depth of these ruins over the firm soil below.

The buildings sanctioned, and either completed or in hand, are the Pas-
senger Station, Goods' Shed, Workshops, Carriage Sheds, and Locomotive
Stables. In designing the Passenger Station, it was thought advisable to
give it a defensive character, as far as possible, and to arrange the defences
80 a8 to require but a small garrison. Hence the Fort-like appearance of
the present structure.

The material employed is brick throughout; the outer surface being
carefully dressed with very close joints. It would be difficult to find better
masonry anywhere. The roofs are of pucka terrace on trusses of low pitch,
except those over the platforms, which are to be of galvanized corruga-
ted iron. 'The floors are all of brick-on-edge, set very close, and dressed
smooth. The timber employed everywhere is deodar, from the forests of
the Punjab Himalayas.

The entrance archways at either end of the building can be closed when
necessary by heavy sliding doors,
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The building was designed by Mr. Wm. Brunton, late Chief Engineer of
the Punjab Railway, and has been, I believe, chiefly executed under the
superintendence of Mr. E. Baines, District Engineer, and the Architect of
the Lahore Exhibition.

J. G, M.
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No. XXI.

BOAT AND PONTOON BRIDGES.

[Government having called for Reports on the best form of Boats to
be used in Boat bridges, and on the comparative merits of Boats and
Pontoons, the following Reports were submitted by three of the officers
consulted. ]

From R. J. Craxx, EsQuire, Erec. Engincer, 5t Division, Grand
Trunk Road, to Superintending Engincer.

Agre, 15th July, 1863,

- Sre,—In reply to letter from the Secretary to Government, N.
‘W. P., requiring a report on the best form of boats to be used in
boat bridges, and also whether pontoons are not more suitable, and in
the end more economical; I have the honor to state, that, if a bridge
of boats was preferred, 1 should consider the following alterations re-
quired in a native boat to adapt it for bridge purpowes.

Instead of the broad flat bow of the native boat, the bow should
be gradually rounded off from the straight side, by gradually bringing
the side planks to meet at the stem; as by pointed bows the boats
would offer less obstruction to the current, and cause less wear and
tear in the moorings.

Instead of the simple beams across the native boat, by which alone the
sides are tied togsther and supported, I would have a series of strong
frames across the boat, fitting, and secured to, the sides and bottom,

3
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having one upright in the centre, and two sloping struts between
the top and bottom pieces; these frames would keep the boat in shape,
and distribute the weight of the roadway equally.

I have noticed that in native boats, as now used, with the road-
way beams laid on the sides, or able to take a bearing on them, the
sides get all the weight, and usually bulge outwards, and as soon as the
boat has grounded, the bottom bulges upwards in the centre consider-
ably ; also a heavy weight passing over the side of the boat causes great
undulation in the roadway.

As to the fixing of the roadway, for the reasons above stated, I consi-
der that to make a roadway over boats as rigid as one over cylindrical
pontoons, the points of support for the roadway beams should be as
near as possible to the centre of the boat; this might be effected by a
longitudinal bearer notched down to the frames abovementioned, in the
centre of the boat, and raised a little above the sides, to enable the
beams to work clear of them, but this plan would increase the expense,
longer beams being required.

I beg to state, however, that in my opinion cylindrical pontoons are
more suitable than boats for bridges, for the following reasons : —

1st. They offer, from their shape and size, less resistance to the cur-
rent than boats, and consequently, fewer moorings are required ; boats
fouling the bridge are more easily cleared, and the pontoon bridge is
the least liable to be carried away by sudden floods.

2nd. They are more secure against the wesather, being entirely cover-
ed in, whereas boats require continual attention in the rains to keep
them clear of water, and this would be against the durability of the
_ boat as compared with the pontoon.

8rd. I consider that thereisless undulation in the roadway of a pon-
toon bridge. Pontoons being narrow, the bearing of the roadway beams
is from centre to centre of the beams, or nearly so, and a weight passing
over is supported at once by the whole buoyancy of the pontoon ; where-
as in boat bridges, as the roadways are, I believe usually laid, viz., with
two sets of working joints over each boat, a weight passing over must
depress one eide of a boat considerably before reaching its centre where
the whole buoyancy of the boat takes effect.

4th. Most bridges are partly made over a sand bank. 'When the river
falls after the rains, the bed is frequently altered and the bridge settles
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down on the sand unevenly, and with steep. slopes in places. " If the
bridge is on cylindrical pontoons it can be at once cheaply adjusted by
digging the sand from under the pontoons without any carpenter’s
work. Boats can only be lowered the same way at great expense, and
then they are so imbedded in the sand as to be liable to be sunk by any
sudden flood, or otherwise the roadway must be packed up, which in-
volves expensive carpenter’s work and hindrance to the traffic; the same
adjustment i3 required at any change of the level of the water at other
times. This was found to be a continual source of expence when boats
were used in the Agra bridge.

Sth. As to durability, I have no means of ascertaining the difference
between boats and pontoons in this respect, but the pontoon being
more protected, ought to last the longest. The pontoon would stand,
being placed on a dry sand bank for eight montbs in the year better than
a boat. 'When the under side of a pontoon is nearly worn out, it might,
with little expense, be reversed, and it would last nearly as long again.

6th. I am unable to state the comparative cost, but I imagine the
cost of & boat or pontoon would be nearly equal. The cost of a pontoon
at Agra would run from 890 to 1,000 rupees, and I do not think a boat
sufficiently large for bridge purposes could be obtained for less. In some
situations where wood could be obtained, cheap boats might perhaps be
made cheapest, but I think that generally pontoons would be as cheap.
They could be made quicker and are much easier to move about than

boats.
R. J. CraRk.

MEeMo. BY Tao® SUPERINTENDING ENGINEER.

I think the Executive Engineer has submitted good reasons in the
foregoing letter in favor of pontoons as compared with boats, to which
may be added, that pontoons when built in compartments, must always
be safer than boats of the ordinary kind, and caunot be burnt. Such
boats seem to have only the advautage of being more easily obtained
when time is an object.

‘With regard to cost, the market prices of the larger class of boats
seem to vary from 600 to 1,000 rupees, according to size and locality,
and there could not be much difference in the cost of a pontoon
bridge of each kind.
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Pontoons, moreover, can be more easily transpotted over roads, if
occasion should require, either for commercial or military purposes ;
and iron, which is properly protected, will, I think, last longer than
timber, with less leakage from alternate wet and dry conditions.

J. D. CaxrrrLL.

From CapraiN D. Liuoxnp, R.E., Ezec. Engincer, Cawnpore Division,
to Superintending Engineer.
Cawnpore, 1st September, 1862.

81e,—I have the honor to acknowledge the receipt of your memo.
and to observe after due consideration, that I am of opinion pontoons
are very much to be preferred.

The boats at present in use, form an excellent bridge; with the
strongest flood runming, there is hardly any motion. This of course
arises from a great super-abundance of buoyancy, entailing extra strain
on the cables, and forming a great obstacle to the free passage of the
current. I am afraid the existence of this bridge has had a great deal
to say to the erosion of the bank up-stream, regarding which I have
written you demi-officially.

Long, narrow flat-bottomed boats, similar to English canal boats
would not have this objection, but they are not free from the main one,
which in my opinion most decidedly turns the scale in favor of the iron
pontoon.

The Ganges is in a very different state during the cold and hot
seasons and the rains; there always must be tracts of sand to cross
during the former seasons; I cannot explain on paper the difficulty
and inconvenience during the period of transition. If the boats are left
aground they rapidly deteriorate; in short there are two periods of
the year, the duration of each entirely dependent on the river, when
it is impossible to keep the comwunication in a satisfactory condition,
boats being used as the means of floatation. If pontoons on the other
hand be used, they can be allowed to ground, the roadway subsequently
levelled by excavation of the sand below them, or, they can be rolled
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.away with the greatest facility, and communication transferred to the
sand bank. The removal of boats is not 8o easy, nor can such be done
with the speed pontoons could be taken out. Large pontoons with ten
or twelve feet bays should be used, in proference to the smaller or

. military class.

I had lately an opportunity of inspecting the pontoon bridge at
Agra; the roadway is more level and superior to that on the Cawnpore
bridge, for regular scantlings and means of floatation exactly similar,
are used throughout its length.

The pontoons are allowed to ground, but a level roadway is secured
by excavating the sand beneath them.

This course would not be so easy of execution thh large boats, added
to which iron poutoons do not apparently deteriorate by being left
aground, while wooden boats certainly do. At the same time, I beg
to bring to notice that the cost of construction of such a bridge over
the Ganges at Cawnpore would be as follows—

110 pontoons with the snpmtmctnre sppronmataly 1300
each, cost Rupees, - - - 1,43,000
or in round numbers one and a halfhos ofmpees,

Cost of Boat Bridge.

Aversge number of boats during hot and cold seasons, 35,

for eight months, at an average of Re. 36 per mensem, . .  Ra. 9,800
Average number of boats during the miny season, 60,

at Rs. 36 per mensem,. . e« + » Ra 8400
Average establishment for mght months at Rs. 300, . . » 2,400 -
Average sstablishment for four months » 760,. . » 3,000
Interest on Rs. 31,000 expended on iron anchors, at four

per cent, . . . . . . . . . . Rs, 1,240

Total Rs. 24,840
To this add the ocost of re-construction before the rains, the
renewal of the down-strean temporary anchors, the interest on
the expenditure on superm'uctnre, and it is feared that little will
remain of the toll proceed.s viz., 2,543-12-0 monthly, aggregat-
ing, . .« .« Rs 30525
The mk of aooulentl remains. '

D. Linowp.
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Prom Lievr. J. Eckrorp, R.E., Deputy Superintendent, Roorkée
Workshops, to Superintendent General of Irrigation.

Roorkee, 30iA July, 1962

S1e,—In reply to your letter, No. 858, I beg to enclose a letter which
I have received from Mr. Campbell, whom I requested to inspect and
report upou the Agra Pontoon Bridge. There is no need for my
informing you, what weight I should give to Mr. Campbell’s sense and
practical judgment in a question like that which we have to consider;
and I, too, would recommend the round pontoons for the following
Teasons :—

‘We are asked by Colonel Morton to decide between boats and pon-
toons ; I do not know exactly how to define the latter, or where the
difference between the two commences, but in the discussion which took
place on the first establishment of the British Pontoon equipage, the
open boat was absolutely and totally condemned, though opinions varied
as to whether the pontoon should be of a boat shape or the present
service pattern, which is cylindrical. 'We are now, however, treating
of pontoons which are to be used for a very different object to military
ones, and the arguments which apply to the latter will not hold as re-
gards the former. The shape and size of military pontoons are mainly
fixed by their facility for carriage, facility in bandling and launching,
and facility for being rowed when the bridge is broken into rafts. What
we wish to arrive at is the cheapest form of pontoon adapted for a good
permanent bridge for the heaviest traffic, taking into consideration that
although the main part of the bridge may be permanent, the pontoon
must be handy enough and with a sufficiently light draft of water to
come quickly into place as the river rises, foot by foot, and submerges
the low sandy ground, which generally covers a mile or two of its
banks.

The size of the pontoon must in great measure depend on the
place it has to be used at; a very heavy pontoon might be used on the
Jumna at Calpee, where the river is one unbroken sheet, wkile at
Cawnpore, where a low sandy island full of creeks intervenes between
the Oudh and Doab banks, a lighter pattern must be adopted for the
temporary parts. This point must be determined mainly by the Exe-
cutive Engineer, and from the long experience which the present
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Executive at Cawnpore, has had, the question could not be in better
hands.

‘Wooden boats have only their cheapness in first cost to recommend
them ; wood is a peculiarly perishable material in India, and the boats
built are notoriously weak and frail. Look at the superstructure of the
Agra bridge, and thinK of an 8}-inch square beam being rack-lashed
down to the thin bulwark of an ordinary boat, while to build a good
strong boat with proper knees, and her timber strongly fixed together,
would in the present state of the timber market, and with such carpen-
ters as are to be got, be dearer than cylindrical pontoons at Roorkee.
From actual experience on a bridge of boats, I can re-echo all Mr.
Campbell’s objections to the Delhi bridge; the water falls rapidly and
before the two or three boats can be got out, (which form the small
bridge over some creek,) the end of the creek has silted up, and the boats
cannot be removed; they lie there to rot, their seams start from the
heat, and the roadway over this part is lowered a foot or two, which if
not made of short kurries, tied to the boat with hemp lashings, would
inevitably break the main beams. Mr. Campbell says that the Agra
practice, where the men dig under the pontoon and let it deeper into
the sand, and again pack it up when necessary, is perfectly successful
in keeping a level roadway. You will see the difference between get-
ting to the bottom of a 5 foot round pontoon, or to the bottom of a 15
feet beam flat-bottomed boat, (which is a small boat,) and this is one of
the two main reasons in favor of the narrow cylindrical shape. The ap-
Pplicability of this practice to Cawnpore should, I think, be first referred
to the Executive Engineer there.

Looking on iron then as the cheapest material, perbaps not at first,
but certainly in the end, (Mr. Campbell has not stated in his report,
but has informed me that some of the pontoons have been in use for
eighteen years,) the arguments for a boat shaped pontoon are, her
less resistance to the current from her fine bow entry, and that should
the bridge ever be displaced you have a serviceable boat. Neither
of these reasons can for an instant be put in competition with those
for a cylindrical one, namely, the superior facilities for keeping the
brdge level, by being able to get underneath the pontoon, and its
superior cheapness. An iron boat has to have her sheets rivetted to
angle iron framing; this. framing is expensive and troublesome to
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set up, it requires careful workmen, and the constant supervision of
the designer, while the curved plates of her bow and stern entries, re-
quire bending and rebending from unskilled natives, befare they ean
be got to the proper curve, ’

A cylindrical boiler on the other hand is about the most straight
forward work a man can do, every rivet of it éan be given out to pisca
work, and it requires no inside framing ; on these two reasons, therefors,
of greater facility in keeping the bridge level, and a very great saving
in prime cost, I would prefer the cylindrical shape.

From A, CaueBeLL, EsQ., Special Assistant Engincer, to LIEUTENANT
Ecxrorp, Deputy Superintendent, Canal Foundry, Roorkee.

818,—1 beg as requested by you to report on the pontoon bridge at
Agrs, and also to state my own viows on the subject of pontoons versue
boats, for river bridges.

The Agra bridge is supported on cylindrical sheet iron pontoons;
the total length of the ordinary ponteons is 30 feet 8 inches ; the middle
part is 5 feet 8 inches in diameter, for a length of 23 feet. The ends are
egg shaped, the thickness of the sheet iron is +%”, and the sheets are
rivetted together with § inch rivets, spaced from 2 to 1% inches apar$
from centre to centre. Bach pontoon has a man hole, and a small hole
for the mooring chain ; the mooring chains vary, but are in general long
linked chains § inch diameter. No anchors are used, their place being
supplied with blocks of stone.

The pontoons are spaced 18 feet apart from centre to centre; on the
pontoons, and resting on a timber saddle, the longitudinal beams are
placed, the two outside and the centre one being 8} inches square, with
four intermediate ones 8} inches deep, by 5 inches broad, making in all
seven beams; upon these beams, the planking consisting of one thick-
ness of 8 inches sal is placed. The width of this roadway or planking
is 26 feet ; it is spiked down to the longitudinal beams at each outside
edge of planking. Both above and below runs a longitudinal stringer
of sal 7 inches wide by 2§ inches thick; this is bolted together with
wrought iron bolts; on the top of this, posts spaced 6 feet apart are
stepped ; between the posts run two lines .of long linked } inch chain.
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Inside the pontoons are placed props of wood to stiffen the pom-
toons. :

To allow boats to pass up and down, there are twe pontoons each
four feet longer than the ordinary ones, on which are arranged two
erabs with hinged platforms. These are raised, the whole removed to
one side, and returned when the boats have all passed. The arrange-
ment acts very well, but I think might be improved by the sub-
stitution of gearing, and wench handles, for the present handspike
drum.

The whole of the bridge was in good order, the undulations from

the level were very slight, and everything seemed to be well looked
after.
I afterwards saw the bridge of boats at Delhi, and a more striking
contrast could scarcely be imagined. The road was a series of ups and
downs ; most of the boats were rotten, and had settled down in the sand
till their bottoms had bulged up half way ; a great number were so firmly
fixed in the mud that in the event of a heavy flood coming, they would
not rise and would of course be swamped ; I believe that shortly before,
15 boats were carried away. Some that I saw had their beams, to which
the wmooring rope was attached, half rotten through, while the ropes
themselves were in many places covered with fungi, and looked in the
same state.

From the inspection it was very evident that the road could not be
kept 80 easily in line as a pontoon one; it was impossible to dig away
the sand from under one of the large bottomed boats ; some of the boats
were very much up at the head and dowv at stern, owing to the earth
under the stern beiug washed away, and the only means of partly recti-
fying it could be by raising the roadway. Perhaps the great difference
between the state of the two Lridges is owing to the one being under
the Executive Engineer of the roads, and the other under the Deputy
Commissioner, but sti!l 1 am firmly convinced that the pontoon bridge
is in every respect superior to a bridge of boats for a permanent bridge
over a large river.

I bave very few remarks to offer in regard to alterations from the
present Agra bridge, but perhaps the substitution of iron beams for
the wooden ones would be an improvement in the end, as also I think

would be the laying down of broad plated tramways which would bind
2F
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the planking together and prevent it from rising, and so get rid of the
grass that makes the draught so heavy in wet weather. The tramway
would require to be of roughened plates to prevent the feet of the bul-
locks from slipping.

If the pontoons were made in Roorkee, our price for each of the
same size and thickness of iron, as the ones at Agra, would be
Rupees 800.

Iron Powtoon Bridge for the Fyzabad and Allakabad Road, to be made
up in the Roorkee Workshops. Designed by A. CauppELL, EsQ.,
C.E., Special Assistant Engineer.

SPECIFICATION.

Pontoons. To be of boiler plate 4; inches thick, total length 80 feot ;
diameter 5 feet 8 inches, parallel for 22 feet ; the pontoon to be divided
into three water-tight compartments by means of iron bulkheads. The
dulkheads to be of sheet iron & inches thick. At the upper end of
pontoon, a crab with surging barrel to be placed, the crab to be worked
by means of ratchet and upright lever, something after the manner of
a windlass on board-ship; the working handles will unship.

Pontoon Brackets. Will be placed as shown in drawing, the girders
will be bolted to these, and the brackets themselves bolted to the pon-
toons by six bolts.

Girders. The girders for supporting roadway will be 18 feet long
1 foot 2 inches deep; the web & inches thick, and the angle iron
2* X 27 X §”, there will be six in the width of roadways.

Anchors. Anchors and chains to be supplied, the chains to be §
inches dianeter, and 80 feet long, to be BB short-link crane chain.

Roadways. To be of 8-inch planking bolted to the girders by §-inch
bolts, and also fixed at centre and ends by stringers 8 inches thick ;
the roads to be guarded by angle iron standards with cast-iron shoes
and two rows of long linked chain § inches diameter, the chain to be
fixed to the angle iron standards by means of bolts. '

" Painting, &c. The pontoons and chains to be tarred; the other
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wrought and cast-iron work to receive two coats of the best oil
paint.

EBTIMATE.

Detall. | Quatty. | Bate. | Amount.
R M., 8 C Re. Ao P, RS. A. P,
“Ms’o’xs'o’x*, . . 4020 O
20, LOXZIXA ... 15 00
2 End Plates, 15° dia. x ¥, . . . 028 0
6 Plates 6 0° x 2’ 0° X 4, bulkheads, 0
628 0 8 0| 534 0 9
B.ivetsallﬁ,le.”o.....- 38 6 02 00 gago
Punching holes,6820, . . . . . 812 0
Workmanship, including establishment, 200 0 0
Tarring, . o o o o o o o & : . 4 3 8
Total for one Pontoon, . . . 815 0 O
Bracket for ﬂnnggi:dertol’ontoon, 084 0 9 00 710 8
6 Bolts §* dia. 2"long, . . . 016Jl4200 171
Total for one Bracket - . . . . 9186
BEARING GIRDER, 18’ LONG X 1’ 2’ DERP.
8 Plates 6 xl‘ﬂ'xlﬁ,.... 300
2 Strips10” X 6" X #," . . . 0 38 2
2 8 3 8 8 1710 8
72 Feet of angleiron, . . . . .| 4 40| 8 00| 8312 9
84 Rivets, . . . . . . . . . 0 810 200 4 50
250 Rivet-holes, , . . . . . . 0 89
Workmanship,, . . . . . . 5 40
TomformGi’dﬂr’ ¢ o o 60 9 2
RAILING STANDARD.
4Feetof2'x2’x}'mgleiron, . 060, 800 1 8 4
Cast-iron shoe, . P 0 6 0 9 00 1 86 8
4 Bolts }* dia. 104 long, ogee nuta, . 017|200 100
2 Bolts §* dia. 14° long nuts, . . 0 012 |40 0 O 012 0
Total for one Standard,. *+ . . 4 56 0
Bow AND STERN CRABS.
2 Crab cheeks, . e e e s e 210 0 28 4 0
iBﬂl’el, e e e e e e e 31;3 2123’
Bmelspindle, . e « e . 71
1 Pin for pall, . . . 0 38 8 560




Detall, | GQuantity. Rate. | Amount.
M. 8 C. RS. A. P RS. A. P,
1Pall. . . .. . .. . 028 8809
2Dishncebolh{'..... 0 8 8 4 6 0
1 Lever, . . . 017 0 1 9 8
1 Pall pieces, . 02 6 211 9
sBoluforﬁxing do. l‘dia.s‘long, 700 4 60
Fitting up and fixing, . . . . 512 4
‘Total for one set of Crabs . . . 90 0 0
Pattem,punﬁng &c. o« e . 200
Handle for crabs, . .. 016 0| 2000| 800
¥ Chnnforpontoon,sofeet, . . 18 0 220 0 40 0 0
ABsTRACT. ,
Detail, Quantity. | Rate. ' Amount.
M. 8 C. RE. A. P, RS, A, P,
66 Pontoons, each, 815 0 0 (58,790 0 O
66 Setof bmcketl with bolts for do,
. 108 0 07,128 0 O
66 Crabs, mt.hﬂxmgbom, eu:h 9 0 0)5940 0 0
66 Anchors, each, 2 0 0,132 0 0
66 Anchorchnm,SOfeetlong,{ each, 40 0 02640 0 O
402 (s}udem, 18 ffeet lo i 6 0 024924 0 O
804 Standards for c:sm, wi ﬂxmg
4 5 0|8467 4 O
8 Chnm,l,EOOfeetlong.each, 500 0 0)38000 0 O
800 Bolts, {" diameter, 10° long, for
%en, md. 11 20 0 |20 0 O 230 8 4
8200 do. §” 4* long for plo,nkmg, 187 8 0
maund, . 7 20 012 0 0
800 Washers for .’bolto,each . . 0 0 38 12 8 0
¢ Handles for working crabs each 10 0 0 60 0 0
Bilge pumps, each, 3 0 0| 3% 0 0

Total Iron-work in Bridge,




No. XXTI.
ABBOTTABAD CHURCH,—PUNJAB.

Designed and Constructed by Likur. Bram, R.E., Ezecutive Engi-
neer, Hazara.

Reporr.
Tar Church is to be built in a palisaded ravelin on the western
front of the proposed new fort at Abbottabad, on the site of the old
Kutcherry.

The Church will be built for 150 sittings and in the early English
style of architecture.

The cost to be Rs. 15,000, of which the Government grant is 10,000,
and the remaining 5,000, have been guaranteed by the Local Com-
mittee.

The enclosed design has 1,850 superficial feet for sitting, or allows
9 superficial feet per sitting. '

As no sandstone is obtainable in this district, the cornices and other
decorations will be plain but massive, throwing deep shadows, for as
the Church will have to be built with the hard blue lime stone from
the Abbottabad quarry, so for economy sake the decorations have to
be simple.

The Church is to be built in the most substantial manner, and will
be roofed with a high pitch shingle roof, as this style of roofing is
found to be best adapted for this district.

To harmonize with the mountain scenery a wooden spire has been
included as a set off to the northern face of this design.

The interior will be plastered with gray plaster in imitation of stone,
and will have a high open roof with decorated trusses and furnished
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with handsome sittings with poppy head decorations ; pulpit, altar table,
&c., of walnut wood.

The rates in this estimate may appear high but are intended to cover
the cost of furnishing all portions of the building, with the very best
description of workmanship and materials, and it is solely for this pur-
Ppose that private subscriptions have been given.

SPEOIFICATION.

The space for 200 feet square to be levelled and to be spread with
6 inches of gravel.

Foundation and plinth to be of hammer dressed puoca rubble ma-
sonry with best lime cement of equal parts of lime, sand and soorkhee.

The superstructure including cornices, mullions, and all exterior work,
will be of neatly cut stone dressed on all six sides and set in the best
cement of equal parts of lime, sand, and soorkhee, well groand in a mill.

The interior will be plastered with polished grey chunam plaster
colored grey with a slight mixture of charcoal, but the cornices and
corbels will be left white,

The doors and windows to be made of walnut wood, the former of
double (diagonally) 1-inch planking, strengthened with decorated iron
hinges, and the windows to be on 6 inches diamond shape framework
glazed with ground glass.

The roof to be of treble shingles of deodar wood, 2 feet 6 X 6 inches
X 2 inches laid on 2 inches horizontal planking, having a ridge piece
decorated with poppy heads.

The trusses to be 6 feet 8 inches from centre to centre, of deodar
wood of timbers 9 x 6 inches, with lower edges bevelled and decorated ;
to consist of principais, collar beam, two braces and an arched brace,
with pendant resting on an ornamental corbel ; the principals and pen-
dants are fixed to a hammer beam to give the trusses a fair bearing in
the wall; the whole truss will be braced together with ornamented
iron straps and bolts.

The floors of the Church to be of one layer of dressed stone on well
rammed earth with 4 inches of well beaten and polished terrace plaster.

Spire.—The roof of the spire to be of double 1-inch grooved plank-
ing, supported on a square shaped truss, the octagonal shape being
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given by the purlins which are 12 x 8 inches and let in sideways
into the principals.

The main truss to consist of four principals, 8 X 6 inches at the
top, and 12 X 10 inches at the base, with six collar beams, and
diagonal bracing of 6 X 6 inches timbers.

The principals fit into an iron cap at the top and are firmly set into
massive tie-beams, 12 X 10 inches at the base; besides which to give
them greater stability, they will be braced to the flooring beams of the
two lower stories, with double beams 10 X 4 inches at each corner,
and at the joint with the tie-beam, strong iron knees will be given.

The sittings to be 9 feet long for b sittings, of walnut wood, with
solid 1} inch plank sides, decorated.

The altar, pulpit, and altar rails to be of walnut wood, highly decora-
ted, and supplied with cushions of English embroidered crimson cloth,

.

ABSTRACT.
80,000 Cubic feet earthwork, at Rs, 8per 1,000, - - 2400 0
9,566 Cubic feet foundation, at Rs. 12 per 100, - - 1,148 0 0
20,572 Cubic feet superstructure with arching and
cornice work, at Ra, 28 per 100, - - - - 47820 0
6,281 Pucca gray plaster, at Rs. 71 per 100, - - - 4360 0
or 80,138 Cubic feet masonry at Rs. 21-12, about, - - 6566 0 0
1,827 Pucca flooring, at Rs. 10 per 100, - - - - 1880 0
686 Doors and windows, at Ra, 2-12 per foot, - - 1,783 0 ©
5,599 Shingle roofing, at Rs. 24 per 100, - - - - 1,844 0 0
902 Timber work, at Rs. 2-8 per foot, - - - - 22550 0
40 Maunds iron work, including lightning con-
ductor,at R820, - - - - - - - - - 800 0
or 5,699 Roofing with spire and scaffolding, at Rs.
786, nearly, - - - - - - - S 43990 0
FITTINGS,
150 at Rs, 6each, - - - - - - - - 9000 0
1 DPulpit and altar, - - - - - - - - - - 2400 0
1 Font, - - = = = = = « =« = = = - 1000 O
Altar rails and chairs, - - - - - - - - 1000 0 13400 O
142110 0
Contingencies, - - : 7110 0
Total, - - - - - 14922 0 0

H. BrAm, Ligut, R.E,
Exz. Engineer, Hazara Division.



No. XXIIT.
SIND CANAL REGULATORS,

Memorandum descriptive of a Regulator proposed for large Camals
in Sind. By Lirur.-CoLoNeL Firg, R.E.

Oxx of the most serious difficulties the Engine;r encounters in the
management of Canals in Sind, arises from the enormous quantity of
silt which enters from the rivers. In the case of the simple Inunda-
tion Canals of the country, the silt can be removed by manual labor
when the water subsides at the conclusion of the season; though,
of course, this annual operation adds enormously to the cost of main-
tenance. But with respect to Perennial Canals, where navigation, as
well as irrigation, has to be muintained throughout the year, the diffi-
culty is more serious. It is true that the nicely adjusted gradient of
the Canal, designed by the skilful Engineer of the present day, and the
constancy of the stream, permit much less silt to accumulate than
must take place in the Inundation Canal, with its ever varying velocity
of current, and much of the matter which is now deposited in the bed
of the Inundation Canal will be swept into the smallest distributing
channels, and even into the fields, by means of the Perennial Canal.
But still there is a large quantity of sand borne along by the waters
of the Indus which must either be removed from time to time, or pre-
vented from entering the Perennial Canal at all.

The subject of silt traps has often been discussed, and that such
an arrangement is feasible needs no demonstration. An extra depth
to the Canal at ita head sufficient to slacken the velocity of the current,
till it allows the heavier particles of sand, but- not the finer particles
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and the mad, to be deposited, is all that is required. There will be
considerable expense in clearing this from time to time, and perhaps
some slight inconvenience, but the difficulty may be said to be reduced
to an item of annual expense, by means of the silt trap. Dredging
may be resorted to, and when the works are on a very large scale the
dredging machine might be employed with advantage, as it was many
years ago on the Caledonian Canal, where it was found cheaper to let
the sand in a cutting fall down to the level of the bottom of the Canal
and afterwards to take it up with the dredging machine than to
remove it in the ordinary manner from above. The dredging machine
in the instance I have alluded to, cut its way through the ground and
formed the Canal. Whatever arrangement is made for removing the
silt, however, the trap may be said to reduce the silt difficulty to an
item of annual expense.

But this annual expense will be considerable ; and to prevent the
heavy silt entering the Canal at all would therefore be more satis-
factory, and with this view I proposed for one of the large Sind Canals
the construction of an escape channel, or artificial branch of the river,
and the drawing off of the Canal’s supply from the escape channel,
and not direct from the river in its silt loaded condition. The stream
in the escape channel was to be regulated to such a velocity that the
heavy silt might be thrown down into the bed and rolled onwards back
to the river again, the Canal receiving its supply from the top or sur-
face water after the heavy silt had sunk to the bottom. Fig. 1. exem-
plifies the arrangement described. 1t should be understood that there
is a fall in the river’s surface of about 2} feet between the mouth and
tail of the escape channel.

For the purpose of obtaining the Canal supply from the top
water and to secure facility in working the sluices, security against
accident, and permanency of construction, I proposed making the
gates in three pieces (the principle of the Ganges Canal gates) to be
worked singly or together as occasion might require, the whole, in-
cluding guides, to be of iron. This construction will be expensive in
the first instance, but its permanency and facility of working will
render it perhaps not more expensive than the wooden gates in use,
while I believe there are other advantages which will render it very
superior to the wooden gates.

2a
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A drawing, Fig. 2, of one of the gates is attached. The opening
to be regulated is 10 feet square, and there are to be 10 in number.
The greatest depth of water outside the regulator is to be 21 feet.
The pieces of the gate are composed of iron frames, with § inch plates
over them. The connecting or disconnectintg of the three pieces com-
posing each gate is to be effected by means of two bars BB, passing
through eyes attached to the different pieces, and with T heads and
cross pieces, PP. The connecting or disconnecting is effected by
sliding these bars up or down, and then giving them-a half turn to
either lock or unlock the T heads and cross pieces in the eyes. The
handle at the top is parallel to the T head at bottom, and it can
always therefore be seen whether the pieces of the gate are locked
together or unlocked.

During floods the top piece of the gate only would be worked.
‘When the raising of this piece is insufficient to supply the required
quantity of water, the second piece is to be attached and drawn up
also. When a still larger aperture is wanted the whole of the pieces
are to be taken up. Tt will, however, only be necessary to lift the
whole gate when the Indus is at its lowest level, and when there
would be comparatively speaking but little heavy silt in motion out-
side the regulator, or even at the mouth of the escape channel.

The raising and lowering of the gates is to be effected by two
four ton winches. The greatest force even required by theory for
weight and friction combined, is about 8} tons. In this case the river
would be standing at 21 feet outside the regulator and the Canal
would be empty. The top piece of the gate only would be raised.

A very serious inconvenience in the management of regulators
in Sind arises from the enormous quantities of drift trees, bushes, and
grass. The trees if large must remain against the regulator, if they
should ever be drawn into the Canal entrance, till they can be cut
up or withdrawn by means of ropes, but in the daily working of the
Narra river regulator, we found the grasses a more serious incon-
venience than any thing else. These twist round wood work in such
quantities as to render it immoveable. I believe that the iron gate
with its sharp edges and tremendous weight would destroy all these
minor obstacles without difficulty. By alternately raising and lower-
ing the gate very slightly it would cut through grass and break up
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bushes and branches till they become small enough to pass through
the orifice.

I bhave a plan on a large scale of these gates, and should the
construction suit other Canal works, I shall be happy to send a copy
to any officer who may wish for one. I have some confidence as to
the gates working well in practice, as I consulted a very able engineer,
(Mr. Hoskins, the directing engineer to some large iron works on the
river Lyne,) who assisted me in the details. I was informed that
such gates, with winches complete, would probably cost £2 or £2-10
per square foot of opening. At this rate each gate 10’ X 10’ would
cost £200 or £250.

The subject of the size of openings' appears to me to demand
some discussion. I have fixed the size in the case given at 10 feet,
a8 it appeared to me convenient as respects the weight of the gates
and the power requisite to move them. Each gate with its rack bars
and connecting rods will weigh about 3% tons. The strength is
much greater than would be given to a dock gate, in order that there
may be less likelihood of accident from any thing striking against
them. Small openings in a regulator possess the advantage of very
easy working, but the additional masonry piers required, add greatly
to the cost, and the flow of the stream is impeded. The advantage
of the very small opening however vanishes altogether, when it is
necessary to make the covering plates and the framing as secure
against 8 blow from a drift tree or branch as they are in a large gate.
The covering plate must be thick ; hence we cannot calculate on saving
material by using very small gates, while the increase in the number
of winches for a larger number of small openings would add to
the cost. .

A large opening possesses one great advantage over a small one
if it can only be kept under command. It affords greater facility -
for getting rid of obstacles brought down by the river. I will con-
clude by venturing the suggestion that openings should be as large
as possible consistent with the easy working of the gates. Those I
have proposed are 10 feet by 10 feet, but more able and experi-
enced engineers than myself may be able to show an advantage in
making them much larger.

J. G. FirE.



No. XXIV.
STRIKING BRIDGE CENTRES.

[Tax following letters refer to the method of Striking Centres adopted
by Captain Mead, in the Morhur Bridge, which was described in
No. II. of the Professional Papers.]

From the Superintending Engincer, Southern Division, Bombay.
Poona, 1st January, 1864.

The Superintending Engineer, has the honor to forward reports from
the Executive Engineers, Belgaum and Dharwar, on the methods they
are now employing for striking centerings of large bridges, as called
for by Government. :

Both Captain Merriman and and Mr. Hart object to the use of sand
bags as not possessing sufficient strength, and owing to the settlement
which takes place consequent on the alteration of their form when
subjected to heavy weight; and both these officers have now adopted
sand bozes, which doubtless possess the advantage over sand dags, noted
by Captain Merriman in his report.

Although Mr. Hart has hitherto used wooden boxes as being
cheaper than iron, he gives the preference to iron boxes, and although
Captain Merriman has fitted his cylinders with wooden plungers,
he now agrees with the undersigned that the latter, if made of iron,
would be an improvement. Lieut.-Colonel Scott thinks it would be a
further improvement to allow the sand to escape from below, instead of
‘from the sides, of the cylinders, when one hole instead of four would
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suffice, and the sand would run out with greater regularity. The cost
also of making the cylinders would be considerably diminished.

The Superintending Engineer, is aware that the sand boxes as ori-
ginally invented by M. Bandemonlin, said to have been perfected by
M. de Lazilly, and now used in England, are exactly similar in prin.
c¢iple to those prepared by Captain Merriman, but if time and cost
can be economised by & more simple arrangement something is gained.

C. Scorr, LievTt.-CoLorEL, R.E,,
Superintending Engineer, S. D.

To the Superintending Engineer, Southern Division.
Belgaum, 9h November, 1363,
8re,—1I send a drawing showing the arrangements I mean to adopt
for striking the centres of bridges on the Belgaum and Kolapoor road ;
and in the course of a couple of months, I shall have an opportunity
of reporting on the same.

I feel confident that success will attend this arrangement, for in
one case last season, when I used sand in bags only, there was no
failure, though the centres had to be supported with blocks befcre the
key stone was driven owing to the bags having commenced to split
from the weight brought upon them during the construction of the
arch. In fact, I had to adopt the method used by Captain Mead while
the work was in progress, instead of from the commencement. The
blocks were eventually knocked away and the centre lowered by open-
ing the mouths of the sand bags.

By having the sand in iron cylinders from the commencement, this
double process will not be necessary. The only doubt is whether the
sand will run out freely on the doors being opened if it happens to have
got into a moist state, but I see no reason why it should not be kept
perfectly dry, for the timber piston or plunger fits close into the iron
cylinder, which might moreover be temporarily covered so as to prevent
any moisture finding its way between the piston and the cylinder.

It will be observed that there are two sets of sliding doors in these
cylinders so that the centres may be lowered by degrees, and with
more regularity than with sand bags. The doors can moreover be
opened and closed at pleasure with the greatest ease.
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Of course these cylinders are expensive but they will last for ever
when once made up, and their cost can be recovered by charging a
small sum for each upon each bridge used.

I do not think I would ever again trust to sand bags alone to sup-
port a centre for an arch in progress. I would only use them for the
actual operation of striking as in the case reported by Captain Mead.

C. J. MerrMAN, CaprTarr, R.E,
Ezec. Engincer, Belgaum and Kolapoor.

To the Superintending Engincer, Southern Division.
Dharwar, 21st November, 1863,

In 1857, when Colonel Kennedy’s assistant in Sattara, he suggested
to me the use of sand bags as noticed in Weale’s Treatise on Bridges.
On the Koombarle Ghaut road, when an opportunity presented itself,
I carried out his suggestion in the case of a bridge of 40 feet span,
and fouud the method to be both satisfactory and economical.

I submitted a report at the time to Colonel Kennedy.

The next opportunity I bad of using them was on the Whagary
bridge at Nassick, and I mentioned the circumstance in my annual re-
port for the year 1860-61.

The great advantage obtained by the use of sand bags, I found to
be—saving of expense and simplicity of arrangement, together with
diminution of danger to the work and workmen, at the time of striking
the centres.

Masonry arches are tried very seriously by the jar produced when
wedges suddenly fly home; and sometimes actual injury is produced.
Again, the heavy pressure of the superincumbent load locks the fibres
of the wood forming them, so firmly together, that no force will start
them, and I have seen a wedge broken to peices with a sledge hammer
which it had been necessary to use to drive it. Last year two wedges
had to be cut out from under the centres of a 80 feet arch, so immove-
able had they become, whereas the motion of the centres under the
use of sand bags is so gradual that the eye can scarcely note the set-
tlement of the frames till the increasing space over the laggings shews
that the structure is slowly descending,
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There is little or no pressure from the sand trying to escape, and
the mouths of the bags can be closed without trouble.

I do not describe the construction of the sand bags, because I have
come to the conclusion that boxes are very much preferable to bags
in practice ; and I have had them made up for use in the bridges now
under construction in these districts, and found them to act well.

The disadvantages of bags are the possibility of their bursting, either
from decay, or from the attacks of white-ants. There is also a slight
settlement which takes place as the load comes on them; this is due I
believe to the stretching of the cloth and the alteration of form, through
flattening of the bag. It was always necessary to provide for this, and
for accidents, by placing a block of wood between the horizontal beams
to relieve the bags of the pressure of the centre till it became neces-
sary to use them. These blocks were easily removed.

Cast-iron cylinders have been used in England lately, and Captain
Merriman has had sevéral of wrought iron made up in Belgaum, and
will doubtless describe their construction. It is not always possible to
get iron ones constructed ; I therefore send you a sketch of the wooden
sand boxes I have had made up, but the iron cylinders being much
preferable I would recommend their adoption by any one who can get
such easily.

Jorx H. E. Hazr,
Exec. Engineor, Dharwar Division.



No. XXV.

‘KOHAT FORT—PUNJAB.

From Lisur. A. W. GarNETT, Ezec. Engincer, Kokat, to Superin-
tending Engineer, Lakore.

.

Hungoo, 17th September, 1855.

Sir,—The documents which accompany this Report, are as fol-
lows :—

1. Revised estimate of the cost of restoring the Fort of Kohat, with
Appendices.

2. Statement of the armament and stores required for the defence of
the several works,

To illustrate the above I forward a general plan of the Fort and
environs, as they will appear on completion of the works.

To save the trouble of reference to former correspondence, I shall
first give a brief retrospect of past operations, after which, I propose to
notice the several departures from the original design, which have been
found necessary, and the several improvements and additions that have
been subsequently recommended, and shall conclude my report by ex-
plaining the effect of the above on the quantities and rates of the esti-
mate I have now the honor to submit.

The defences of Kohat first claimed the attention of the Government,
immediately after the annexation of the Punjab, and I undertook some
repairs to the old works in 1850, by order of the late Board of Admin.
istration. During these operations the old walls were found to be in
such a state of decay, that no mere patching up could preserve them,
and the attempt was abandoned by orders of the Board in April, 1851.
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Nothing further was done till March in the following year. In-that
month, I was called on for an estimate of the probable cost of putting
the old Fort in a state of defence. My designs comprised the restora-
tion of the ramparts of the old Fort, and a masonry revetment to the
escarp slope of its ditch; the addition of a crown work on its steep
south side, and the removal of those portions of the town within 850
yards of the works ; also some improvements in the Cantonments. The
Government sanctioned an expenditure of Rs. 81,689-3-8, on my rough
estimate of the probable cost of the above works, and operations were
commenced on the 1st December, 1852. The progress was slow at
first ; hands were scarce, and all materials had to be prepared on the
spot, before masonry works could be undertaken. On the 18th Octo-
ber, in the following year, the Governitnt sanctioned the impo )
tion of laborers at high rates of pay, which gave me the command of
as many hands as I could employ with advantage. Earlier in the
same year, Ensign Basevi's services were placed at my disposal for
the supervision of the Fort works. By the end of 1853, not less
than 1000 men were employed daily on the Fort, and with the ex-
ception of temporary interruptions from rains, nothing occurred after-
wards to retard the progress of the works. On the 20th February,
1854, I reported the injuries sustained by the heavy rains which fell
in that month. Also the loss of the whole western face and the
north-west bastion of the Upper Fort (the eastern face with its two
bastions had been previously destroyed by a severe earthquake, which
occurred on the 80th July, 1853). On the 25th of May following,
the modifications of my original plans, which I considered necessary,
and their effect on the cost of the works were expined in my report
of that date. The subsequent progress of the works has been fully
described from 1onth to month, and rough drawings have been sup-
plied to shew the actual state of the Fort at particular periods. All
operations were suspended, agreeably to order, on the 1st July, 1855 ;
and on the same date, I reported the several works which still re-
mained to be completed.

T have alluded to certain departures from the original designs, which
I shall now proceed to explain. They are of three kinds—First,
Modifications in construction, rendered necessary by difficulties which
could not be altogether foreseen or provided for in the rough estimate { _

2
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Second, Alterations in design, consequent upon occurrences during
the progrees of the work, which could not have been previously calcu-
lated upon; Third, Additions to meet extra requirements not provided
for in the original estimate.

The modifications in construction have been chiefly confined to the
foundations of the escarp revetments, and buildings in the Upper Fort.
The foundation works were in progrees during the Chief Commission-
er's inspection in April, 1854, so their nature will no doubt be in his
recollection. The arches which support the superstructure of the scarp
revetment, are turned on forty-eight piers of masonry, of an average
depth of 18 feet, whilst some of them were nearly double this depth.
The magazine in the Upper Fort will rest on similar foundations. No
provieion was made in the rough estimate for works of this descrip-
tion. It has also been found necessary to substitute pucka maeonry
retaining walls for kutcha ones, at the junction of the Lower Fort,
ramparts with the Upper Fort rownee, on account of.the great height
and weight of the ramparts at these points. I may also here mention
that ¢ rubble masonry’ has been substituted for * brick masonry”
in some cases, to effect a saving in the latter material, and that either
“kutcha brick” or “ kutcha rubble” has been substituted for the
“mud work” of the original estimate, the former in all exterior walls
of ramparts, the latter in all interior walls. The “mud work "’ was par-
tiflly employed in the Lower Fort ramparts, but it was found to be
impracticable to build these walls entirely of mud.

The alterations in design have been chiefly connected with the “ re-
lief” of the Upper Fort. The original designs were of course influenced
by the existing walls, for the preservation of which they were adapted,
but when these walls all disappeared one after another, until nothing
was left but the old mound on which they stood, there was no longer
the same necessity for carrying up the new “revetments’ to such a
height. Tt was too late to alter the plan of them, as the founda-
tions had been partly laid in, but a great improvement was effected
by reducing their height, and the height of the whole of the Upper
Fort by about 10 feet. Of other alterations, may be named the
omission of & fifth bastion, at the angle of the Upper Fort, enclosed
in the crown work, and some improvements in the tracing of the
galleries.
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The additional works to meet extra requirements are the buildings
for the Ordnance Department, including quarters for a Conductor,
storehouses, and gun-sheds. The interior space in the Fort is so con-
fined, that it is not easy to provide the requisite amount of accomoda-
tion for stores of all descriptions. By the arrangements shewn in the
drawings, I shall secure the following amount of flooring in the different
buildings :—

UrPER FORT.
Bomb-proof buildings, . 780 superficial fect.
Storehouses, . . 10,295 »
Cellars, ° . . 8,960 ”

LowER FORT.
Bomb-proofs, . . 160 »
Storehouscs, . . 2,640 »
Gun-sheds, . . . 2,876 »

The following are the chief additional improvements which are recom-
mended to complete the defences :—
1st. A “ covered way’ is required to the west, north, and east
fronts of the Upper Fort. The object of this work is to cover the scarp
wall which is now much exposed to view from without, it has also other
uses. The glacis of the Upper Fort will be somewhat steeper with this
addition, and it will be necessary to turf it or to sow its slopes with
grass. This has been provided for in the estimate.
2nd. The parapets are required to be increased to 10 feet in thick-
ness, in both the Upper and Lower Fort. Where the walls are not yet
built, as on the two south fronts of the Upper Fort, the necessary
thickness will be given to the ramparts to admit of a 10 feet parapet,
but in other parts the extra thickness must be given by building out on
"the terreplein or space left for the passage of the defenders along the
ramparts, and the roofs of the barracks along the interior wall must be
raised and strengthened, sufficiently to serve as a passage for guns
round the Fort.
~ 8rd. The magazine in the Upper Fort will be built in the manner
suggested by Col. Napier, during his inspection last spring, s.c., with
its floor sunk below the level of the Upper Fort. But with regard to
this building, it appears that it will not afford the room now required
_ by the Commissary of Ordnance. I propose giving the additional space
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required, by converting a passage in the rownee of the Upper Fort into
an auxiliary magazine. This passage was originally intended as part of
a postern to communicate with the interior of the Upper Fort, but will
be superseded by a more direct and safer communication to be alluded
to presently. It is situated in a part of the rownee inclosed in the
Lower Fort, in a position very little exposed, and can be rendered
bomb-proof easily.

4th. The “postern” leading from the interior of the Lower Fort
direct to the interior of the Upper, is & work so mach needed, that it
should be rather looked on as an omission in the former designs than as
any addition to them.

5th. A new entrance in the north front of the Upper Fort, with a
bridge and “ place of arms,” has been provided for in the estimate.
The counterscarp or outer wall of the ditch being here 10 feet lower
than the rownee, it will be necessary to enter the latter by a postern
and steps.

6th. The completion of the masonry revetment, with rownee, &ec.,
round the two south fronts of the Upper Fort has been included in the
estimate. The objects, and I may add the necessity, of this work are
sufficiently obvious.

7th. It is proposed to reduce the height of the mound and
rock to the north of the Fort, 8o as to bring it as much as possible
under the fire of the Upper Fort. This will be explained by the
sections.

Lastly. The remaining improvements proposed require no remarks,
as their uses are obvious. The following have been provided for in the
revised estimate :—

" Bomb-proof coverings to wells.

A caponniere to communicate between the Upper Fort and the out-
work to the north.

A masonry “traverse” to protect the entrance to the Lower Fort,
which will also serve as an expence magazine for the Lower Fort.

Barbette platforms in the bastions.

The great difference between the quantities of work executed, and
those estimated for, is partly attributable to the modifications in con-
struction explained before, but more particularly to former omissions.
There is a wide difference between estimating for an original design, and
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estimating for the restoration of a tottering old Fort. In the one case
the measurements are certain, however inadequate the rates may be.
In the other they are uncertain, 3. e., they depend upon contingencies
which no amount of experience can always anticipate. Ihave explained
how the measurements have been largely affected, in one instance, by
the great depths to which it was found necessary to penetrate for foun-
dations, how walls which it was intended to retain, disappeared alto-
gether, during the progress of the work, and had to be replaced de novo,
and how bastions have crumbled away before the protective masonry
walls could be built to support them. I may mention in addition, that
the adaptation of the new works to the remains of the old Fort, have
not only been attended by difficulties, but by considerable danger to the
people employed. As to the cost of works, the Government will have
been prepared to expect a considerable increase in the charges when
sanctioning the advance in the rates of payments, to secure a large sup-
ply of laborers. But there are other causes which have tended to make
the Fort works more expensive. The confined space in which the bulk
of the operations was carried on, the great heights at whichsome of the
works, and the great depths at which others were executed, the losses
by rains in this variable climate, not so much by the injuries done to
the works as by the interruptions they occasioned, whilst the work
people were receiving an uniform monthly pay, were another source of
expense. A single day’s rain would thus cost 800 rupees, exclusive of
the cost of repairing damages. I am aware these are contingences
usually supposed to be covered by a small per centage on the amount
of the estimate, but 'instead of adding a twentieth to the cost,
they increase it a fifth or thereabouts, in a work like the Fort of
Kohat.

‘With the above observations, I now submit the final estimate for
this work, amounting to Rs. 4,06,012-6-7. I ask this sum to complete
the defences of Kohat. It includes the cost of all works executed up
to the present time, and all additions and improvements that have been
recommended, but does not include the cost of alterations in the Can-
tonments, which should not be confounded with the defensive works, as
in the original estimate, and it does not include the cost of ordnance
and stores required to maintain the Fort in a defensible state.

A. W. GARNETT.

-
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STATEMENT OF ARMAMENT AND ORDNANCE STORES REQUIRED FOR THE
ForT orF Konar.*

ORDNANCE.
Ordnance, iron gun, garrison, 18-pounder, 6
- - s 9-pounder, . ... 10
» ” morl:ar 8-inch, . 8
ORDNANCE STORES,
Axletrees, i u'on, siege carriage, N. P., spu.re, 2
Barrels, boage, ... 8
Bar, lifting, carri 2
:lgfds, mortar, iron, 8-i 9
inds, embrasnre, o
Blocks, iron, with B sheaves, double, large, 2
e, 2
Blue lights, ” single, 80
Boilers, copper, mediom and smnll 2
y»  irom, » » 2
Borax, Ibs.
Boxes for mplements, gnns, 8
,  ammunition, tar and gtense, 4
»  case shot, 18-pounder,... 8.
,» fuge, vee .. gg 3
» hght balls, sE &
Bo s:gm.lbmckets, ves o) ™
xcs nave, brass, for siege carri spare, .. oo 4
Brass or gun metal, hunﬁzmd, lges, - .. 1bs,, 60
Brushes, painting, large and smnll 6
Buckets, wooden, gun, .. voe 8
, garrison, iron, ls-pounder, v 4
” » wooden 18-pounder, 4
» o iron, 9-pounder, .. 6
» wooden 9-pounder, 6
» slege, limber, with ES 18-pounder, N. P, ee 3
”» » » 9-pounder, voe . 5
” garrison, wooden, depression, 18-pounder, ... e 2
» » 9-pounder, 2
” cart, hand or truck, e ?
Car’l:'ridges, siege, empty gun, 18-pounder, 8,600
” 9-ponnder, 6,000
Chuns, dnft, siege mmnge leadin, 8
” » » pole, 8
”» tmnsport carriage, ... oo 1
»  for drag ropes, siege, 16
' locking, siege carrmge 8
Charcoal, e won .o wee
Cloth, waxed new, o feet, 100
Colora, union, 18’ x 12/, 1
»  8X 5y, ... . " 10(1)
Composmon, greasing,... 8.
Copper, sheet, thick, = ... - 50
N » thin, .. 150

* This list has been given as likely to he useful to the Military Engineer for refcrence in similar
cases—~[Ep.]
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Draft, equipment, drag ropes, &c., in proporhon for 8 siege camages,

Engines, water, complete, small, vee
” ” » hose, lent.her, spu.m, e
” ” »  BCTEWS, .
suction pipes, v
Formers, wtndge, siege gun, 18lbs., ... e
» ” .
” mortar, 8-inch, e ee
els, copper, mediam, e v
Fugles, filled, common, 8-inch, oo oo ooe
» - erical case, . s oee
Gins, large, complete, e oee e
Gin, .. see
Glasses, hoyr, ... vee . s see .
Gratings, or Garland's shot, s e .
Gurrie, bell metal, .. von oo
Hﬂhmm@hmmnhuﬂa&wwm?& v
» » » axletree, beds, slege gnns s
» » » felloes, S o»
) ”» ” . m'iso » ” oee
» ] ” Spokes, ”» » o
Heads, rammer, 18lbe. gun, ... vee s
» » 13}2: » e oo
»  Sponge, » e
ge 9lbs. ,, vae oo
Implements, gun, aprons, canvass, siege gun, ™ .
» » cartouches, leather, large, ... 0ee
» » hammers, with tqrusmw, ves .o
, oo 1}
Implements, gnn, hnnds]nke, eommon, ..
» » iron, mortar. e
” . s traversing,
» » kmveo, circalar uege, ) T .o
o » ladles, copper, slege, ordnance, ... e
» »  8crapers, for shells, . oo, .
o »  sockets, portfire, v e
. » tamping, siege gun, 181bs, " e
» » » Ibs.,
» ” » ;;;)rtar, 8-uich .ee
» ”» t es, complete, .ee .
s » waaﬁf:oks mege, . oee
wmches, iron, o e
Implementa fnze augurs, hands, ... .
» bags for blowmg and burst.mg powder, 181bs.,
”» ” » . » ”» ” 9lbs.,
» »  benches, . vee vee .o
» »  blocks, driving, ... vos
”» ”» » aett!ng, "o .o
” »  drafts, of sizes, ... e .
» » engines for drawmg, . .o .
» . , composition or mnr ors,
A " .
» ”» hdles eomponh v
. » malleta, driving or sethng, large, es
” » smal], ) oo
. » pmeers, brass or oopPel': ™

» » roughers, steel, ves
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Implemenfs, fuse, setters, common, large, 8-inch,

o mgﬁﬁm““?“

%
i

”

T8, .
qnadrants, plamb, ...
scales, diagonal, brass, o
telescopes, o
Iron "iat bar and round, e "o
Jacks, hand, double, ... e
Lanthorns dark, . .

- Muscovey, ... ore
Labora
Light balls, " v

Match, gun, common, ... vee
»  quick,
Measures, eopper, powder, 1 to 8lbs., selx,
Mortars, brass, ... o e
» pesuesv
Platforms, travemng wooden lslbs. ses
» gun, complete, m
ortar,

33

Quoms, mortar, 8—mch, 2ina set, .
Quoins, siege, ordnance, s
Rockets, signal, 11bs, o o
Rockets, staves, signal, o
Rope, Enrope 8-inch, e s

w » }-mch i

» 2 Apdneh, e
Scsles, copper, with beams, large,
» medium,

Scale bouds, . . .o

” lﬂlgﬁ, (12 e
chains, oo oee
Screws, ei’evatmg, garrison gun, spare,

»  iron, for woodwork, of sizes, ...
Shells, sphencd empty, loose, 181bs.,
Shell oommorn, empty, loose,” 8-ing

carcass, filled, 8-inch, Ch’
Shot, case, fixed to bottmns, gun, 18{::9.
9lbs.,

»  round, Toose, gun, 18Ibs,, ...
”» 99 ] ” ] e

Sieves, brass wire, medinm, .
”» » e, “e .o

» leather tops, ... .
» receivers, ... o

Skins, sheep, undressed, e
Sponges, siege gun lSlbs., e e

)
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Sponges, siege gun 9lbs., vos ™ o o

mortar, 8-inch, ... . es oo
Staves, colors, union, large, complete, e vos

Tar and grease, mixed, Ibs.,
”» 99 uws, m, e oo vee o

gﬁm, oot b1 -
b'!“, 8. 02, vor .e oos BO
80z. to § dram, ... »

W'heels, wooden, siege carriage, spare, ...
‘Windlass for gin, »ne o oo o .o

e veo Ibs,,

3
b4
H
)
W~
B me BonES

MISCELLANEOUS STORES, CALCULATED WITH REFERENCE TO ARMAMENT,
A8 ABOVE, AND OF A MAXIMUM STRENGH oF 1000.

Accoutrements in proportion to 250 stand of small arms,
Bags, e . | 24,000
Bamboos, 1st size, .. e e e 50
” w e 100
’ e 200
nnmumnon, common, camel, e .
tin, for 500 percussion caps, e 1,200
ussion, s ...| 600,000
Cartri balled, percualion, wal‘};gieee, Z} dmms,... 25,000
» mi
e T, red, and white 10 yards of eache. ...yards, %
untin, blue, W] ./
Chokers, fascine, . es ¥ s e s 20
Clot.h, linen, old, e .. ote e

oo .o o ooe

Cotton wwk, e .. e s lbl.,
Pormeu, cartridge, wall-piece, ... o ave
Trol lmlry musk oo oee or e,
n, col .
Knives, laboratory,
Lead, Pig, e o .o .. cwt.,
Ladles, i iron, melting, e s .

l(usketry, mnskeh, meon, o o e e
Nﬂs, 1ron, lplm- v - . " o " Iy

» vee o o s

Of mh, oee (1Y) e L) Adad 2000
P” c’;rmdge e reams, "2
P“lm, M mmo, .o o o o

» e vee ore

828 g.828za2

[y
oW




Plank, 8-inch, deal, ...

e running feet, 500
8i8800 or um] .o oo o ” 500
Powder, musketry, serViee, oo oo Ibs,, 2,500
Rope, country, 3-inch, " e e oms, fgg
Scissors, Iaboratory, oL LT LT 4
Shells, eommon, empty, loose, gmnade, " ooe «| 1,0000
Steel, E: “re, e oo eee lbs., 20
Timber, sai s e oee cub. ft., 250
Tin, block, e e e e T 2,000
Tools, artificers, saws, hand, ... . e e 20
Tools, intrenching, axes, felling, ... e e %
bi .
” ” . .ee .
» s axes, pick, . . . o gg
T;’vme, eon'l’m-y, . . Ibs.,) 50
,  Europe, ... . .. vee 80
‘Wrappers, ammunition, ... e e e . 8
ENGINEER STORES IR ADDITION TO THE ABOVE, CALCULATED FOR A
DEFENCE OF TWO MONTHS, WITH GARRISON AS ABOVE.

Bags, sand, ee ee . e 24,000
wheel, .o e . o o 100
Buckeﬁs, woodm, . e 80
Carriages, cart, hand, or platform, e . 5
artificers or store, s 1

Jach, hand, double, . e e e 1
Ladders, scaling, 10 feet lengths, .o . o 20
Tools, artificers, adzes, carpenters, - 15
” »  carpenters, ... .. wes 8048 1

” »  emiths, e e ” 1

» »  iners, ... we l(l)'

:’. :’, ] small . 10

” » levela, gmlmd square, with bob, . 10

” » priming wires, miners, 15

» »  8aws, hand, . 50

» n » cross, cut, . 25

» K] ” Plt,_ soe s eon . 156
Tools, artificers, ladles, miners, . 5
” »  hammers, sledge,m . 26

” ”» . 25

” ”» tnmpmg bam, miners, . b

» stones, grinding, large, ... oo oee 15

” intrenchmg, axes, fellmg, ee sgg
AR A% = T
” »” » hook s, .o .es voe 800

» o crow bars, iron, oe 80

” » hatchets, hand, with handles, ... 15

» » helves, axes, pick spare, . 1,000




Tools, intrenching, sap forks, s 18
”» » shovels, common, e s 500
”» ” » m-lll s con .o 50
” » spades, common, 250

The armament in this statement is that which has been recom-
mended by the Chief Engineer, and the stores are either in proportion
to the armament or to the maximum garrison. There are probably
some omissions in this statement, and the proportions may not be
according to established usage. I should therefore recommend that
the matter be referred to the Ordnance Commissariat Department, as
soon as the armament is definitively settled. I should like to have some
experiments tried with the 18-pounders now in the Fort, to test the
capabilities of the ramparts for standing the concussion from the dis-
charge of heavy ordnance before the nmumber of pieces is increased.
In the lower Fort, at Kohat, the scarp side of the ditch is maintained
at an unnatural slope, (if I may use the term,) by a mere facing of
mud bricks. I am not sure that the works built thus will stand the
firing of heavy guns until some experiments are made.

A, W. GABNETT.

ABSTRACT OF ESTIMATE.

R. A P,
54,45,270 Earthwork, excavation, ordinary, at Rs. 5 per 1 , 27,226 5 7
83,19,483-56  Earthwork, excavation and filling in, at Rs.7 perl 23,236 6 2
8,89,493:76 Earthwork underground excavation, at Rs. 50 per 1 000, 16,974 11 0
12,255 Mud work at Ra. 8 per 1,000, ... 367 10 4
1,78,992:68 Pucca masonry brickwork (plam ) at Rs. 20 per 100 85,798 8 b5
84,715°91 Pucca masonry brickwork (arched,) at Rs. 22 per 100 18,637 8 0
6,07,499°46 Pucca masonry rubble work, at 18 per 100, ... 1,09, 349 14 5
5596876 Kucha masonry brickwork, at Rs. 7 per 100, - 89178 2 1
2,10,057'81 Kucha masonry rubble work at Rs. 7 per 100 oo 14,704 09
46,91;1‘5 Kucha pucca masonry, at Bs. 15 per 100, oo e 7,087 10 O
8. f.
10,999'55 Plat roofing, Enca, at Rs. 40 per 100, ... ooe . 439918 1
16,427 Plat roofing, kucha, at Rs. 30 per 100, e 4,928 1 7
25,87{5'44 Pucca flooring and plastering, at Rs. 10 per 100 e 2,687 8 8
e f.
14,082:82 Pucca masonry in wells and staircases, at Rs. 24 per 100, 8,379 14 0
10,802'82 » paved in gun platforms, at Rs. 45 per 100, 4,860 5 11
T.
650 Closed drains, pucca brickwork, at Rs. 2-8 per foot, . 1625 0 0
2,000 Open wall drains, pucca brickwork, p]astered at Rs,
0-12 per 100, ... ... w e 1500 0 O

Carried forwaxd, ... . 815791 8 O
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ABSTRACT OF ESTIMATE.—( Continxed.)

R A P
r. f. Brought forward,... .o .. 815,791 8 0

1,500 Openlgalldmm,pnouphsmed,only,atmo-s 6812 0

per

7,190 Opendmns,utoneandpneaphmﬁ,atna.o-z-s

P per 100, Y} ves ves vos eee eee 000 1,128 70
s f.

1,05f6 Bridge platforms, sissoo timber, at Rs. 2 per 100, ... 2112 0 0
¢ f.

2,694:26 l"irhmbermbndgen,bhndagu, &c.,at Rs. 14 perfoot, 8,24213 ¢
864'16 Sissoo timber gates, magazine, &c., at Rs. 2-12 per 100, 1,001 6 7
464 Superﬁdalfeetmsoomguwe,amchea,utkz:;‘rt:rfoot, 1,856 0 0

8,686'75 for timber in doors

gh Rs. 1-8 per 100, o o . 5530 2 0
weight.

6,700 e, iron work in drawbridges, &c., at Rs. 04 per b.,... 1,675 0 0
87f2 bs. copper work in magazine, &c., at Rs. 1-8 per 1., 568 0 O
8.

8,744:28 Painting, at Rs. 2—8per100 vee oo o 218 9 6

7,99600  Turfing glacis, at Bs. 0-8, = ... = .. .. 8998 0 0
Total Fort Estimate, ... 8,837,576 10 8
c APPENDIX L. OUTWORK.

c.
16,90,000 Earthwork excavation, ordinary, ut Rs. 6 per 1,000, o 10140 0 O
79,907 Excavation in rock, at Rs. 50 per 1, e 899 8 7
780 Pucca masonry bnckwork plain, at B.s. 21 per 100, ™ 163 12 10
6,227'51 Pucca masonry brickwork, (arched,) at Rs. 24 per 100, 1494 9 8
388,135'76 Pucca masonry rubble work at Rs. 18 per 100, o 6864 7 0

444494 Superficial feet pucca plutenng at Rs. l2perloo, vos 533 6 8

290 Snperﬁcml siss0o timber in bridge platform, &c., at Rs. 550 0
(]
3,216 lb&l;?:rnworkmdnwbndge&c.,ath4pam e 804 0 O
Total outwork, ... 24,5756 9 4
Total, s ... 862,151 8 7
Allowance for contingencies, ... 18,107 8 11
8,80,258 12 6
APPENDIX I
Compensation for nlhges pulled down, nnd various
property removed, ... oo e 25,701 2 O
Grand Total, ... .. Rs 405959 14 6

AWG

From Brigadier NEVILLE CHAMBERLAIN, C. B., Commanding Punjab
Irvegular Force, to the Military Secretary to Chigf Commissioner,

Punjab.
Camp Kohat, 30th December, 1856.
S1e,—In compliance with instructions received, I have now the
honor to place before the Chief Commissioner my opinion of the works
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*of the:Kohat Fort, either executed or proposed, as also on its proposed

armament.

Before, however, entering into any details, I think I ought in the
first place to bring prominently to notice, what I believe the present
condition of the Fort to be, and what it still must remain even after
it has been strengthened by the addition of the whole of the works now
estimated for.

Since Sir Charles Napier first “ recommended the repair of the Old
Fort as being exactly where it ought to be, and needing very little to
make it a perfect protection to the town,”’* Rs. 2,71482-15-2 (includ-
ing Rs. 25,701 paid on account of compensation) have been expended
in fortifying those old remains; and all that portion of the town
which formerly afforded shelter close up to the defences of the place,
and impeded its fire, has been swept away, and removed out of gun
range.

But notwithstanding all these improvements at so heavy an outlay,
the inherent defects of the position appear to me to be of such a nature
a8 to forbid the idea of the present work ever possessing those elements
of defence which would ever entitle it to the name of a fortress, (unless
indeed it were surrounded by a fresh line of works, and the present
Fort be viewed, merely as an inner line of defence or citadel,) and as in
a question of this nature, government must necessarily depend upon
its officers for information, and on so important a subject the real facts
cannot be too prominently made known, I feel that I have no option
but to state as I have done, what I believe to be the case, leaving it of
course to others to confirm or upset that opinion.

If my judgment be correct, there can be no motive for perfect-
ing] the defences, further than is necessary to ensure the following
objects :—

Firstly. To secure its safety as a depdt for arms, ammunition,
military stores of all kinds, and grain.

Secondly. That it may afford a secure asylum for persons and pro-
perty on any occasion of the troops having to leave the cantonment
unoccupied.

Thirdly. To be able by its fire to defend the town against any
descent of the hill tribes in mass.

® “ Indisn Mis-government,” letter, dated 11th March, 1350, to Lord Dalkousie, page 126,
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‘When perusing the remarks I have now to offer upon the Executive
Engineer’s propositions and estimates, it will be necessary always to
bear in mind the opinion I have expressed as to the inherent weakness
of the site, and what I conceive to be the object of the Fort, for every
thing that I say is of course based on the supposed correctness of those
conclusions.

Perhaps my clearest way of explaining myself is to class the
proposals and estimates under three headings, viz., Indispensable,
Desirable, and Unnecessary; and with reference to the two first
named, to distinguish as far as possible the relative mportance of
each work.

AnsTBACT OF ESTIMATE.

Rurxes.
1 Gates to the upper and lower forts, - - - 653

g | 2 Completion of the upper fort rampa.rts a.nd scarp on
a e south-west fronts 9,000
= | 8 Postern between upper and lower fort, - = - 3,724
% < 4 Levelling the interior of the upper fort, - - - 2,334

& | 6 Construction of a range of store-houses and barracks,

g * in the south angle of upper fort, - - - - 17,300
L Total Rs. 33,011
(1 Bridge over lower fort ditch, - - 1,810
2 Gun carriage sheds (for ten mma%es) in lower fort, - 2,072

§ 8 Second range of store-houses an barracks in north
8 and west fronts of u aﬂ)per fort, - - - 29,500
s { 4 Barbette platforms in all the bastions, - - - 4,860
= | 6 Completion of covered way to upser fort, - - - 5400
5 6 Completion of glacis of upper and lower fort, - = 12,000
L Total, Rs. 56,642
1 Second range of gun sheds in lower fort, - - 2,000
- |2 Masonry traverse and expense magamne i lower fort, 2,164
nis Bombproof covering to wells, - - 13,92
gl4 thickness of pmpets lower pa.rt, - - 3200
# J 6 Entrance to covered way, north front, - - 1,000
2 ) 6 Lowering of hill to north of fort, - - - - 5,000
<] 7 Out work on hill to north of forb, - - - 24578
5 | 8 Caponiere between out work on hill and fort, - - 2,850
L Total, Rs. 42,791
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The only works I can recommend to be included in the. Budget for
1857-58 are those specified in the first list, and as their necessity cannot
I think be questioned, I think they should be commenced upon a$
once, and completed without delay, for the Fort in its present condi-
tion does not fulfil any one of the three conditions I suppose to be
required of it.

The works named in the second list, should I think be entered in the
Budget for 1858-59 ; whilst those pronounced by me unnecessary can
either be struck out altogether, or be again taken into consideration on
ihe others being completed.

These remarks conclude all that I have to eay with reference to
“works proposed;” and I will now in a8 few words as possible
proceed to comply with that portion of the Chief Commissioner’s in.
structions which requires it of me to express an opinion on the “ works
executed.”

My ignorance of everything connected with the price of labor and
materials, disqualifies me from expressing any opinion as to the cost of
the works executed ; and having seen the shafts it was found necessary
to sink right through, and below the bottom of the mound, (the old
gite, and around and upon which the upper Fort has been constructed,)
before a proper foundation could be obtained for the foundation of the
magazine® to rest upon, I have had an insight into the nature of the
difficulties, and know how expensive it must have been to overcome
them.

‘Wherever masonry has been used, the works appear to be solid and
not likely to suffer from the weather.

The kucha buildings and earthen works were exposed to a very
severe and unusual trial last summer, and as a matter, of course,
suffered, but perhaps not more than was to be expected. The repair
of these works will always call for outlay, and require attention, but
much damage and loss may I believe be avoided by plastering the
exposed faces at the right moment, and in sufficient time to permit of
the mud drying ¢koroughly before the summer or winter rains fall.

In conclusion of this subject I may add, that the bastions of the

® The shafts, 8 in number, were 44 feet deep. The foundations of other portions of the defences
are from 35 to 15 feet below the level of the present ditch, which had to be sunk 10 feet below its
former level. Forty-eight plers, constructed under ground, of an average depth of 18 feet, spanned
by semicircular brick-arches, 3 feet thick, support the west, north, and east froats, comprising a mass
of 1,50,000 cubic feet of masonry hid from view’,



Lower Fort were in May last subjected to the test of having a few
rounds fired from them, from the 18-pounder garrison guns, and stood
well ; a further trial is necessary before they can be pronounced fit to
withstand the concussion of continued firing from heavy ordnance, and
this shall be done at an early date.

Twenty-four is the number of pieces* recommended for the armament
of the Fort. Assuming this to be the proper proportion for such a
work, I would still suggest a modification both of class and calibre ; for
the transport of so many heavy pieces with proportionate quantity of
ammunition and stores, could not be accomplished without considera-
able expense; and my belief is, that a proportion of lighter pieces
would be found equally useful for the purpose likely to be required of
them, and they would at the same time possess the very great ad-
vantage of being available for use in the field if required.

The following is the armament I recommend :—

Description of Ordnance. No. of Pieces.
Iron gun, garrison, 18-ponnden, - -« - - - 3
» » » pounders, - - - - - 8
» howitzer, 8mech, - - -« - < . 2
,» ortar, 8-mch, - - - - - - 2
Brass gun, ﬁeld 9-pounders, - - . - . 2
» ,, G-pounders, - - - - - 2
” hothzer » 24-poun ers, - - . - - 2
”» ” ”» unders, - - - - - 2
s»» mortar, ,, Bi-mch - - - - - - 4
” ” » 4f-inch, - - - - - - 2
Total, - - 24

The iron 8-inch howitzers and brass mortars, are in my opinion the
pieces most needed, and I advocate their being the first to be dee-
patched. Whether for the defence of the Fort or service in the field,
they may be turned to account on this border when other pieces could
produce little or no effect. Only in May last, some experiments were
made in my presence with the pieces of the Light Field Battery from
the bottom of the pass (Kohat), and the result was to establish their
inability to afford material assistance if the summit were held by the
Afreedies, and the infantry had-.occasion to possess themselves of it,
the 24-pounder howitzer was at last made to throw a shell on to the
top of the ridge, but not without having to give the piece undue eleva-

® 18-pounders, 6; 9-pounders, 10 ; 8-inch mortars, 8.
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tion, and then the range was too great for anything like effective
practice.

A couple of 8-inch howitzers properly directed would rob the hill of

itas strength, and save us loss of life; and the Government, family pen-
sions.

NEVILLE CHAMBERLAIX.

[ The Brigadier’s proposals were substantially sanctioned by Government, and the
work execated in accordance with them.—ED. ]

2k



No. XXVI.

UMRITSUR AND MOULTAN RAILWAY.

In March, 1856, the Scinde Railway Board requested permission of the
India House to commence a survey of the country from Moultan to Lahore
and Umnritsur, with the object of completing the combined system of steam
transit by land and water, so long advocated by their chairman. In July,
1856, the permission to conduct the survey was given by the East India
Company, and measures taken for its immediate commencement. Of the
political and commercial value set on this link in the chain of communi-
cation by the local authorities, the following extract from the report from
the Punjab Government in 1856, will be sufficient evidence.

“ 8o far as the commercial and material interests of the Punjab are con-
cerned, there is a proposed line from the north-east to the south-west,
which is of greater consequence to the country than any public work, or
any number of works that could be specified. A glance at the accompany-
ing map will show that Northern India has two natural divisions ; first, the
Provinces of the Ganges and its tributaries; second, the Provinces of the
Indus and its tributaries. In the first or easterly division, the stream of
trade and wealth must ever flow down the valley of the Ganges to the
natural outlet of Calcutta. Inthe second or westerly division, if the power
of art and science be brought to the aid of nature, the commerce could
follow the direction of the Punjab rivers to the Indus, then down the valley
of the Indus towards the rising port of Kurrachee, which is destined to be,
to the north-west of India, what Calcutta is to the north-east. To this
port would come the products from north-western Indis, and from the
Central Asian countries beyond that frontier; and in exchange for these,
the products of European countries. In this same direction, there would
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also arrive the vast quantities of Government- stores and material for the
military and public establishments in that quarter, and large numbers of
European travellers would frequent this line (in preference to the Eastern
route), on account of its comparative shortness and proximity to overland
passage to Europe.

“For the opening up of this western route, the importance of which
upon general considerations is so evident, it is proposed.in the first place,
to establish communication by rail and steam from Kurrachee upwards
to Moaltan, just above the point where the Punjab rivers join the Indus.
For the first section of this line, a railroad from Kurrachee to Hyderabad
on the Indus, a distance of 123 miles, has been undertaken by the Scinde
Railway Company.* At first, the line may be continued thence up to
Moultan, by steamers on the Indus, to be followed by a railway as soon as
it can be constructed ; there would then remain to be constructed a railroad
from Moultan to Lahore and Umritsar, to join or cross (or rather con-
tinue) the great north-western line between Calcutta and Peshawur. It is
this last-named railroad, from Moultan to Lahore and Umritsur, which im-
mediately concerns the Punjab; and the Supreme Government have direc-
ted complete inquiries on the subject to be made. It will now be proper to
state briefly what the advantages and facilities of the line are likely to be.

“The northern terminus of the line will be Umritsur, which is not only
the first mart in the Punjab, but also one of the first commercial cities in
Upper India. Its merchants have dealings, not only with all parts of Indis,
but also with many parts of Europe on the one hand, and of Central Asia
on the other. To this city there come the choicest Asiatic products, the
wool of Thibet, the shawls of Cashmere, the dried fruit and spices of
Afghanistan, the carpets of Turkey, the silk of Bokhara, the furs and skins
of Tartary, the chintzes and leather of Russia. In return for these arrive
the piece goods and iron of Europe, the fabrics of Bengal, the sugar of
Hindostan and the Punjab. To the same emporium are gathered all kinds
of indigenous produce of the Punjab. Of this trade, amounting, according
to reliable returns, to three and-a-half million pounds sterling per annum,
a large portion proceeds to and from Calcutta by the Grand Trunk Road,
another portion to Bombay by difficult and laborious land routes, through
Central India and the desert routes of Rajpootana, and a third portion (and

® This line is completed and open, and steamers ply regularly on the Indus. The voyage upwards
Is otill however very tedious.—[Ep.]



at present the ledst portion)-to Kurrachee, by water carriage on the Indus
and its tributaries. Of this traffic, then, nearly all would be diverted to
the proposed railroad from Umritsur to Moultan, and thence to Kurraches.
From these parts, most things intended for export would not go to Calcutta,
if there were facilities for going to Kurrachee; and of those things destined
for Bombay, all would go by the rsil to Kurrachee vid Moultan, instesd of
the arduous route through Central India. In the same manmer all the im-
ports for Umritsur, and other parts of the country between Delhi and the
N. W. Provinces Frontier, and the regions beyond it, which now come
from Calcutta or from Bombay by land, would proceed to Kurrachee, aad
thence upwards by rail.

“ But besides the noble traffic above indicated, which is of general as well
as local interest, there is already a traffic of some magnitude hetween the
Punjab and Kurrachee. 8o strong is the tendency of trade towards the
natural port and outlet, that large quantities of indigenous produce creep
and labor in clumsy native craft down the five rivers. In this manner,
hundreds of tons of cereals, linseed, sugar, saltpetre, and indigo pursue s
tedious way over 400 miles of the five rivers to the sea-board. The water
traffic is greatest on the Sutlej, next on the Jhelum, then on the Indus, and
lastly on the Chenab and the Ravee. The united traffic of the rivers up
and down (by far the greater part, say four-fifths, being down traffic), as ws-
certained by registration of boats at the junction point, Mithunkote on the
Indus, is not less than 700,000 maunds, or 85,000 tons per annum. Now
if the rates of carrisge by rail should be kept low, so as to attract commo-
dities which can only afford to pay for cheap transit, then it may be ocer-
tainly presumed, that of the above quantity all that pertains to the Sutlej,
the Ravee, and the Chenab, and a part of that belonging to the Jhelum,
will be diverted to the Umritsur and Moultan Railway, The present means
of navigation being wretched, and the rivers being difficult, the existing
water traffic would preferentially take the railway, provided alwaye that the
cost of transit be cheap. It is indeed, for the sake of this indigenous
traffic that every well-wisher of the Punjab must be anxious to see the day
when the rail shall be opened from Umritsur to Moultan. The traffic
may be already considerable and promising, but it is now as nothing com-
pared to what it would become, with the advantages of a rail.

“ Again, if the advantages, present and prospective, of this line, when
oconstructed, are great, so also are the facilities for its construction remark-
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shle. Thoungh the comntry situated above its northern teyminus is rich and
highly cultivated, yet the particular tract through which it will run is for
the most part poor. Between Moultan and Lahore, a distance of 240 miles,
the country is a dead level, hard and waste. In the first place, then, there
will be no cultivated or inhabited ground to be bought up. The price for
the land will be almost nominal. There are no engineering difficulties
whatever to be met with anywhere between Lahore and Moultan. The
Doab, or country lying between the two rivers Sutlej and Bavee, is elevated
in the centre, and the sides slope gently off towards the I:fvers. From the
centre or back-bone of the tract, their naturally run drainage channels to-
the rivers; consequently, while a road traversing the Doab, near the banks
of either river, must cross or be intersected by numerous little streams, a
line constructed in the centre would meet none of them. But the railroad
would run near the central or dorsal ridge, parallel to the course of the new
Baree Doab Canal, and consequently, the line will, perhaps, not meet with
any stream whatever. There being no streams, not depressions, nor eleva-
tions, there will, consequently, be no bridges, cuttings, or embankments, on
at least four-fifths of the distance. As it approaches Moultan, the line
would have to be carried across a few small irrigation canals, and to be par-
tially raised. In short it would be difficult to seleet, or even imagine, a
champaign more suited for the cheap and easy construction of a railway than
the country between Lahore and Moultan. Between Lahore and Umritsur
the country is fairly cultivated, and generally level. It offers no engineer-
ing obstacles. But there would be three or four small streams, and one
canal to be bridged. As regards material, the iron would come from Eng-
land; timber and wood of the best quality is obtainable from the hills by
water-carriage ; fire-wood exists in the utmost abundance; kunkur would
be generally procurable for at least half the distance; masonry would not
be much needed; if it were, there are ample facilities for brick-making ;
the population near the line is sparse, but labor is largely procurable from
other parts of this country for any great work.

¢ The absence of physical and engineering difficnlties is indeed most for-
tunate. For economy and even cheapness of construction will be essential
to enable the railway authorities to fix the transit line at low rates. The
passenger traffic and the more valuable commodities and products would be
considerable, and might bear tolerably high rates. But for a mass of pro-
duce great in bulk, but comparatively less valuable, lower rates will be
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indispensable.  For the goods trains, speed will generally be of lees con-
sequence than cheapness of hire. It is upon this condition, namely, that
of moderate hire, that the rail may be expected to supersede the native
river boats.” .

Report from WiLLIAM BruNTON, Esq., C.E., Superintending Engincer,
fo the CHAIRMAN and DIRECTORS of the Punjab Railway Company.

Labhore, 15th June, 1857.

GeNTLEMEN,—] beg to forward plans, sections, and estimates for a line of
railway uniting the towns of Umritsur, Lahore, and Moultan.

My estimate is for a single line of railway of 5 feet 6 inches guage, com-
plete with every appliance to render it fully effective, both as regards the
carriage of passengers and goods, and the public safety, with sufficient roll-
ing stock, tools, and machinery to work the same, and every way in accord-
ance with the recommendations of the Consulting Engineers of the Indian
Railway Companies, sanctioned by the Honourable Court, bearing date,
London, March 7th, 1856.

The main reason of my being able, in so short a time, to accomplish your
views, is the extraordinary adaptation of the country to railway purposes.
No tract I have ever seen, even of much less area, presented so few ob-
stacles.

I have as far as possible chosen the highest ground between the rivers
Ravee and Sutlej, in order to keep above the annual inundations, and where
this has been impracticable, I have provided such drainage as from the in-
formation I have obtained will be sufficient to keep the works perfectly
secure in case of floods. I shall personally inspect every portion of the
ground during the next flood, in order to be satisfied that I have founded
my calculations on correct data.

The working expenses of a line so laid down must of necessity be small.
Being nearly level, the consumption of fuel will be proportionally low, and
being almost entirely free from curves, the wear and tear of the rolling
stock will be trifling in comparison with lines not having the same ad-
vantage.

The pay also of natives is about 20 per cent. of that in England for labor
of the same description.
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- Ibave estimated but not shewn the position of a branch line from the
Lahore station to the banks of the Ravee. My reason is, that I wish to
see the country over which it must pass inundated (which is the case every
year) prior to fixing the most advantageous site for such branch. Which-
ever gite I decide on, my estimate will be adequate for its construction.

I have consulted the wants of the Mean Meer Cantonment, and have
allotted a station at each end of their lines. The stations at Lahore, Um-
ritsur, and Moultan, I have placed more especially with a view to native
passenger-traffic, which will be the main source of revenue from pas-
sengers ; they are also in suitable positions for the delivery and reception of
goods. .

It is possible (I may say certain) that near each station between Lahore
and Moultan, natives will form in time large villages. I should recommend
you to make such arrangements with the Honourable East India Com-
pany as shall give you the control over the erection of any buildings within,
say one mile, from each station ; that the villages may be constructed with
regularity, and proper sanitary measures taken, a8 you may be advised by
your engineer for the time being.

Over the whole length of the line, timber for fuel is to be obtained in
abundance.

At every ten miles along the line, wells will have to be sunk at an ave-
rage depth of 80 feet, at which depth abundance of water can be obtained.
This is a work which should be proceeded with immediately, so as to provide
for the wants of the workmen.

The station-houses also should be erected without delay, as they would
form head-quarters for my residents, during the construction of the line.

I have formed the line entirely on embankment; I find it necessary, even
where the surface of the ground would appear to warrant a cutting. The
reason’ for this is, that in the rainy sesson any place below the natural
surface becomes a pond, if level; and if at an inclination, a bed for a
stream.

The quantity of land which will be occupied by the railway and station-
plots, will be 1,700 acres, and lLiberty required to take side cuttings,
exclusive of this amount. This quantity provides for a double line of
railway.

« - In my estimate you will perceive I have provided for grassing the slopes
of embankments; this may seem an unnecessary expense to parties unac-
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six first-class engineers, residents, over certain districts, six second, and six
third-class, each first-class having two assistants; one first-class engineer,
a good practical man, to take charge of the principal office and drawing
department.

The number of inspectors required it is now impossible to state; it will
depend on what works are being proceeded with at the same time. These
men can be obtained in this country.

I am of opinion that I could complete this line of railway, ready for
opening, in four years from this present date, if I have every facility for so
doing afforded me.

That the passenger and merchandise traffic are sufficient even now amply
to repay the outlay, the statistical reports you already have from the
Government officers fully prove, but in my opinion the increase of these
sources of profit will be augmented to a degree that it is impossible to cal-
culate, when there is an outlet for the products of the country. At present
there is none, the natural result being, that only sufficient for the wants of
the immediate vicinity is produced; and, added to its being a source of
profit, the present position of India forcibly points to the absolute necessity
of rapid communication with all parts of a country made up of so many
discordant elements.

As your proposed lines of railway in connection with the river and rail-
way communication to Kurrachee, will form the main artery through which
the whole of the traffic from the Punjab must naturally pass, I should, to
complete the scheme, recommend that the cost of extending the line from
Lahore to Peshawur be ascertained as quickly as possible.

W. BruxToN.

Note BY THE EbDITOR.

On the 8th February, 1859, the first sod of the Punjab Railway was
formally turned by Sir John Lawrence, then Lieutenant-Governor of
the Punjab, and work which had actually begun a short time before
steadily proceeded for rather more than a year, when the unfortunate
disagreements between the Agent and Chief Engineer of the Railway,
which ultimately led to the removal of both, caused great hindrance to
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progress. Other unforeseen difficulties also arose. The principal contracts
were given to native contractors, who failed in their engagements, not
from dishonesty, but from want of experience, and the serious difficulties
arising from the great scarcity of labor. Under the able management
of the present Chief Engineer, Mr. Joseph Harrison, such difficulties
were, however, gradually overcome, but not without having to execute the
chief portion of the work by daily paid labor through the District Engi-
neers, and in 1862, the first section of the line from Lahore to Umritsur,
32 miles, was formally opened by the Lieutenant-Governor, and traffic
has continued on it uninterruptedly ever since.

A small section, 11 miles long, from the Steam-boat Ghat on the Che-
nab up to the city of Moultan, was also opened shortly afterwards. Of
the 218 miles from Lahore to Moultan, about 170 are already completed,
and the whole line will shortly be open.

It would be difficult to find a more extraordinary line, in some respects
than the one now described. The country is so flat and open, that, for 114
continuous miles the line runs as straight as an arrow down the heart of
the Doab, and in the whole distance of 250 miles, there is scarcely a bridge
larger than an ordinary culvert. The only exceptions are, where the
Railway is carried over two branches of the Baree Doab Canal on Warren's
Girders (80 feet span,) at a considerable skew, and across one or two
native Canals near Moultan. The gradients nowhere exceed 1 in 600, and
are in general much flatter.

The ballast used has been chiefly broken brick from the ruins of old
Lahore, which appear to furnish an inexhaustible supply. Brick is the
material every where used for all buildings on the line, and the Punjab
deqdar is the only wood.

Between Lahore and Moultan no place of any size larger than a third
rate village is passed, and even the few towns on the bank of the Ravee
were too insignificant to necessitate a circuitous route on their account.

The original Estimate amounted to about £6,000 per mile, including
" rolling stock, but it is believed this has since been increased. ~All material
and stores from Englknd were shipped to Kurrachee, and thence brought
by native boats or steamer up to Moultan or Ferozepore, whence they were
carried by land on to the line—the Ravee being nearly unnavigable.

The Rails are very light, weighing 66Ibs. only, to the lineal yard, but
a8 low speeds and cheap rates are intended, the weight thus saved where
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carriage was go difficult, more than compensated for any supposed disad-
vantage of using rails lighter than usual.  Owing to the difficulty of pro-
curing sleepers, 40 miles of Greave's Patent Permanent Way have been
imported and laid down.

A view of the Lahore Station is given in the Frontispiece, and a Plan
and Elevation of the Umritsur Station are here added.

The continuation of the line from Umritsur to Delhi has been sanctioned,
by which a junction will be effected with the East India Railway, and the
line is now being marked out. I hope to be favored with some details of
the works on this line (a very interesting one in an Engineering point of
view) 8o as to be able to communicate them in an early number.—J. G. M.
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No. XXVII.

SCANTLINGS OF TIMBERS—MYSORE.

By Major R. H. 8ankey, R.E., dssistant to Chief Engineer.

Tax want of Tables of scantling for beams and trusses having been expe-
rienced in this department, the accompanying, which are applicable to the
most generally useful of the indigenous Mysore timbers, are now by desire
of the officiating Chief Engineer, circulated for future adoption in all
roof designs.

-

With timbers differing so much in relative strength and elasticity, it 40 %

would have been a tedious undertaking to frame a set of tables for each;
a general and somewhat arbitrary classification has therefore been adopted,
which, within the limits assigned, will be found sufficiently accurate for all
practical purposes, while at the same time allowing of one set of tables

answering for all.
From Table No. I, it will be observed that the classification has been

: w
determined by the value of E = o)

all timbers, the value of E for which has been found by experiment, to
range from 4,000 to 4,500; class No. IT, those ranging from 8,500 to
4,000; and class No. III, from 8,000 to 3,500.

Although arbitrary, this is a sufficiently near approximation to the
truth, as an increase or decrease of 500 in the value of E, is very nearly
represented by the difference of the scantlings, assigned to the spans next
above and below.

In using the Tables, first ascertain from No. I, to what class the timber
belongs; if of the first class, take out the required scantling directly

in each case; class No. I embracing
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opposite the given span, whether for terraced or pent roofing; if of the
second clasg, take the scantling assigned to the next greatest span; and if
of the third class, take that of the next greatest again.

Thus, if it be wished to ascertain the correct scantling of a teak wood
girder for a terraced roof, 20 feet span, the girders being placed at 10 feet
from centre to centre, take out the scantling under a span of 21 feet in
Table No. III, which gives 16” X 11}”. Were on the other hand, the
timber Sumpengee, or Poon, the scantling would be 164" X 114, or that
under a span of 22 feet; the timber being third class.

It is not proposed here to explain the nature of the experiments under-
taken for ascertaining the values of E for each timber, or give in detail
the calculations made for fixing the scantlings required to sustain given
weights of roofing, the following brief observations will therefore serve all
present purposes.

The formula employed is the ordinary one E = §. o for rectangular
beams; (L) being clear length of beam in feet between supports; (W)
weight in Tbs. of roofing spread equally along the beam, and determined by
actual experiment for each description; () the breadth of beam in inches;
(d) depth ditto, and (3) the deflection assumed at ‘05 of an inch for every
foot in length.

Now if (a) be taken as the side of a square beam, and (W) be substi-
tuted for § W, which is equivalent to the weight suspended from the centre,

the above formula becomes E = 2% hence a = :/ L'w.

The value of E being given in tlns equation, for any known timber, the
gide of a square beam capable of supporting the weight (W), with the
deflection of 5 of an inch to the foot, is easily found by logarithms.

In calculating the presgent tables, the value of E was taken throughout,
a8 that given by the late Conductor Skinner, in his valuable work on Indian
and Burman timbers, fcr Pegu teak, viz., 8,840; it will therefore be
obvious that sufficient provision has been made for ordinary purposes, by
transferring this and other timbers of equal strength, to the second class
—or in other words assigning to them scantlings which would suffice for
timbers, the elasticity of which is about 500 less than that ascertained
by experiment.

Having found the value of (a) for a square beam, an assnmptlon has to
be made, to ascertain the dimensions of a corresponding rectangular one.
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a
= ——ables have been calculated from the above formulse.
A 2 1

54 R. H. Bankey.

mMENT PusLic Works. :

1
i
q':. Remarks,
i .
|
l
— j
LAT. This table gives the characteristics of the most generally L ow
- | useful timbers, for the Department in Mysore and Coorg, there .~
CaN, J are a great many others, however, which promise well, and -
TeL. Tanht | should be employed as occasion offers: of these the following
vady | may be specially mentioned. .
Lar. Dslf.
CAN. Biti Synonyms., Classes
TeL. Ye! ding to Localities.
’ t Botanical. Canareso. those In table.
Diospyros mlc;lafnaxylon. Banlay, Owlmm Nugur
Lar. Te Vitex .:'5‘3, olia, ‘wl:ﬁl." mcla::.ch-' gm&hﬂy
CAN' Mu ’ Acacls odaratissims, Billawar, 2nd class, Nug:h o:g;g, Kan-
TEL, Nallfg | Basislongifolis, Irpe, ard clase, Nogur, oy, Kaa-
," Nauclea cordifolia,’ Yettaga, » Coor:‘dl(n}lllvunhnn’{m i
3 Asodarachta indics, Bavena, " d::hnl.ly and u'
E %ﬂfﬁl: lmf"m. S;;‘:';‘g.f"""" ik o) l%ﬁmhnhnny
Others such as Mussay, Honnaul, and Genseena Murrah,
procurable in Nugur, are also well reported on for all work ;
they have not, however, been identfied botanically, or subjected
to experiment.




Roors.

Remarks.

yment of joists, laid transversely over the beams, the weight of the former is here taken
ng be used, will be placed at 15 inches from centre to centre, and where the beams are 5
juare ; where 10 feet, 6° x 4°. The slope of the roof in this arrangement is obtained
ambering them or nailing battens as mentioned in the remarks in the foregoing table. In
centre to centre, have been almost exclusively employed for terraced roofs, the interval
small joists (burgahs) 3 inches square in section, covered with two courses of tiles, and 4
ymental arches, with 4 inches rise, are turned from beam to beam, instead of employing
ing being respectively 756 and 911hs. per superficial foot, the beams require to be of

d 2 feet, greater spans would suffice. The precautions regarding the employment of sound
sially re?uiuite with this description of roofing, 12 to 15 inches has been allowed here for
ample if a wooden plate, or still better a stone slab of the same width, and from 2 to 2}

Commor TiLep Roors.

is made 3
e of the
Remarks.

Contents in
c. feet and
decimals.

‘92 By span in this table is meant the clear width between the feet of the raft-
153 | ers. e scantlings are calculated to bear the usual reapers (2 x 3“) one
193 | course of flat tiles and pot or pantiles above, with the weight of the latter in-
258 | creased by saturation from rain. Up to 15 or 16 feet spans the table will be
8:27 | found useful for couples placed at 18 inches from centre to centre, but above
8-95 | this the dimensions can be only usefully employed for rafters unsupported by
506 | struts, and as sach would only be employed for leans-to. For the dimensions
611 | of common and principal rafters for tiled roofs, see Tables Nos. 5 and 7. The
7'17 | length of rafters and hips here given equally, of course, apply to all roofs with
820 | a rise eqnal to one-third of the span.
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sl Where th.
!.:'; $ m.:i.llino.
LX) proportio
lazla, |
gse‘é 23|52
35T EE |8
t follows that the purlins will all be of the same length. That
8 |11] e} | 43 |orever practicable, the purlin should however be long enough to
4|11 6} | 4f ging. A square section should also be preferred to rectangular.
51| 7 |4 gth of their bearings from centre to centre of the purlins. In
él{11|7]s les must be made to the total length of rafter, to allow for the
T 781 5 Loantity of timber is em i i
ployed, by placing the purlins at 3 feet
b % gi latter. is immedistely orer the junction of the strat, with the
10118 |54 pary cases to disregard the slight advantage gained in quantity,
LI
| 2P e
RN
e~
—_—
e fe‘;ﬁ:": 13 Peet, 14 Peet, 15 Peot. 16 Feet.
D. !n. D.Is. D.lB. D, B.
., 6 4} 6} 431 6} 4 4
et | s 7 5 7 5‘ 7} }
i 14| sk 73 | 5% 7 5} 5%
i 8 8} | 8 8§ | 6 8t |
: 61 9 | e 9 63 9 | e}
! 9% 7 9% 9% 7 10 7
[10 | 78 | 108 | 734 | 104 | 73 | 1080 | 7
1 7% 11 74 11} 8 114 8
‘13 | 83 | 13 | 8} | ng | 84 | 12 8}
i 12 88 | 12§ | 83 | 123 | 9 124
| 123 | of | 128 | of | 128 | 91 | 18 9}
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Remarke.

This table shews the dimensions and contents of trusses, placed 10 feet from centre to
itre, and calculated to bear a weight over all of 501Bs. to the square foot, which gives
ple allowance for the weight of purlins, common rafters, reapers, also tiles eaturated with
n, &c. For dimensions of purlins, &c., see Table, No. 5. _
{n estimating the length of the principal rafters, 13 inches extra has been allowed for
ming in all spans, from 16 to 20 feet; 15 inches in all from 20 to 30; and 18 inches
+ 13 to 40 feet. For tie-beams, 18, 24, and 30 inches are similarly added to the clear
. . awithin same limits. For king-posts, 9 inches has been added in all cases.
% -x .suld it be desirable to substitute iron for tie-beams and king-posts, the following dia-
P 2,8 in inches of round rod iron will answer.
4

For all Spans varying from

16 to 19 | 20 to 24 | 25 to 29 | 30 to 34 | 35 to 39
foet. | feet. | feet. | feet. | feet. | 40feet
e-beams, .. . 3 1 1} 13 14 2
‘ng-posts, .. . + 3 1 1 1} 1}

\s ¢ Bengal terracing’’ weighs about 45Ms, per square foot, irrespective of the weight
the burghas, &c., it would be advisable to take out always scantlings for the next
iter spans.

. description of terracing lately advocated, which consists of two courses of flat tiles
' % 12° X 1§’ burnt very hard), and plastered over, weighs only 32Ibs. per square foot.
ntlings for the next less spans will be found sufficient for this. The rise of such roofs
1 not exceed §th of the span.

‘or corrugated iron or zinc roofs, rafters 6° X 3 spaced 3 feet from centre to centre,
1 4 purlins to each sheet, will be found to answer.
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No. XXVIII.
MACHINES FOR RAISING WATER.
(2xp ARTICLE.)
Calculation of the labor and cost of raising water by different mackines
occasionally (but not generally) employed in India. BY SERGEANT
J. WEBSTER, Assistant Master, Thomason College. o
TR
—— -
6. WixprLiss aANpD Bucker. ce T
. ] o~
(Worked by one man, with relief.) - W

‘Water raised 4 feet.

Content of bucket = 2 cubic feet = 12'5 gallons.

Length of handle = 1 foot.

Diameter of rollers = 15 and 7% inches.

Velocity of handle per second = 2 feet.

Space passed through by the handle at one turn = 6-28 feet.

Space passed through by the roller at one turn of the handle = 3-9
feet.

Height to which the bucket must be raised = 78 feet.

Therefore : Number of turns required to raise the bucket = 2.

Number of turns required to lower the bucket = 2.

Time required for one turn of the handle = 6—':3 = 814 seconds.

Time required for four turns of the handle = 125 seconds.
Time required for filling the bucket = 80 seconds.

Total time between each lift = 42'5 seconds.

Number of lifts per minute = 1'4.



270

. Useful effect = 50 per cent.
f Discharge per hour = 1'4 x 60 X 2 X ‘5 = 84 cubic feet = 522
gallons.
Estimated weight to be raised at each lift = 112 pounds.
Ratio of power and weight = 1: 382.
Modulus = *7.

Required force to overcome the load = 112

7. TaB Dair.
(Worked by two men, with relief.)

} ‘Water raised 5 feet.
Content of dall = 5 cubic feet.
Using a leverage of 1 : 1}, and making one arm of the lever 8 feet,
and the other 12 feet, we have—
Velocity of lever = 2 feet per second.
Time required for raising the dall = 8 seconds.
, Time required for lowering the dall = 8 seconds.
.2y *  Time required for filling the dall = 80 seconds.
T 3. Time required for emptying the dall = § seconds.
\_" w Total time between each lift = 42 seconds.

Number of lifts per minute = “ = 14

Useful effect = 70 per cent., we get—

Discharge per hour = 60 X 1'4 X6 X ‘7 = 294 cubic feet =
18375 gallons.

Estimated weight to be raised at each lift = 218 pounds.

Ratio of power and weight is = 1: 1°5.

Modulus = 9. '

Required force to overcome the load = 3 ’xls“ = 161 pounds.

If two men are at work, each has a load of 80 pounds at every lif$ to
overcome.

8. Tue DousrLE Persian WHEEL.
(One man and two bullocks employed.)

‘Water raised 40 feet.
Proportion of gearing = 2 ; 8.
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Diameter of driving wheel = 5 feet, pitch = 8'92 inches, cogs = 48.

Diameter of bucket wheel = 8 feet 4 inches, pitch = 8'03 inches
staves = 82.

At each turn of the bucket-wheel 8 buckets are emptied, the 2 wheels
empty 24 buckets at each turn of the bullocks.

Content of bucket = y&; cubic foot.

Therefore : Discharge of water at each turn of the bullocks
44 = 24 cubic feet = 15 gallons.

If the bullocks work on a lever of 12 feet, the length of the bullock
walk is = 24x = 75 feet, and taking their speed at 2 miles an hour,
we get—

Bpeed of bullocks per minute = SSBO“X 2 = 176 foet.

Number of turns per minute = -1-575—6- = 238.

Useful effect = 60 per cent.

Discharge per minute = 2:3 X 2'4 X ‘6 = 83 cubic feet = 207
gallons,

Discharge per kour = 198 cubic feet = 1242 gallons.

The buckets are 1 foot 8 inches apart, and the well being 40 feet

deep, the requisite number of buckets for each wheel will be “-,—’;1 =
60, 30 being always full on each wheel, the weight of water on both
wheels is = $§ = 6 cubic feet = 875 pounds, which is the total weight
to be raised, as the weight of the buckets and ropes are not taken into
calcalation, on account of their balancing each other.
o  Space passed over by the weight at three revolutions of the bucket
wheel = 10x.
Space passed over by the bullocks in two turns in same time = 48.
Therefore : Ratio of power and weight is = 10: 48, or 1: 4°8.
Taking the modulus of the machine at *5, we get—

Required traction = T?:%T = 156 pounds.

If two bullocks are employed, each has a traction of 78 pounds to over-
come.

9. Tae Svorrox Puxe.

(Worked by four men, with relief.)
‘Water raised 25 feet.
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Diameter of pistor = 5 inehos.

Stroke of piston = 9 inches.

Number of lifts per minute = 40. s

Quantity of water raised per lift = — =~ X 9 = 1764 cubie inches.

Useful effect = 50 per cent. !

Quantity of water raised per minute = 2 cubic feet = 125 gallons.

Discharge per hour = 120 cubic feet = 750 gallons.

The load to be overcome in raising the piston

=625 D7 x 25 x 108 = 230 pounds,

where 108 is a co-efficient for the passive resistances, as the friction of
the water itself in the pump, the retardation of the water in its passage
to the pump by the suction valves, and the weight of these valves.

The pump is worked bya lever, in which the ratio of power and weight
is = 1'8, and taking the modulus at ‘66, we get—

Required force to overcome the load = ,6623: 3 = 116 pounds.

If four men are employed, each has a load of 29 pounds to overcome.

10. Lrrr axp Force Pume.

(Worked by four men, with relief.)
‘Water raised 40 feet.
- Dismeter of piston = 5 inches.
Btroke of piston = 9 inches.
Giving the piston an average velocity of 86 feet per minute, we get—
.- Number of back and forward strokes, or number of turns of the
ha.ndle per minute = 24,

Therefore: Quantity of water raised at each turn of handle = ——
X 9 X 2 = 852'8 cubic inches.

Useful efiect := 60 per cent.
~ Discharge per minute = 8528 X 24 X ‘60 = 50803 cubic inches
a2 20 eubio feet = 18 gallons.

Discharge per hour = 174 cubic feet = 1080 gallons,

The load to be overcome in raising the piston is

= 6256 =X 5 40 x 1:08 = 868 pounds.
The length of handle being 15 inches, the ratio of power and weight



PLATE XXXV

| Zitk. 7.0 Praee

MACHINE S FOR RAISING WATER.

S Srecleon purgp.

G i s2roke.

Scale, ¥ irce I ook

[~

T
) OF *
AIAS

EXL

22

p

L Duans oA




W




Sincn Suction & Force Pump QincH sTROKE.

DETAIL OF PISTON






273

s = 1: 5, and if the modulus be ‘66, we have—

* Required force to overcome the load = 663:(8 = = 112 pounds. ] !

" If four men are employed, each has a load of 28 pounds te overcome. .

11. StrEAM WHEEL.

‘Water raised 5§ feet.
Length of floats = 6 feet, and depth = 2 feet.
Number of floats = 10.
Number of buckets = 15.
‘Whole content of buckets = 5'6 cubic feet.
. Mean surface velocity of stream = 2} feet per second.
- Revolutions of wheel per mizute = 2-45. .
Velocity of wheel per second = 1'5 feet = $ths of velocity of stream.,
. Dimensions of box with which the discharge was measured :—
Breadth = 18 inches,

Length = 22 inches, = content = 48 cubic feet.

Depth = 21 inches, C e T
Mean time required to fill the box == 80 seconds. DA W
Discharge per minute = 9'6 cubic feet = 60 gallona. oo

. Discharge per hour = 576 cubic feet = 8,500 gallons.
Useful effect = 70 per cent.

~ Horse-power of wheel = ‘88.
The above calculation is from actual measurement.

12. Wmmnm. APPLIED TO SucrioN Pome.

- Water raised 20 feet. '
Assuming the velocity of the wind at 10 mxles an hour, its velocity-
per minute will be = 879 feet.

The concentrated foroe of the wind acts at & distance of 4 feet from:
the top of the sails, or 11 feet from the centre, that is, at the centre of
gravity of the triangular sails. Now, the velocity of the sails at this
distance, whether unloaded or loaded, so a8 to produce the maximum:
effect, should be nearly as great as the velocity of the wind say gths,
and we get therefore :

. Velocity of sails per minute = § X 879 = 769 feet.

* Number of turns of wind shaft per minute = g—:— =11.
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There are two pumps of 10 inches diameter each, and the siroke is
made to vary with the strength of the wind from 6 to 8, 10 and 12,
inches, and taking 12 inches as the suitable stroke for the abovemen-
tioned velocity of the wind, and the useful effect of the pump at 60 per
cent., we get :

Discharge st each turn of shaft = 7% x 12 x 2 x *60

= 1180 cubic inches.

Discharge per minute = 1130 X 11 = 12,480 cubic inches.

= 8'8 cubic feet = 51'8 gallons.

Discharge per hour = 498 cubic feet = 8,108 gallons.

Number of arms = 8, and their length = 15 feet each, the sails ex-
tend from the tip of the arm 12 feet towards the centre, and their length
at the top is = 6 feet 8 inches.

The force of the wind with the abovementioned velocity is = *492
pounds per square foot, and assuming the effective area of the sails at
800 square feet, the total force acting upon the mill will be = 1476
pounds, if the wind is perpendicular to the surface of the sails.

Space passed through by this force at one revolution = 22 « feet.

Space passed through by the piston at one revolution = 2 feet.

Therefore : Ratio of power and weight = 1: 84'5, and taking the

_ modulus at -5, we get—

625 X (§) '» x 20 x 108

The load tobeovereomemmmngtheputon = ix s

= 1,458 pounds.
The required force to overcome this load is only = —4-& = 422

pounds, which is equivalent to an impulse of ‘14 pourds per square foot,
and is in accordance with a velocity of the wind of about 5 miles per
hour, from which it follows that the imill will not begin to turn until the
wind reached nearly a velocity of 5 miles per hour. Should it be desir
able to let the mill work with a lesser velocity, it is necessary to reduce
the stroke of the pump accordingly.

‘With the velocity of 10 miles per hour, which we assumed in this
case, the mill is able to overcome a load of 846 X 1476 = 5,092
pounds, or more than three times the requisite one, which is to be ac-
counted for by the fact that the impulse of the wind increases as the
square of the velocity.
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Nore By Eprror.

By a comparison of the Tabular Statements in this and the last No. (I1.)
and omitting the last two machines of which the motive power isa varia-
ble and uncegtain quantity, it will be seen that the Double Persian Wheel
is the most effective as well as the most economical of any in the list.
These wheels may be seen at work at Lahore, and a small working model
was exhibited at the Roorkee Agricultural Show; as well as models of the
Windlass and Bucket, and the Dall. The latter excited much attention
from its extreme simplicity and ought to answer well for short lifts.

The drawings and calculations for the two pumps are merely given for
the sake of comparison. By employing horse or bullock gear to either, the
power of course will be considerably increased, but it is doubtful whether
any form of valve-pump, would be so effective and reliable for continuous
working as the endless chain of buckets or the Persian Wheel, and up to
a depth not exceeding 100 feet. Beyond that depth the gearing is camb-
rous and heavy in proportion to the weight lifted.

Full sized specimens of Nos. 11 and 12 were also exhibited at the
Roorkee’ Show and excited much interest. The Stream Wheel is merely
the old Chinese wheel raising water from & running stream by its own
foroe; and therefore self acting, costing nothing when once up, and not
likely to get out of repair if protected from collision with boats, &c. It
can, however, only be effectively employed in a stream running with some
velocity and wide enough for the wheel not to interfere with navigation,
but its simplicity and economy recommend it where the other conditions
are favourable. The wheel exhibited wag 10 feet in diameter and cost Rs.
200, but ought to be built entirely of iron at a less price than that.

The Windmill was made at the Roorkee Workshops for the purpose of
raiging water for filling & swimming bath at Meerut, and seems likely to
answer well. Considering the cheapness of the motive power and that the
wind blows steadily nearly all'the year from ane quarter or another in the
Upper Provinces, it is curious that so little use is made of it as a prime
mover. A few desultory attempts have I believe been made, but not
properly persevered with. :

" If any correspondents will furnish descriptions and calculations similar
to the above for any other water-raising machines used in other parts of

India, I shall be glad to publish them.
J. G M




No. XXIX.

N. W. PROVINCES IRRIGATION REPORT,
1861-62.

[The following s an Abstract of the Revenue Report, prepared by the
Irrigation Department for 1861-62, but only just printed.]

The totals of the Canal Revenues for the past yeu were as follow :—

[ Ganges Canal, . . Ra 705800 9 8
% Eastern Jumna Canal, » 2,560,681 11 1
B-gﬁ Doon Canals, » 16011 4 8
§ £ Rohilcand Canals, » 85588 6 9
£ Agra Irrigation Works, » 12898 9 O 1020575 8 9

[ Western Jumna Canals, » 408968156 6 °

%' | DepimdGoomgaonlmi-) - 15790 0 0 47815 6
gation Works,
L Grand Total, Rupees, 1443334 8 8
The total cost of maintenance and repairs for the same period was—
( Ganges Canal, Rs. 479,061 2 8
i g Eastern Jumna Canal, » 108889 6 7
B.5J) Doon Canals, n 923548 210
£ Rohilcand Canals, » 85488 5 2
g | Agra Irrigation Works, ,, 11,589 4 0 642171 &5 8

‘Western Jumna Canals, » 21857711 2

Delhi and Goorgaon Irri- 1,9%312 8 2,15, 7
gatton Works, } ? ’ PIoH0 ‘

Grand Total, Rupees, eI T

Punjab.

-t f
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From the foregoing we find that the balance at credit of Receipts
over Expenditure for the works of Irrigation in the North West Pro-
vinces, amounted to Rupees 878,711-8-6, and ‘including the Punjab
works, to Rupees 585,404-11-8.

Gaxazs CaANAL.

The subjoined details exhibit in a brief form, some useful informa-
tion, regarding the present state of the Ganges Canal.

Length of main Canal and two terminal divisions, ... voe Miles 520
Length of Futtehgurh branch (in progress), » 83
Length of Boolundshuhur ‘branch, including right lm'l left

branches, (in progress), ... e e uee » 46
Length of completed rajbuhas to 30th Apnl, 1862 , 1,981
Number of villages which received the benefits of xrrlgsﬁon, . No. 8,982
Area of land irrigated, . square miles, 581
Cost of main Canal, mclndmg the two termml dmnonl, up

to 80th April, 1862, ... .o .. Rs. 1,60,58,185 9 1
Cost of Futtehgurh, Boolundshuhur, md Koel brmches, up to

90th April, 1862, ... we e e, 686818 2 8
Coet of rajbuhas up to 30th Apnl, 1862 e e e, 2195270 2 O

Total cost of Ganges Canal up to 80th April, 1862, ,, 1,95,89,728 14 1

Value of crops produced by Canal during 1861-62, ... e » 1,22,46,875 18 11
Cost of maintenance and repairs, ... e p 479,161 2 8
Amount of revenue, s e es e 39 7,056,800 9 8

Deducting the cost of maintenance and repairs from the amount of
revenue, it will be observed, that a balance of Rupees 2,26,639 appears,
or a surplus nearly equal in amount to that of last year, when for the
first time, the Ganges Canal paid its own expenses of establishment
and repairs, and yielded a8 money return to the Government.

It is gratifying then to note tkat the surplus of the present year is
as great as that of its predecessor, and that the Canal revenus, to
which an unnatural stimulus was given in 1860-61, still indicates pro-
gressive improvement.

In the Northern Division, as must always occur, the most work has
been done; as here are situated the most important engineering works
on the Canal, which require constant and careful supervision and neces-
sitate extensive repairs; these works had to undergo a very severe
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trial owing to the heavy rainy season. The bunds which are annu-
ally thrown across the Ganges at the close of the rains in order to
ensure a full supply to the Canal, are situate in this division, and are
works of considerable magnitude; the principal of these bunds was
breached on the 17th May, an unusually early date, in consequence of
the almost unprecedented early commencement of the rainy season;
this led to an immediate fall in the Canal supply, and on the 20th
June, the total rupture of the bund took place ; owing, however, to the
precautions taken in strengthening the bund across the Hurdwar chan-
nel, the supply required was maintained without inconvenience.

The boulder bunds or temporary weirs constructed at the head of the
Canal to admit of the supply being sent down, were four in number.

No. 1.—Bund across the Neel-Dharra channel of the Ganges.

» 2.~Beemgoda Bund, across the main branch of the Ganges.
» 38.—Beemgoda Bund in rear of above.
» 4.—DBund across the Hurdwar channel.

The work in these bunds is commenced with triangular cribs or
boxes made of young sil trees, measuring from 18 to 20 feet in length.
These cribs are floated to the site of the bund, loaded with boulders
and sunk to the bed of the river; the bund is then formed by filling
the boxes with boulders, its face being protected with small stone and
gravel, and the whole covered with thick grass mats, to reduce the
leakage a8 much as possible.

The protective works in both the Puttree and Ranipoor Raos, have, not
withstanding the severity of the floods, stood their test well. Mr. Login
states that in consequence of the approach of the latter on to the su-
perpassage in an oblique direction, he constructed spurs similar to those
at the Puttree, which turned its course perpendicularly to the Canal.

Regarding the effect of the spurs in both of these rivers, Mr. Login
observes that the fan of sand which has from year to year extended
itself down the Puttree valley, has at last reached the works, and
there is now 18 inches of sand on the flooring of the superpassage,
while on that of the Banipoor the sand is 7 feet deep ; below the Putt-
ree works, the Canal is in pretty good order, though the bed has con-
ndersbly deepened.

- Mr. Login also remarks that the River Rutmoo has silted up con-

siderably above the Canal, while below it, the retrogression of bed
2r

P
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level i in progress, and as the crib-work at the tail of the Dhunowri
dam is becoming decayed, he considers that it should be replaced by
boulder masonry.

Mr. Login has lately adopted the plan of never entirely closing the
Dhunowri regulating bridge during high floods, but of alwaya keeping
up a 3-feet supply in the Canal, which he considers will operate ben-
eficially not only in saving the revetment walls of the Solani aqueduct
from unequal and changing pressures, but in restoring the bed of the
earthen aqueduct to its proper level by the deposits of silt, held in
suspension by the flood watcrs, and also in keeping up a somewhat
uniform supply in the Canal during the rains.

The Upper Central Division, commences at Jaoli, and extends from
the 51st to the 84th mile of the main Canal. The head of the Fut-
tehgurh branch is likewise situated at Jaoli, and the works on the
branch, together with those in the Upper Central Division of the
Canal, were superintended to the close of the official year 1861-62, by
the same Officer.

The Futtebgurh branch is in course of excavation down to its 83rd
mile ; the first 40 miles were excavated previous to the mutiny, and
the masonry works completed at the same timne ; another portion, 20
miles in length was also commenced, and .work was in progress when
it was suspended by the mutiny in 1857 ; but, it has since been com-
pleted. The remaining 23 miles were commenced last year as a famine
relief work, and are nearly excavated, so that we may consider the
excavation as far as the 83rd mile to be complete.

Two escape channels have been designed for the branch; one at
Shajehanpoor and the other at its terminus, near Makhena, at the 83rd
mile ; the head of the Shajehanpoor escape is nearly complete, and the
channel has been excavated, but the Makhena escape has not yet been
eommenced.

The total increase of revenue in this division is satisfactory and
creditable to Mr. Parker; the increase in the khureef is very large
indeed, and so would in all probability have been that of the rubbee,
had it not been for the constant presence of clouds, and the generally
damp season, which led the Zemindars to expect a plentiful fall of
rain, and therefore induced them to put off as much as possible the
irrigation of their fields.
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 1n the Lower Central Division also, the abundant rainy season was
unfavorable to the prospects of the Canal; not only was a large khu-
reef crop secured without the use of artificial irrigation, but the ground
was left in such a moist state from the plentiful rainfall, that the Ze-
mindars were enabled to plough and sow without further waterings.
In spite, however, of circumstances go adverse to Canal interests, it is
gratifying to observe that the revenue has shown favorably in compa-
rison with that of the preceding year, which being one of drought and
famine, might be supposed to have been exceptionally high. Ensign
‘Willcocks, the Superintendent of this Division, also remarks on the
very large and steady increase of the better description of crops, such
as sugar-cane and indigo, both of which were almost unknown in this
part of the country until the Canal afforded means for their cultiva-
tion; he also observes that, “when I first joined the Ganges Canal I
certainly took a gloomy view of its prospects; but now I am as san-
guine of its prosperity, as those who have had a much longer experi-
ence of it thanI have had, and I look forward to an early date, when
my own division will return, in ordinary scasons, from 3 to 84 lacs of
rupees ;" this remark from an Officer of such experience in the Irriga-
tion Department is most valuable.

In order to illustrate the amount of benefit derived by the country
from the construction of the Canal, in allowing of the cultivation of
the more valuable description of crops, Ensign Willcocks states, that to
his knowledge 10 beegahs of sugar-cane were sold in one village for 960
rupees, and he observes that the Meerut district appears peculiarly
favorable to this cultivation. Ensign Willcocks also remarks upon
the great number of indigo factories, which are being constructed in
all directions in the Boolundshuhur and Allyghur districts, and in
fact, wherever Canal irrigation gives a fair promise of success.

Cawnpore Division.—The revenue in this division has made a very
satisfactory advance in spite of the abundant rainy season, which is
the more gratifying as it has been principally made in rajbuhas already
in existence, and is rot much due to the opening out of new lines.

During the year a syphon has been constructed under the Canal,
near the village of Manawa, to provide for the surface drainage of the
country. The work was executed under considerable difficulties on ac-
count of the depth at which it was necessary to carry the foundation
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below the Canal bed, and with a full supply running within a few feet
of its site.

The want of a dock at Cawnpore, has for some time past been much
felt, as the channel there is very contracted, and the numerous boats
which ply up and down the Canal, are laden and unladen along its
banks ; the work has been commenced this year.

A water-course for the memorial garden at Cawnpore, has also been
commenced under the orders of His Honor the Lieutenant Governor,
North Western Provinces. This will greatly improve the garden, and
by flushing the drains in the city itself, tend much to the comfort
and cleanlipess of the townspeople.

Mr Anderson brings to notice the large annual expenditure on silt
clearance in this division. During 1861-62, the silt taken out from his
rajbuhas amounted to no less than 120 lacs of cubic feet, at a cost of
18,500 Rs. The silt is, however, peculiarly valuable for strengthening
the banks, where the rajbuhas run, as they do chiefly, through Oosur
land, in this division.

Etawah Divisson.—The increase of irrigation amounting to 50 per
cent. in excess of that of the previous year, is very satisfactory, and
the more 80 as it has been alinost entirely obtained from old standing
lines of irrigation, no new ones having been opened till nearly the
end of the year, and then, not in time to afford much aid to the
country. This branch as also that of Cawnpore compare very disad-
vantageously with the remainder of the Canal, as owing to the un-
finished state of their rajbuhas, they are unable to utilize the supply
to which they are entitled, though at the same time, they require
therr full supply in order to obtain the necessary level of water sur-
face to admit of free irrigation; the consequence is that the water is
necessarily thrown away at points where the Canal contracts in width,
and escape channels are situate; this state of things however it is
hoped will shortly be remedied, as every endeavour is being made to
complete the rajbuha channels, many of them being actually in course
of construction, and others, under survey and examination.

The length of this divigion is 170 miles, in addition to that of com-
pleted rajbubas of 311 miles. Excavation at the tail of this branch
has been in progress during the year, but the terminal masonry works
have not yet been commenced.
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Boolundehukur Branch.—The construction of this line, of which the
first 6 miles were excavated beforo the Ganges Canal was opened, was
sanctioned by the Government N. W. Provinces, early in the year
1861, and formed one of the works specially undertaken during the
recent famine, for the relief of the starving population of the Provin-
ces.

After a brief but careful survey of the country lying beyond the
already completed portion of the branch, employment was given du-
ring the month of March, 1861, to the famine stricken people, who
were sent from the neighbouring districts in great numbers, by put-
ting them on the prolongation of the original work. Those who were
too weak to excavate, were employed on light work, as repairing
banks, clearing jungle, &c. ; but after a time, these weakly gangs dimin-
ished rapidly. The nature of the soil, however, in which the several
parties worked was such, that the rates, which were occasionally high,
were affected far more by it, than by the physical condition of the
people, which was generally good and certamly improved with the
progress of the work.

EAsTERN JUMNA CANAL.

The total revenue for the year (given in detail below) amounted to
Rupees 2,50,631'65, and the total cost of maintenance for the same
period to Rupees 1,03,889-41, leaving a balance of income for the year
of Rupees 1,47,142:24.

An average of areas of the several kinds of crops irrigated taken from
the returns of the past four years may be interesting,

Avi
Nature of Crops. a:rrge, Per Centage.

Sugar-cane, .. . . . . . 26,341-90 12:05
Rice, . . ‘ee . . . 88,182-79 17-45
Indian Corn, . . . . .o 8,295°29 880
‘Wheat and Oats, . ve . . 97,915-98 4482
Tnferior Grains, . .o .o . . 88,971:36 1564
Cotton, .. e e e e 5,750-31 2:63
Indigo, e e e ee e 508'57 023
Orchards and Gardens, .. . . . 4,218°16 198
Grasses, .o . .o .o - .o 85648 0-39
Insufficiently Trrigated, e ee e 2,542-68 116

Totals, .. . . . 2,18,53347 10000
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Feeling the desirability of obtaining reliable data for estimating
areas irrigable per cubic foot, per second, in each Fussil, Major Brown-
low has given the mean discharge of Canal, and areas irrigated in each
Fussil, and during the whole year for the last four years, and from the
averages obtained, he thinks we are fully justified in assuming 70 acres
as the area irrigable during the kAureef, 130 acres during the rubbee,
and 200 acres during the whole year, per cubic foot, per second. The
mean discharges have been most carefully calculated, and the slight
discrepancies observable in the final results arise from the utter impos-
sibility of exactly separating the periods of khureef and rubbee irriga-
tion.

Khurreef. Rubbee. Whole year.

Mean discharge of Canal, .. . 1,212:50 938-50 1,061-25
Areas irrigated, .. .. .. 86,18046 | 1,32,85301 | 2,18,588-47
Acres irrigated, .. .o . 7105 14004 20598

Major Brownlow says—‘ A comparison of results obtained from the
data given above with those furnished by Colonel Rundall, Madras
‘Engineers, in a late letter to Government, will show that the Irriga-
tion Works of the North Western Provinces will bear a comparison
with those of Madras. The total cost of construction of this Canal up
to commencement of current year, amounted in round numbers to
Rs. 14,13,600. The maximum area hitherto irrigated is 2,60,000
acres. The average area of the past four yearsis 2,18,633 acres; the
average water-rate for the same period being Rs. 2,27,885. The
average annual cost of establishment is Ra. 52,000 ; of repairs 44,000.
Total, 96,000. From these we deduce the cost of comstruction as
Rs. 54 per acre of maximum, and Rs. 65 per acre of average area
irrigated during the past four years, while the maintenance and estab-
lishment amount, to 7 annas per acre of average area. The Madras
rates, given by Colonel Rundall, are, respectively, Rs. 6 and 88 per
acre as cost of construction, and 6-6 annas per acre as cost of mainten-
ance. Colonel Rundall gives the Madras cost of maintenance, repairs,
and establishment as 7 per cent. on first cost of construction, ours
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amounts to 6'8 per cent. The Madras per centage of maintenance on
water-rate is 14, (2,560,000, on a total water-rate of 18,00,000,) ours is
42 ; but it must be remembered that the Madras water-rate per acre is
just treble ours (being Rs. 8, while our average is only 104 per acre);
and that reduced to our standard of charge, their per centage of main-
tenance on water-rate would be just equal to ours. Colonel Rundall
appears to think that no fair comparison can be instituted between the
Irrigation Works of the North Western Provinces and of the Madras
Deltas, as the latter not only afford irrigation, but combine therewith a
system of river embankments for protection from floods, drainage
channels, and navigation Canals. But if these works were absolutely
necessary and primarily intended for the completion of the irrigation
system, the fact of their sub-serving other purposes does not invalidate
the comparison between them and our own, as far as irrigation results
are alone concerned ; although, of course, it adds largely to the indirect
value of the Madras Works.”

The floods during the past rainy season have been unusually heavy
The Khara and Fyzabad Heads have been blocked up more than usual
with shingle and boulders; at the latter not a trace remains of a large
and deep channel, through which the main supply of Canal was drawn.
The Khara Head fared somewhat better, and by the aid of spurs
afforded the full supply required. The rapid in the main Jumna, just
below the mouth of the Khara head thannel, has retrograded consi-
derably, and the crest of it will in a few years pass the head, rendering
a deepening of its channel necessary.

The Fysabad dam flooring has been much scored and cut up, but on
the whole the work has escaped very well. A couple of gates and
some planks were washed away by the floods, and the apparatus was
somewhat injured.

The Nyashuhur weir suffered most severely, having been cut through
at short intervals along the whole of its length, and the brick-on-edge
facing has been torn off by the boulders and trunks of trees that
scraped over it during the rains, The section of this weir is very
slight considering the heavy and constant floods to which it is exposed,
and at some future date it should certainly be strengthened. The
apparatus of sluices and regulators suffered considerable injury, and
the spur separating the Bhoodee Jumna from the sluice channel, was
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entirely carried away during the tremendous floods that came down
between the 18th and 20th July, and 8th and 10th of August. The
first topped the roadway of the sluices, carrying away the railings fixed
along the sides of it, and measured seven feet in depth on the weir sill.
The second buried all the masonry works at the place, except the
Regulating bridge, under water, for some hours, smashed one of the
gates, and was within a very little of forcing its way into the Canal.
To prevent the recurrence of such a catastrophe, an estimate for a new
regulating bridge was submitted and sanctioned by Government, and
the foundations and floorings laid by the end of April, 1862.

Major Brownlow thus ezplains how the money goes on repairs of
torrent works; in three months, he had on nine several occasions,
really heavy and dangerous ftoods raging simultaneously over every
dam and weir in the Northern division, none of them discharging less
than 10,000 cubic feet per second, and many of the Jumna floods
ranging up to treble and quadruple that volume. 1n the above state-
ment no account is taken of ordinary light floods with discharges of
4,000 and 5,000 cubic feet per second, which quantity of water passes
pretty steadily over the Nyashuhur weir during the entire rainy season.

The expenditure incurred in restoring the head works of the Eastern
Jumna Canal, enumerated in the foregoing paragraph, and keeping the
other masonry works together with the Canal banks and roadway in
an efficient state of repair, amounted during the year to no less than
Rs. 44,122-6-10.

Lastly, operations have been carried on in the Sultanpore swamp.
Drainage cuts were steadily pushed on through the heart of the old
swamp for an aggregate length of six and a-half miles, while lateral
outs were excavated from the main channel tapping the worst parts of
it, and leaving but a very small portion unculturable.

These drainage operations I am happy to say have been eminently
successful. At the close of the last rainy season, luxuriant rice was
growing in places where four feet of water used to stand all the year
round, and land that formerly would not even produce rice was being
broken up for wheat.

The financial state of this Canal is fast approaching to a most satis-
factory one. At the close of last year the balance of the charges over
the income amounted to Rs 1,28,740.6-1, and this sum has been re-




287

duced during the present year to 52,278-4-4, the expenditure being
for the current year 1,08,889.6-7 including all charges; against a re-
venue of 2,50,531-11-1, shewing a rate of profit for the year upon the
capital, viz., of 14,20,720 of 10-3 per cent. Next year it is hoped
that the balance of charges over the income will be very small, and
that at the close of the following year the balance of the income will
exceed that of the charges, s. e., the Canal will have paid up the whole
cost of maintenance and repairs, plus five per cent. interest on the
capital into the Government Treasury, and leave a balance in hand at
the credit of Government.

Doox Canavrs.

The peculiar circumstances attending the Doon Canals, inasmuch
a3 they are meant to supply water not only for irrigation but for drink.
ing purposes, when it could not be obtained by any other means,
have been dwelt on before, and Mr. Forrest remarks thus on their
peculiarity of construction—* There are also peculiarities in their
construction which it may be needful to point out as buaring on their
heavy original cost and heavy charges for repairs afterwards, and the
fluctuations in the revenue from them. With a small section and
carrying but a small quantity of water, they have heavy and dangerous
works on them, arising from the nature of the country in which they
are constructed. They have to wind round hill sides, pass over wide
and deep ravines, aud cross rapid mountain torrents. The Beejapoor
water-course runs for a long distance along the face of a perpendicular
cliff, the channel being partially let into the living rock. The Kutta
Putthur Canal is exposed for half a mile to the direct attacks. of the
Jumna river, immediately on its rush forth from the Himalayas, hay
then to cross a dangerous hill drainage line ; its masonry channel runs
for three miles along the edge of an almost perpendicular bank, ex-
posed in many parts to the attacks of water below, and it crosses deep
and wide ravines, by means of three arches of 50 feet span each, two
of 80 feet span, and long embankments. Towards its tail it has an
embanked channel, in some places 20 feet high, more than 1,000 feet
in length, in which are four aqueducts, one of which has two openings
of 50 feet span each. The Kallunga Canal has on a very short space of
its length three aqueducta of 30 feet span each, and one of 50 feet span.

2 q
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The water crossing the latter, runs 80 feet above the bed of the stream
below.” Colonel Morton, in his Report for 1858-59, described these
works as “of gigantic size, compared with the capacity of the channel.
The masonry channel of the Jakhun Canal winds four miles round a
hill side, and in many places seems to hang in the air 500 feet above
the bed of the river below. All these works are subject to the attacks
of the mountain torrents running down slopes of 8 feet or 4 feet per
100 feet, and swollen by showers of rain, which throw down 5 or 6
inches in as many hours. By all the points of attack being gradually
discovered and gusrded against, and works of bad construction being
removed, the works are in time rendered perfectly safe, though cons-
tant vigilance and instant repairs are always necessary. There has
not been a day's interruption in the supply of the Beejapoor Canal for
the past five years. And in time, all the Canals will come to that,
but in the meanwhile they have to bear heavy expenses and the Re-
venue meets with unexpected checks.” -

THE FOLLOWING IS THE ABSTRACT OF INCOME AND EXPENDITURE FOR THE

YEAR,
| Expenditure, Income. Profit. Loss.
[ Beejapoor,.. .. ..| 8846 1 9 7056 5 1| 8210 8 4
Rajpoor, .. .. ..| 5107 010 67121511 | 1,605 15 1 .
[Kutta Putthur, ..|] 8389 8 8| 1508 8 & .o 6888 5 8
[Kallorga, .. .. ..| 5200 7 7 788 12 8 . 4,461 11 ¢
Total, ..[22,643 210 [16,011 4 8| 4816 2 511,848 0 7
Net Loss, .. . o . 6581 14 2

- Two water-courses are therefore unproductive, and their unproduc-
tiveness eats up the productiveness of the others. But the Kallunga
Canal is only just beginning to irrigate, and the Kutta Putthur Canal,
after a long period of unproductiveness, is rapidly and steadily in.
creasing its revenue, doubling it each year, for some three or four
years back, so that there is every reason to hope that it will not be
long ere this excess of expenditure over income will be caught up,
and the balance be in favor of the latter. As both the Kutta Puttbhur
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Oanal and the Kallunga Canal, discharge more water than the Beeja-
poor Canal, the revenue from them ought at least to equal that from
the latter, and that being the case the total revenue would amount to
nearly 80,000 rupees, and the balance of income over expenditure be a
large one. The above then, the works constructed being taken as
stock in hand, equal to the capital sunk, is the charge of the Doon
Canals to the Government. The indirect advantages of these Canals
to the people and to the Government have been sufficiently dwelt on
before.

Mcr. Forrest notices a striking instance of the indirect advantage to
the Government from these works of irrigation on the Jakhun Canal;
he says, “ the masonry channels having now reached to the edge of the
forest lands, numerous applications have been sent in for the purchase
of the latter. Looking at the map of these lands, it will be observed
how often is marked,  site of village,” such site being only now distin-
guished by a group of mangoe trees and grass grown tanks. The
former settlers could not provide drinking water for themselves, or
their cattle, and gave up the ineffectual struggle to redeem the
wilderness.”

In my Report for last year, I mentioned the large increase that
had taken place in the irrigation and revenue owing to the failure
of rain during the famine year. The return for the rubbee of 1860-61
was nearly 2} times more on the Beejapore Canal, twice as much
on the Rajpore Canal, and 4} times as much on the Kutta Put-
thur Canal, as in the corresponding season of 1859-60. It is interes-
ting to remark that though the famine year has passed away, the
revenue it called forth has not fallen back. It ever seems to be the
case on these occasions, that the people being forced into taking water
by the pressure of the season, find its benefits and continue to take it.
The following table shews at once that a permanent impetus was given
in 1860-61 to the Canal revenue.

1859-60, . . .o . Rs. 12,808 0 8
1860-61, . oo . o » 14,928 4 7
1861-62, .. . . . » 16011 4 8

The above facts point to the increasing prosperity of the Doon Set-
tlement.
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ROHILKUND CANALS.

The irrigation works in Rohilkund, under the direct control of this
Department, are confined to four rivers, viz., the Kylas, East Bygool,
Kitcha and Dhora, and Paha, from which the Rohilkund canals or wa-
ter-courses derive their names.

Kylas Canal,—This canal is only in course of construction, and is
not yet available for irrigation; its head is situated near the village
of Byranee, about six miles above the junction of the Deoha with the
Kylas, where a masonry dam having 15 openings of 9 feet each, has
been constructed across the latter river; this dam is built on the or-
dinary plan, having piers eight feet in height, the openings between
them being fitted with gates and planks; the foundations have been
sunk to a depth of 18 feet, and its flooring is on a level with the river’s
bed. On the right flank the canal is taken off by a masonry head of
two openings 8 feet each, the floor being raised 2 feet ahove that of the
dam.

The Kylas canal has a bottom width of 15 feet, and is calculated to
carry 150 cubic feet per second ; it is nine miles in length, along the
whole course of which excavation has been commenced and about one
half completed. For the first seven miles the digging is very deep,
varying from 12 to 20 feet in depth, and as the spring level of water
is found at an average depth of 6 feet, considerable difficulty exists in
carrying on the work.

At the village of Dhoondree, the main line divides into two, called
the east and west branches; the former will be 15 miles in length, of
of which 11 have been excavated, with a bottom width of 8 feet; it
runs along the watershed between the Upserria Nuddee and the Deo-
ha, and is intended to irrigate the tract lying between these streams.
The west branch is to be of the same width as the east, but reduced
to 10 miles in length, and of this about 1 mile only has been excavas-
ted; it will cross the Upserria Nuddee, close to the village of Dhoon-
dree by a masonry aqueduct, and run along the watershed between
that steam and the Pungheelee Nuddee.

East Bygool Canal.—The construction of the east and west Gerem
Branches, and the prolongation of those iesuing from the Oogunpoor
Partiteur, from the only new works on the East Bygool, and these
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were undertaken to afford employment to the starving poor.in Rohil-
kund.

The Gerem Branches are taken off from either flank of the Geerem
dam, and have each a bottom width of 10 feet at their heads, gradually
decreasing to 6 feet, with a discharge of 40 cubic feet per second. The
east branch will be 81 miles in length, of which about three-fourths
are out of hand, and the west 10 miles, which are quite complete. The
upper 5 miles of the west, and about 1} mile of the east branches,
have however only been in operation during the past rubbee season.

The total area irrigated was 5,61,160 local Beeghas, or 1,40,290
standard Beegahs «= 137 square miles. The total water.-rate charged
upon the above was Rupees 83,032-8-0, giving an average charge of 3
annas and nine pies per standard Beegah.

The income for the year 1861-62, was as follows:—

‘Water-rent, ... Bs. 83032 8 o
Sale of produce, sundry collections, &c., ,, 2,600 14 9

—

Total Rupees, ... , 85538 6 9 °
The working expenses amounted to Rupees 25,488-5-2, shewing a
balance in favor of the income of Rupees 10,045-1-7, and giving a rate
of profit for the year upon entire capital of 47 per cent.
[ 4 notice of the Agra Irrigation Works will appear in a future num-
ber.]

Note BY EDITOR.

SREING that much uneasiness has been lately felt as to the state and prospects of the
Ganges Canal, and that many have been even in a hurry to pronounce it a “ failure,”
the data of the above report (the last one issued), cannot but be considered as very
satisfactory. The returns for the past year, which are now being made up, are, I un-
derstand, still more favorable, shewing a retarn from water-rent of nearly 10 lakhs of
rupees on this one Canal.

The fact is, (paradoxical as it may appear,) that it is the complete succese of the
work which has been the great difficulty of the Irrigation Officers. So rapidly and
completely has the Canal become bound up with the agricultural prosperity of the
Doab, that a few weeks’ closure for the purpose of executing repairs, causes a lond
outcry, and a serious loss both to Government and the people. Like most other
great works, defects have been discovered in the original construction, which did not
shew themselves at first when they could have easily been remedied, and the state of



somo of the masonry works below Roorkee has become dangerous, not from ervor of
design but from fanlty construction. If the Canal could be closed for six monthe
this could be easily remedied, but as that is to be avoided if possible, the work of
repair has to be done bit by bit as it best can, and under circumstances which natarally
canse much anxiety to all concerned.

It is difficult to avoid some reference to the controversy which, has now to s great
extent, at least been made public, between Sir Arthur Cotton and Sir Proby Cautley,
on the defects alleged by the former to exist in the original design of the Canal ; while
the great weight justly attached to any opinion of General Cotton’s on sach a subject,
and the difficulty of understanding the points at issue without mape and plans and
elaborate explanations, makes it impossible to do full justice to either side of the ar-
gument in a short note. In a future number the whole controversy may perhape be
placed before the reader. It may suffice here to offer a few remarks on the two main
points at issne :—1, The exceesive slope of the bed. 2, The position of the head of
the Canal.

As regards the 1st, it is called a minor objection by Sir Arthur Cotton, but is ad-
mitted by Sir Proby Cautley himself, to be the one great mistake he made. That the
slope is too great for such a depth of water, and in such a 80il, no engineer will now
deny, but as the reduaction of it would have necessitated double the present number of
falls and locks, it wonld have amounted to a practical stoppage to Navigation, which

General Cotton evidently considers to be as important as Irrigation.

As to the 2nd point, it is allowed on all sides, that no choice remained between that
of the present site for the head, and that of & weir or series of weirs across the sandy
bed of the Ganges lower down. That no objection exists on the part of the Canal
Engineers to the employment of weirs, will appear from the fact that a project for
masonry weir across the Ganges at the present head (Hurdwar), was sent up more
than two years ago, and is still before Government. But the bed of the river there
is shingle, not sand, and weirs acroes sandy beds have no doubt been strongly objected
to by engineers in Upper India, as works which however well adapted to a Delta
are inapplicable to & Doab. A Delta is a tract of low alluvial country below the
bifurcation of a river, whose bed is raised above the level of the surrounding ground
from the deposits of silt thrown down. A dam of very amall height across such a
river, with cuttings through the lip of the channel on both sides, will evidently give
great facilities for irrigation.

A Dosb is a tract of high table land (the Bangur,) between two rivers, which ron
in narrow beds (the Khadir,) considerably depressed below the high land, from which
indeed they are generally separated by a steep bank from 80 to 150 feet high. A
weir across such & river must extend across the whole valley from 8 to 8 miles
wide, and must either be of such a height as to flood the whole country above, and
be altogether impracticable in construction ; or, if of a moderate height, the water
can only reach the high land by long and deep cuttings, through a sandy subsoil and
below the level of the springs, along the whole course of which surface irrigation
would be impossible.

One other point may be noticed ; tberounosysmnofuﬁgaﬁonexhntmlndu,m
far as I am aware, whether the Canal systems of the N. W. Provinces and the Punjab ;
the Anicut system of Madras; or, the Tank system of Central India, which is not
simply an improvement on the old native system in use almost from time immemorial.




Doubtless, the improvement has been great, but the leading idea had been first seised
apon by our mative predecessors. If this be so, and as there are no remains of weirs
across any of these rivers, it is, I think, strong presumptive evidence against their
applicability to this part of the country. It is easy to say that the experiment should
be made, but the experiment would prove nothing unless carried out on a grand scale,
and at a vast expense, and if unsuccessful, the experimenter would be placed in & very
tnenviable positicn.—J. G. M.




No. XXX.

IRON SUSPENSION BRIDGE OVER THE BEOSI
RIVER, NEAR SAUGUR.

(Reprinted from the Journal of the Asiatic Society for 1883,

‘We take peculiar pleasure in bringing to the notice cf our readers
the completion of this work of art, because it has been constructed
entirely out of the resources of the country, and being the first attempt
at such an adaptation of native material and native workmanship, more
than ordinary credit is due to the skilful Engineer who planned and
executed it ; and who, moreover, from his long residence in Indisa, could
have acquired only a theoretical acquaintance with the system of sus-
pension bridges introduced within these few years, and now so rapidly
spreading in Europe.

The bridge was erected at the suggestion of T. 'H. Maddock, Esq.,
agent to the Governor General in the Sigar and Nerbuda territories,
upon the plans and under the sole superintendence of Major Duncan
Presgrave, mint and assay-master at Sagar.’

Engineers in Europe, accustomed to find éeverything provided to
. their wants, can have little idea of the personal labor which devolves
upon their brethren of the craft in this country, where to the duties of
architect and draughtsman are not only added those of builder and over-
seer, but the whole of the subordinate trades cf the brick-maker, mason,
carpenter, and iron-manufacturer; in a climate too where a trifling
exertion produces exhaustion ; and incautious exposure, fever or death ;
and where the tools must be made and the hands that employ them
instructed ab inétio. We will not say that the native mistrees and
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laborers are not capable of learning or of working well, especially
in Upper Hindustan ; the bridge before us is a sufficient refutation of
that common and indolent remark: but all will agree that a peculiar
talent is requisite to manage, instruct, and drill them$ and this faculty
is possessed by Major Presgrave in an extraordinary degree. The-
secret of his influence may be easily traced—he is a workman him-
self: he wields the hammer; makes and works the lathe; surveys
the ground; searches the mines; smelts the ore; and has all the skill
of contriving with the simplest means,* for which the people of this
country are themselves so conspicuous.

The Ségar bridge may indeed be called an experiment to try the
resources of the country—to see whether the iron could be manu-
factured into bars of a quality fit for bridges;—and whether these
bridges could be made by native workmen who had never wrought or
even seen iron of the dimensions required. The question has been
satisfactorily answered; and even in point of economy, notwithstand-
ing the numberless extra expenses incident to a first undertaking, and
the distance, eleven miles, of the work from the yard at Sagar, the
bridge has’been pronounced cheaper than those in Calcutta made with
English materials; while of its design and execution no higher en-
comium can be given than the assurance of the visiting Engineer
Major Irvine, that he had seen nothing superior to it in Europe. The
Governor Greneral is stated to have expressed equal satisfaction after
inspection, and only to have regretted that so noble a bridge should be
wasted upon so remote a locality ! .

‘We have with permission taken a reduced copy of the elevation and
plan, lithographed by M. Tassin, to acompany & private Memoir of the
Beosi bridge. The latter authentic source supplies us with the follow-
ing particulars of the works.

The foundation was laid in April, 1828, and the roadway opened to
the public in June, 1830.

The iron of which it is composed is entirely the produce of the Ségar
district. 'When the bridge was projected, it was still in the state of ore
in the mines, whence it was extracted, smelted, and made into irregular
small lumps, in the common native fashion. The working of these

* As an illustration of this remark, we refer to the description of the rollers on which the chains

rest,
2R
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crude impure masses into good bars of the requisite dimensions was a
matter of very great labour and difficulty.

The bridge is 200 feet in span between the points of suspension.

The piers, resting on the solid rock, 6 feet under the low level of
the river, are 42 feet high to the roadway; being elevated two feet
above the ordinary surface of the country ; they have a base of 32 feet
by 22}, decreasing upwards in front one in five, and on the sides one in
eight feet, which gives on the road a superficies of 21 by 14 feet for
each pier. On the sides are wing walls or abutments, running back
into the bank 26 feet.

The pillars, or rather arches, of suspension, have a base of 21 by 12
feet, admitting a roadway of 9 feet broad. The arches are 15 feet high,
and are faced with accurately wrought stone. The points of suspension
aro elevated 22 feet 4} inches from the road; the pillars have a total
height of 88 feet, and tbe whole ‘masonry from the rock, 68 feet. The
piers and abutments contain 82,488 cubic feet of masonry; the arched
standards and bridge parapets, 8,900 ; in all 91,388 cubic feet.

The platform measures 200 feet in length by 12 feet broad, and is
calculated to weigh, with the chains, 523 tons. Supposing the bridge
crowded with men, at' 69lbs. per superficial foot all over the platform,
the whole weight would be 120 tons, whence it is calculated that the
tension to be sustained at each point of suspension would be 85'682
tons.

The suspending chains are 12 in number, arranged in pairs, three
pairs on either side, 2 feet above one another. They pass over rollers
one foot in diameter, and are securely moored in masonry 16 feet be-
low the surface of the road. The back chains are 101 feet long, rising
at an angle of 27 degrees. The angle of the catenarian at the roller
i8 16° with the horizon, the versed sine at the centre of the curve is 14
feet 8 inches.

The 12 main chains are of round bar iron, 1} inch diameter, bolted
together in pairs. They are from 15 to 15'5 feet long, and so arranged
that the vertical rods may fall from the joints of each chain alternately
in parallel lines 5 feet apart. The descending chains are square bars
measuring 14 inch on the side ; their lower ends pass through 24 coni-
cally wrought stones, below which they are capped and keyed. (Figs.
1and 2))
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The connecting links of the chains, and indeed all the bolt holes in
the bars, and the drops, are bored out of the solid iron, and broached
to fit the bolts accurately. (Figs.5,6.) None were punched at the
forge. The bolts are 1} inch in diameter, and are secured by rings, or
washers and keys. Two adjusting links with iron wedges are fitted to
each chain, close to the masonry landward, to regulate its curve and

dip. (Figs.7and9.)

The method of constructing the rollers is thus described in the
memoir :—

“The iron rollers 12 in number weigh about one cwt. each. They are not solid,
but are composed each of about 28 separate pieces of wrought iron, viz., & centre tube
or box for the axle over which thick rings are driven ; and an exterior drum between
which and the inner ringed tube, flattened bars, as spokes, are driven. The centres
were broached out clean and true, and cylindrical axles 8:1 inch in diameter were
turned to fit ; the ends of these axles rest on broad thick iron bearings mounted on
very strong and solid frames of timber well bolted, clamped, and blocked together,
covered with pitch cement and secured in the masonry of the pillars.” (Figs, 7, 8.)

The platform was made in a different mode from those of our Cal-
cutta bridges, as will be understood by the following explanation:—

“From the short links set between the centre plates of the shackles, (of the main
chains) are snspended alternately from each tier, 74 vertical round rods l-inch in
diameter, connected to a short link (Fig. 6) by a 1-inch round bolt passing through
it and the socket at the upper end of the bar ; at their lower ends the rods have eyes,
through which doubled loops of iron pass (8, 4) for sustaining the flat bars or girders,
set on their edges and proceeding from one end to the other on both sides of the
bridge.

“The fiat bars, four inches broad by § inch thick and in lengths of 15 feet,
are joined together at their ends by nicely turned bolts passing through bored holes
2 inches in diameter ; they are adjusted in their height by double wedges, resting
on holders that connect the sides of the loops together. The girders are also adjust-
able in their lengths, the bars that enter the masonry have their ends made broader
than the rest of the bars, in which are long openings 2 inches broad to receive wedges,
(Figs. 10, 11.)

“ Eight timbers in an upright position are set in the masonry of the pillars, having
upright grooves or spaces cut through them, and faced with thick plates of iron ;
through two of these beams each end bar passes, and may be wedged on either side
of the timber towards the land as occasion may require ; thus is the whole length of
girder drawn more or less to either end of the bridge, and also rendered exceedingly
tight and steady. The grooves in the timbers towards the river, being about four
inches longer than the breadth of the bars, permit them to adapt themselves to their
proper directions when drawn lengthwise by the wedges acting against the landward
beams ; by these means the bars have sufficient play to adapt themselves to the motion
of the platform, and all jerks at the pillars are obviated.
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“ Thirty-seven double joists 12 feet long are (having their ends notched below
for the purpose) laid on the girders: their centres § feet apart correspond exactly
with the vertical rods that pass through them; the joists are composed each of two
cheeks a foot in depth and 8 inches thick, separated at intervals by four blocks of
wood of the same height and thickness; all firmly put together with bolts, screws, and
nuts: two cleats are nailed to each end of the joists on their under sides, whose ends
fit flat against the girder and keep all steady.

“Planks 16 feet in length running longitudinally, each plank stretching over
three spaces, and regularly disposed as to their joints, are spiked down on the joists;
in a direction across these and upon them other planks are spiked down, their lengths
being the same as the breadth of the platform. The planks are all imbedded in a
composition of resin boiled in linseed oil, which in laying on is mixed with ashes.
The lower planks are 8 and the upper ones 2} inches thick: they are only 6 inches
broad to prevent warping, and have two strong square-headed spikes passing through
them near their edges, at every crossing of the upper over the lower planks; their
points are clinched below the platform, to accomplish which 16,370 spikes, weigh-
ing a ton and a half, were used ; thus the platform has been renderod extremely
strong and firm.

“The better to secure the sides of the platform and the ends of the timbers from
the weather, a cornice or moulding of wood is nailed along thé outside.

“The hand-rail is trussed, and consists of iron pillars or stanchions; diagonal
braces of iron ; and a stout wooden rail running from end to end of the platform;
the whole put together with screws and nuts, and adjusting screws for setting up or
tightening the diagonal braces whenever required. (Fig. 10.)

“The rise in the platform is (as before stated, 9 inches, but the curve of the
hand-rail is only 8 inches, to effect which the stanchions that support the rail are
of varying lengths. The rail being 4 feet 6 inches above the platform at its con-
nection with the masonry, but only 4 feet in the centre of the bri

The following are the weights of the chains, rods, and materials of
the platform :—

2
| Tows. | Tomer | Tome
6 double main chains, Jomta and bolts, . 85
74 vertical rods, with joints, bolts, &c., e 1-385
Flat bars and holl:s, . e e e 1726
%10 l(].ouble joists, blocks, ecdleats, &c. m & 6190
ts, nuts, screws, stanchion phtes, nnga, e.
ﬁoi"nhnhngmllﬂ bic feet, sl wood, . . | o 27-000
cubic fee v e e
Iron spikes, 16,370, for planking, e e e . 1-467
Iron railin tmssed, screws, nauts, &c., . e e e 1-814
Wood for the hand-rail, 52 cubic feet, . . . . 1479
878 feet of cornice to the platform, e ¢« o |—— | 1581
— | 14775 | 86:200 | 50-976
ition of resin and oil, e e e e e e 1-748
'1‘ weight hung between the pillars, e e 52720
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THE FINANCE OF ENGINEERING.

Br the Finance of Engineering is simply meant that branch of the
science which relates to the Cost and Returns of Public Works.
If not so interesting as the strictly professional view of the subject
it is quite a# imporlant, though unfortupately Engineers are apt to
look upon it as something' beneath their notice, or at least quite
apart from their proper avocations. Hence have arisen insufficient
estimates—ill-considered schemes—unremunerative works—Rail-
ways paying two per cent—and Engineering triumphs like the
Thames Tunnel or * the Great. Eastern.”

It is indeed curious how little attention has been paid to this
subject. Lardner’s book on Railway Economy was the first scien:
tifie investigation of the question of Transit financially considered,
and Sir A. Cotton’s pamphlet on Indian Public Works, though
put forth to advocate the writer’s own special ideas, was the first
systematio attempt to show the true bearing of Public Works on
the general prosperity of the State, and startled the public like the
announcement of some new discovery in Science.

It may, therefore, be worth our while to bestow a little attention
on the subject, if only to show what data we have and what are
wanting for a proper enquiry into the laws of Engineering Finance,
at least as far as India is concerned.

Like any other question of Finance, the subject resolves itself
into the two branches of Expenditure and Receipts. By a proper
system of accounts we can appertion and classify the expenditure,
but of the receipts in. return for, or as a direct consequence of, that

expenditure, our data are of the very vaguest. Yet it is only from
28
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8 just ides of the proportion between the two that the higher prob-
lems of the question can be solved, such as, what portion of its
Revenue a Government is justified in expending on Public Works,
or whether it may fairly raise Capital to construct them.

As regards the question of Expenditure, the present system in use
in Indis, comprises—1st, The preparation of an Annual Budget, in
which the sums to be expended by the several Local Governments,
under various classified headings, are annually allotted after a due
consideration of actual and probable requirements, and of the total
amount that can be spared to meet them. Works are classed under
the three great headings of Military, Civil Administration, and
Public Improvement—the first two comprehending works required
for Government purposes, such as Military and Civil Buildings, &c
the last those for the good of the community, such as Municipal
Buildings, Roads, Canals, and the like.

fnd. A system of Accounts by which the actual work done, and
its cost are shown, the results being summed up in the Annual Pro-
gress Report, which is a corollary to the Budget, and shews the
performance of the year as compared with the promise. Much difi-
culty has been practically experienced, and many changes made from
time to time in perfocting a system of accounts, which should be
satisfactory to Government without being burdensome to the Engi-
neer. That a man may be a very good Engineer, and yet a very
bad Accountant, is quite certain. Yet it is impossible to divest the
man who spends money, from being answerable for the way in which
it has been spent. But that responsibility may yet exist, without
compelling the disburser to give an account of it himself, which for
a long time was done, until an Engineer found that while one-fourth
of his time went in doing work, the remaining three-fourths were oc-
cupied in writing about it. No system can relieve an Engineer of
being answerable for the cheapness or dearness of his work, but by
giving him an Accountant, who will be responsible, not to him, but
to Government, for the details of expenditure, as A will be for the
return for that expenditure, the Engineer will be relieved of the
moat irksome part of his daty, without being freed from his proper
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responsibility. This system is, I believe now being introduced, and
will no doubt work well.

One much discussed question may just be noticed before quitting
this branch of the subject—the question of Establishments, as bear-
ing an the total cost of a work. That their amount should bear
some proportion to the work done, appears almost an axiom; yet
it is not certain that it is even true. As a forcible way of putting
the case, it has been asked whether (for instance) it is right that it
should cost eigh¢ annas to spend a rupee? But there is another way
of putting it; whether if it only cost /fowr annas you would not
spend ¢{wo rupees? The late Secretary to Government, in dealing
with this question, rightly acknowledged the difficulty of drawing
the line between the two items of Eetablishment and Labor, and it
is indeed difficult to understand how the two can fairly be separated,
or why Establishment is not considered an integral portion of the
total cost of a work., It is true that to set down the cost of any
Establishment as out of proportion to the expenditure incurred, may
induce a reduction of establishment, but it may also prodnce an
increase of expenditure as an equally effectual mode of diminish~
ing the proportion, and looking at the ultimate aspect of the ques-
tion;, the result to be arrived at is the %Zal cost of a work, and not
the cost of its several items, whether labor, materials, or establish-
ment. The effect of the employment of an efficient, and therefore,
an expensive establishment, is, or ought to be, a reduction of other
expenditure, and provided there is a reduction on thg sum total,
the details of that sum ought to he a matber of comparative in-
difference.

Having said thus much on the question of Expenditure, let us
tarn to the other side of the account and enquire into the Receipts,

Public Works may pay in two ways—Ilst, They may pay the
promoters in the shape of & direct return, such as in the case of
Tolls on a Road, Water-rent from & Canal, or Traffic receipts on
s Railway.

Of the above, as regards India, Government has made the Roads,
and, anxious to remove all hindrances to free traffic, has given up
all Tolls, trusting to receive back its money indirectly, in the shape
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of customs’ dues or otherwise through the general prosperity of the
community. Where Roads are made by private individuals, which
may yet come to pass in India, the principle on which tolls should
be levied is sufficiently obvious without farther explanation.

Bailways are yet in their infancy, and Government has but a
part-ownership in them. From the latest returns available, it
appears that the traffic receipts on all open Indian lines, of more
than 100 miles in length, average in round numbers 10,000 rupees
per annum per mile of opened line. If we estimate the working
expenses at 50* per cent. of the groes receipts, we shall not be far
wrong ; and the average estimated cost may be taken at 1,35,000
rupees per mile, shewing a clear return of lees than 4 per cent. per
annum on the capital expended. This is not very encouraging in
& financial point of view, but it must be remembered that the traffic
is still only partially developed, and that until the great lines are
opened throughout, no fair average of results can be struck. After
that time, and eepecially as roads and branch railways are made to
feed the main lines, a considerable extension of traffic may be look-
ed for, but it is after all by the indirect returns that the value of
railways to India must for a long time be judged.

As to the direct returns from Canals and other works of Irriga-
tion, it appears that on the only large canals in Upper India, where
irrigation has as yet been fully developed (the E. and W. Jumna
Canals), the net annual profit is rather more than 10 per cent.
on the total cost. But it is mot probable that this per centage
of profit will be realized by the sew Canals for many years to
come. The strict financial reckoning now exacted by Government,
in which the interest of the capital is reckoned from the com-
mencement of a work, shews that in the case of the Eastern Jumna
Canal, that work has already defrayed the whole cost of its main-
tainance and repairs, p/us 5 per cent. interest on the capital, leaving
a balance in hand at credit of Government. Major Brownlow, the
late Superintendent of this canal, has reckoned the cost of its ocon-
struction at 6:5 Rs. per acre of average area irrigated, and the

® Itis over this at present, I beliove, but will probably be reduced below this per
centage before long.
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maintenance and establishment at 7 annas per acre. Colonel Run-
dall, R.E.,, gives Madras rates as 8:3 Rs. for construction, and
66 annas for maintenance, per acre.

Madras works are, however, believed to be generally more pro-
fitable than in this presidency. In a late minute on Irrigation by
H. E. Sir W. Denison, the annual cos¢ of the water to Government
is reckoned at 1 rupee for 4,200 cubic yards, the supply being
spread over a period of about three months; while the value of this
water is'reckoned at 1 rupee per 1000 cubic yards. Capitalizing
the above cost at 5 per cent., the returns show a profit of more than
20 per cent. on the outlay.

- 2nd, Public Works may pay indirectly.

The returns in this case are more difficult to determine, and the
data are indeed most imperfect, but it will be useful to show what
we have, and what are wanting.

Roads operate indirectly—1st, By diminishing the oost of trans-
port; 2nd, By setting free a large amount of labor, which may be
employed otherwise.

The Post-Master-General, N. W, Provinces, in 1850, calculated .
that the actual haulage of a ton of goods by the Bullock Train cost
Government ose anna per ton per mile on a metalled, and #Aree
annas on an unmetalled, road, exclusive of prime cost and wear and
tear of animals and vehicles.* I have no returns of traffic on any
roads, but if the above calculations be accepted, (and they were made
from very fair data,) and taking the cost of a metalled and bridged
road at an average of 7,500 rupees per mile, the ooet of repairing it
at 300 rupees annually, and interest of money at 5 per cent., it
would appear that on any line on which there is traffic to the amount
of 5,400 tons yearly, it would pay to construct a metalled road.

¢ Sir A, Cotton gives the following as the actual cost of various kinds of transit in
. 1ndis, per ton, per mile:—
Sea mavigation, - - -
- River do, - - .
Completed roads, - - -
Impexfect do. - - -«  2annas or8d.
Unimproved tracks, - - = = Sanmas,or4jd.
He also gives the actaal traflic on tbe am 126 miles of the Great Western Road from
Madras as 100,000 tons yearly.

6 to 8 pie (§d. to 1d.)
4 ple, or §d.
1anns,er 13d.
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As to the increase to the wealth of a district through which a
road runs, or the extent to which Government, as the road-con-
structor, benefits by that wealth, I have no means of ascertaining it,
but I believe such data might be collected in certain districts, and
would be very valuable,

If the cost of carriage is diminished by a metalled road, it is
needless to point out how much more this is the case in respect to &
Railway.* In the back settlements of America this fact alone has
created railways, not as with us as luxuries, but as the first neces-
sities of the settler and the first step towards civilization. Rude
as they are, often consisting of flat iron bars spiked down to rough
logs of timber, laid without ballast on the natural surface of the
ground, they answer their purpose and pay indirectly by giving the
makers facilities of transport for their produce, and by enhancing
the value of their land.

Though the same facilities of construction (in the abundance of
timber) do not exist in India, yet we have a counterbalancing advan-
tage in the comparative cheapness and abundance of labor, and at
least as strong inducements to open up communication between re-
mote districts. We have indeed a turther inducement, which it is
astonishing we have until lately been so slow to recognize—I mean
the facility of transport for Troops, Artillery and Stores, which, to
a Government in our position, is an absolutely incalculable advan-
tage. The strongest Military Government that the world has ever
seen, (the Roman,) were not slow to perceive the importance of this
~their first step on the acquisition of a new country being to drive
& broad Military Road into the heart of it from the nearest Canton-
ment, made by the soldiers themselves.

And this leads me to remark (though it has often been the sub-
joct of remark before), on the feasibility of employing a considerahle
portion of our Army, English and Native, in the construction of
Public Works; pressing it, as I would, as an important step in
Financial Esonomy, towards remedying the two greatest ackmow-
ledged drawbacks to improvement in India—the (necessarily)

® Dr. Lardner gives the actual cost of transit of geods per ton per mile on English
Railways at 1'11d. The rates charged on Indian lines vary from 7 pie (7d.) to b annag

(74d). What the actual cost is I-do not know.
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excessive Military expenditure, and the want of means of internal
communication ; for, 3s the increase of roads would lessen the cost of
Military transport, so the employment of soldiers would increase
the roads. In round numbers we have 70,000 English and 130,000
Native soldiers in India, whereof I would urge that one-half
might be employed for 6 months out of the 12, in other than
Regimental work, not only without any sacrifice of efficiency, but
with a positive increase to it,* as few can doubt that the men
who were well and constantly employed all the year round, off
as well as on, parade, who could use the spade and pickaxe, the saw
and hammer, would be the best men for the real hard work of a
campaign. I am fully aware of the difficulties in the way, of the
requirements of parade and rifle drill, &e., but making every allow-
ance for that, I think that the proportion above estimated (only
one-fourth the strength of the Army annually), might be employ-
ed as suggested. Now, the money value of this unemployed
labor, cannot at the lowest estimate be put down at less than 25
lakhs of rupees, or a quarter of a million sterling, whereof one-half
should go into the pockets of the soldiers as working pay, and the
rest should be clear profit to Government. This half sum repre-
sents 170 miles of first class road annually.

Closely allied to this subject, are the indirect returns which may
be said to arise from good Barracks, and such like expenditure which
is commonly set down as unremunerative. For the valuet of this we
must go to Sanitary statistics, but, as I have hinted above, the
question is so mixed up with other things affecting the health of the

© The great cause of sickness and mortality in the Anglo-Indian Army is—no¢ drun-
kenness (that is an effect only of other causes)—mno¢ bad barracks or unsaitable fhod
~n0¢ exposure to the sun (for the classes of men most exposed to the sun in Indis are
generally the healthiest)—but wamt of oocupation. 1 am aware of the claims of Regi-
mental Workshops on much of this unoccupied time, and if they eould be put en a
proper footing, would be the first to advocate them. If the whols of the aocomtre-
ments, barrack furniture and fittings, &c., could be made by the men, sharing the profits
with Goverament, no one can doubt the advantage to both. ButI hold that any system

of ematowr workshops is simple illusory—it is playing at work. It is well known that
the French Army in Algeria is largely employed as above suggested.

¢ The cest of howsing the Earopean troops in the Punjab Cantonments was certainly
not less than 800 Rs. per man.
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soldier, that it is impossible to say how much saving of life (i. e., of
money) is due to good barracks in lien of bad ones. There are some
of our older stations, however, whoee statistics, if available, would
doubtless throw some light on this head, and allow ws $o estimate
to a very fair approximation, the capital which might be employed
in providing good dwellings, whose interest would be the improve-
ment of health in the dwellers. As a practical question, how-
ever, it may be said to be unneceseary now, Government being fully
alive to the duty, as well as economy, of not sparing money in this
direction, as has been shewn in all the Cantonments lately built.

As to the indirect returns of Works of Irrigation, we have some
statistios which will serve to shew their immense value and impor.
tance. These indirect returns, which can be measured or estimated,
consist in the increased land revenue obtainable by Government from
the districts benefited, either by waste land being brought under
cultivation, or by the difference in value between we? and dry culti-
vation,* as it is technically termed.

From a comparison of data on five first class canals in Upper
India, constructed, in hand, or estimated, it appears that the average
prime coet of a cubic foot of water per second of discharge at the
heads is 4,000 rupees ; that the average annual value of a cubic foot
(including the increase to land reveuue), is 760 rupees; and the
average annual expenditure per cubic foot is 120 rupees. 8o that
the clear return to Government is 630 rupees, or nearly 16 per cent.
annually on the capital invested, besides the general benefit to the

, community.

The returns from Madras Canals are more favorable than this,
being estimated by Col. Baird Smith, in one district, at 20, and in
another at 23 per cent., annually, on the capital invested, and by Sir
A. Cotton, and others, at very much more than this.

There are also other indirect returns which cannot be reduced to
figures, such as the saving in remissions of revenue, which are often

* Sir A. Cotton reckons this difference in the case of rice at 9 Rs. per acre, computed
on the gross value of the crop. Colonel Baird Smith estimated it on the Western
Jumna Canal at 864 Rs. per square mile for land revenue only, making a total profit
(including water-reat) of 36 per cent.
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foreed on Government during years of drought, in districts where
there is no artificial irrigation ;¥ besides, as before’ remarked, the
general prosperity of the community, a prosperity in which Govern-
ment necesearily shares, if only by the increased consumption of tax-
able commodities. .

In the above remarks I have only made a passing allusion to the
general question of the execation of Public Works by Govern-
ment. It is indeed too important a question to be disposed of in an
off-hand manner, yet people often think that as soon as they have
proved Public Works to be remunerative, it follows as a matter of
course that it is the duty of Government to construct them ; and
that if it has not got the money, it ought to borrow it for the
express purpose. Without entering too far into such a large ques-
tion ig may be sufficient here to remark—1st, That though it may
- be the right or interest of the Government to undertake such works,
it does not follow it is part of ite duty, and that Government
has already enongh of its own proper functions to perform; 2nd,
That it is a pretty generally admitted maxim that the construction
of Public Works is much better left to private enterprise, and that
even in the exceptional case of India, the onus of proof at least lies
with those who would contend for a different principle ; 3rd, In an-
swer to those who ask for Public Work Loans on the grouund that
it is unfair to tax the present generation alone for benefits equally
shared by a future one, it may be answered that it is at least
as unfair fo plunge a future generation into debt on account of
speculations, in which they cannot possibly have a voice. Go-
vernment has in effect been compelled to try the experiment and the
result of it, in the Railway Guarantee system, is not encour-
aging nor is it likely to be repeated. ~With the progress of
education the people’s eyes will be opened to working together
for their own benefit; the influx of capital into the country
within the last seven years has been enormous, and it is to be
hoped we may soon see Railways, Roads, and Canals constructed

® The value of the crops produced by the Ganges Canal alone during 1861-63, was
one and a quarter million sterling. The water-rent paid to Goverament was £70,000,

27



308

under the auspices of intelligent and respectable bodiés of native
proprietors. :

Here for the present we must stop. I am quite aware of the im-
perfect manner in which such %n important subject has been treated,
but shall be content if these few remarks may induce others to col-
lect data and compare results, which may be-useful in elucidating the

“laws on which the Finance of Indian Engineering should be based.

J.G. M.
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PUNJAB EXHIBITION BUILDING.

Designed and erected under the Superintendence of Bowin H. Barses,
Esq., District Engincer, Punjab Railway.

Comunncep 5th June, 1868 ; handed over to the Committee 7th December,
1863; opened the 20th January, 1864, by His Honor the Lieutenant
Governor; cost; Rs. 60,000:

The above speedy result of completioh was prihcipally owing to the en-
ergy of Captain Hall, the Deputy Commissioner (Officiating) in procuring
workmen fromi Lahote and the ddjacertt towns of Unmritsur, Ferozepore,
Jullundur, &c., &c., and the liberality of the Punjab Railway Company,
in allowing a portion of an organised establishment to be brought imme-
distely to bedr on the preparation of the catpenters’ and joiners’ work.

Average thiniber of men employed, 1000 per dient.

The style chosen by the Enginecr was that of Belgisn Gothio, oft
socount of its grouping in 4 picturesque manner with the surfounding
buildings, snd being s style that would allow of freedom of treatment.

The building was executed in Lahore bricks; arches, string coursed,
plinths, &c., in English siged bricks. -

Roof tiled; with tiles 1 foot squsre and § inch thick; layed ou § inch
boarding, with tarred cloth between that and the tiles. Valleys, gutters
&c., lined with zine.

Flooring, boarded with 1} inch planks, with epaces of th inch be-
tween, to get rid of the dust.

Tables covered with green cloth. Dhais and Ladies’ seats with red velvet,

snd former with gold fringe dressings.
E. B.



No. XXXI11.
MEMORIAL CHURCH—CAWNPORE.

Designed by WarLteR GrANVILLE, EsQUIRE, C. E., Consulting Areki-
tect to Government of India.

[Competitive designs for the Cawnpore Memorial Church, were called
for in 1861, the estimated cost of the building being limited to 1,20,000
rupees, when Mr. Granville's design was selected. ] ’

DascripPTIvE REMARKS.

Tmig design is founded on the round-arched Lombard and Romsmesque
styles of Architecture, with introductions from the later Italian pointed
style, and is thus in accordance with the suggestion of the Government of
the North-Western Provinces of Indis. It is a stady of the leading ele-
ments which permeated Ecclesiastical Architecture in Italy during ne less
than five centuries, from the reign of Charlemagne, A. D. 768, to that of
Rudolph of Hapsburg, A. D. 1278.

Like other styles of Architecture, the Lombard and Romenesgue etyles
were slowly progressive and transitionary, and it was not till the latter
end of the twelfth cerrtury that they fairly reached their climax : from this
time forward, owing to the continued influx of Germans, they began to
assume greater Transalpie features.

Stone intersecting vaults of a pointed form were introduced so early as
the eleventh century at Piacenza and Novara, and the first pointed pier
arch was introduced about 1219-1222 by an English Architeet, named
Brigwithe, in the Church of 8t. Andres, at Vercelli. Lancet doors and
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windows naturally soon followed. Grey or red bands were ifrtroduced st
the Cathedral of Pisain 1168, and were copied at Sienna in 1243. The
~ rose window is a genuine Germano-Lombard and Romanesque feature,

first seen about the :middle of the eleventh century. The campanile is of
Cisalpine origin, and the rich arcade, with its slender colonnettes is a
general characteristic of the Lombard style.

I have thought fit to draw atfention fo these facts in the history of the
Italian Gothic styles, to show that I have & precedent for each of the
main features of my design; and whilst I have amalgamated in my own
way the characters of the round and pointed styles, I lay claith to have
attempted to do only what the Italians, after a lapse of several centuries,
themselves seemed anxicus to acconplish.

It must, however, be admitted, that they were seldom very successfu}
in grafting the true principles of Gothic pointed Ecclesiastical Architec-
ture on the round-arched styles, probably because they never thoroughly
understood them; or, may be, they did not sufficiently appreeiate the
Architecture of the more Northern' Nations. If ¥ have been at all suc-
cessful, it is because those principles are now more widely diffused than
they ever were in Italy, and they are better understood.

1t is proposed to build the walls of the Church of red pressed bricks,
faced in part oufside with Chunar stone in dark grey bands; inside,
the walls are to be faced solely with stone. The roof is groined in stone
in the gimplest manner. The cornices, arches, and columns are to be also
of Chunar stone. The flooring is also of stone, with a pattern of grey
Chinese marble. It is not intended to have any plastering either exter-
nally or internally, as, after the lapse of a few years, it requires to be con-
stantly repaired, and the tendency of plaster Architecture is constantly to
extravagance in detail and bad taste. Moreover, it is urged that this
Church especially should be a Memorial Church, @re perenmius, and as
such, typical of our enduring supremacy.

The dimensions of the Church are as follows :—

Peel. Inches,
Extreme length inside, ....c.cocccovvieiieiinnnennnes 141 (]
Extreme width inside, ................. eeerasessrnns 5 6
T Height of Church, ........ccceeernvvenicenncersnnenes 46 0
Width of NAVE, ..ccceeererereennrierensnesarsessnsnens 25 6
Depth of Chancel, . 42 0

- The Church is capable of affording sittings for 500 persons on the
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grotnd floor. In the gallery at the west end, over the vestibule, 100
more persons:can be seated: The organ is placed in the gallery of the
south transept, and there is a corresponding gallery in the north transept :
these will seat, if required, 100 more persons—thus giving accommodetion
in all for 700 persotrs,

The method by which the Church is lighted and ventilated and secared
against the intemsity of glare, forms one of the chief objects of the design.
In this bright climate light should be admitted with caution, and there is
this advantage that it produces a shadowy effect or « dint religions light,”
which is highly favorable to Architectural grandewr. The principal light
is obtained from a considerable elevation immediately above the lower pas-
sages or aisles. It is admitted, firstly, through a series of small pointed
arches pierced in the outer walls of an upper areade built over the passages
below; secondly, through a series of similar arehes left in the inner walls
of the Church. This double arrangement for admitiing light will tone
down the rays of the sun and obviate any inconvenient glare, while it
effoctually prevents the rays from falling directly on the people occupying
the seats en the floor of the Church. By leaving all these openings free
from glass, a free current of air is afforded for the ventilation of the
Church, whilst in the extreme hot weather, when the Church should be
closely shut up, lkuskus tatties can be fixed with advantage against the
outer openings, and kept constantly wetted by eoolies during the service,
without at all interfering with the congregation. The necessity of using
large hanging punkahs, so unsightly in Churches; will thus probably be
obviated. The rain whieh beats through the outer arches only, will fall on
the floor of the arcade, and be carried away through the down pipes.
Small openings to act as ventilators have been placed in the passages of
the ground floor, and light is also admitted through the deeply reeessed
windows at the east and west ends; and in the transepts:

The Lombard style of Architecture is peculiarly adapted to the above
arrangements for admitting light and affording ventilation ii the most
efficacious and nataral way that can be devised for a climate like India, on
account of the mtinuous arcade being one of the most pleasing charac-
teristics of the style. Mr. James Fergusson, in his [llustrated Hand-
book of Architecture, when speaking of these Lombard arcades, remarks,
“ There is nothing in the style of which we are now speaking either so
common or 8o beautiful as these galleries. These arcades have all the
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shadow which a cornice gives without its inconvenient projection, and the
little shafts with the elegant capitals and light archivolts have a sparkle
and brilliancy which no cornice ever possessed. Indeed, so beautiful are
they, that we are not surprised to find them so universslly adopted ; and
their discontingance when the pointed style was introduced was one of the
greatest losses sustained by architectural art in those days,”

One word in conclusion before giving the estimates as to the suitability
of the design. It has been already stated that the method of lighting and
ventilation is peculiarly adapted for a hot climate—sgo far the design differs
from any known Church; but whilst I have departed from the usual plan
of Northern Churches in this particular, on account of the elimate, I have
adhered to the orthodox plan of a Church appointed for celebrating the
rites and ceremonies of the United Church of England and Ireland. I
have moreover endeavored to give to the exterior and interior at least an
Oriental stamp, by the introduction of colored bands, which, so far as I
remember, had their origin in the East amongst the Tartar tribes, and
were introduced by them into every country they occnpied,

EsTIMATE.

The prices have been based on the rates of work prevailing at Cawn-
pore, which were furnished to me by the Executive Engineer of the
Cawnpore Division of Public Works, by direction of the Secretary to
Government, N. W. Provinces, P. W. Department,

Full allowance has been made in addition to those rates where there was
more than ordinary labor attached to the work, and 10 per cent. has been
added to the Estimate to cover unforeseen contingencies,

e f. B. A. P.
6,500 Bough dry ballast,at Rs,6per100, . . . . 890 0 O
24,285 Brick-work in foundations, at Rs, 18 per 100, . . 480 8 0

87,250 Ditto above, including extra labor in commection with stone
facing, &c., at Rs, 20-per 100, . 19450 0 O

750 Ditto, moulded in small arches of onﬁdemioe,ltm.
80 per 100, . 225 0 0

19,850 Chuwahhrstonemplnnﬁees,a'thlck,inoludingbeds
and joints, at Rs, 1-8 per foot, . 59,776 0 0
6,220 Ditto in arches, at Rs, 2 per foot, B . 12440 0 O
1,329 Ditto in plain moulding, atBs.Hpetfoot. . . 2990 4 0
Carried forward, . . 9868012 0
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Estimate.—( Continued. )
B. A P.
- Brought forward, . . 98630 12 0

389 Chunar ashlar stone in moulded plinth, at Rs, 2-8 per foot, 972 8 0

1,748 Ditto in columns, at Rs. 8 per foot, . . 5244 0 O

675 Diﬁommmldedhuu,.tkl.chpcfoot, . . 219812 O

1,250 Ditto in large and small carved caps, at Rs. 4-8 per foot, . 5625 0 0

460 Ditto in moulded blocks, at Rs. 3—4 per foot, . . 108 00

s f.

1,320 Khoa floor, at Rs. 18 per 100, . . . . 28719 7

8,800 2]4nch01mwmopnnng,um28paloo . 1084 0 0O

2,000 1l-inch China marble ditto, at Rs. 50 per 100, . . 1,000 0 O

1,476 1-inch Tile gutter, at Rs. 15 per 100, . . . 2 4 0

e 1

741 84l timber in roof, at Rs, 4 per foot, . 294 0 O

885 2}-inch plain Sissoo-wood doors, complete,atRs l-8per

foot, . 517180

45 ll—imhdiwodiuodiwo,ut&.l-spufoot. . . 67 8 0

s f.

9450 Corrugated Iron,at Rs. 45per100, . . . ., 422 8 O

¢ q.
16 8 Milled lead, laid in ridge, at Rs. 28 per cwt., . . #4100

8 1 Wrought iron, at Rs. 28 per cwt., . . . . 91 0 0

s, f,

420 16 ounces sheet glass, at Rs. 0-12 per foot, . . 315 0 0
Communion Table of Sissoo-wood, . . . . 5 0 0
Stone Altar Rail, . . . . . . . 150 0 O
Ditto Reading Desk, . . . . . . 20 0 0
Ditto Pulpit, . . . . . . . 500 0 0
Ditto Font, . . . . . . 400 0 O
Mforooolnnomof Susoo-wood, . . . 8600 0 O

Rupees, . 1,00882 5 7.

Low enclosure wall with gateways, gates, and roads of ap-
proach, e e« e . . . . eu710 5
Total Rapees, . . 1,01000 0 O
Add 10 per cent,, for contingencies, . . . . 10,700 0 O
Grant Total Rupees, . 1,17,700 0 O

CALOUTTA,

August, 1561 W. GRANVILLE.

[Nore.—Subsequent experience showed that the estimate was insufficient and it
was afterwards raised to 1,51,181 Rs. This sum was sanctioned by Government, and
the building is now in progres.—ED.]




No. XXXTII.

LOCAL ATTRACTION.

On the Local Deviation of the Piwmbline from the True Vertical, as

affecting the acewracy of a Trigomomeirical Survey. . B Lieur,
- Hersonxw, R.E., First Assisiont, G. T. 8.

Ir is not easy at this period of our knowledge of the constitution of the
earth’s crust, to do more than speculate on the importance which this sub-
ject may one day attain; but no one who has even a slight acquaintance
only with the way in which gravity manifests itself, as ‘local attraction,’
will hesitate to acknowledge, that even in our present state of ignorance
regarding it, attention will not be drawn to it in vain.

Tt is not intended in this paper to enter into any minute details, so much
as to point out in general terms the way in which local attraction mani-
fests itself, and the difficulties which must always be met with in endea-
vouring to determine its force, and the origin - of that force. I may per-
haps, 00, venture to speculate on the probable results of a more intimste
knowledge of its general laws, or hazard an opinion on the direstion which
any attempt to collect data should take, so as best to discover those laws.

- Before attempting anything of the kind, however, let ‘us understand
exactly what is meant by the term ¢local attraction.’ - Many people who use
the word frequently, without having had the good fortune to come across
a late article in the % Cornhill Magazine,” (to which I shall have occasion

" to refer agsin preeently,) or'on whom a different view of the matter has not
been forced by some equally startling facts, would say, the words referred
to the deflection of the plumb-line, due to the lateral attrackion of some
mountain mase; and that this is the more natural view is not.to be denied,

2u
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for mountains are palpable things, and we natarally expect them to atiract
a plammet more or less, and so deflect it from the perpendicular; and
though a moderate exercise of our reason would lead us to argue that
variable density of subterranean strata would produce the same effect, still
the fact remains that that variable density is little more than an hypo-
thetical one. In short we might reasonably look for deflection in a cer-
tain direction near & mountain, but we should hardly do so in a plain.
Local attraction is in common parlance almoet synonymous with Mountain
attraction. I prefer, however, in the present irstance to be understood to
mean “ a force, due to local constitution or configuration of the materials
forming the earth’s crust, which causes deflection of a plumb-line from the
direction of the normal,” i. e., from the direction which the plumb-line
would have but for looal inequalities of surface or density. (I just now
made use of the expreesion ¢ deflection from the perpendicular.’ According
to ordinary ideas ¢the perpendicular’ is the direction of gravity, i. e., of
the plumb-line when in a state of rest, but no sooner do we come to talk
of ‘local attraction,’ than we are compelled to distinguish between ‘the
perpendicular,’ i. ¢., the direction of the normal, and the direction of
gravity).

Let the roader conceive a plumb line suspended from the ceiling, with
the point of the plummet just grazing the surface of a eheet of paper on
the table before him, on which are drawn lines defining the four cardinal
points, and let him adjust the paper so that the point of the plumamet shall
coimcide with the intersection of the croes lines, and let him conceive this
state of things to represent the abeence of all local attraction. Now let s
magnet be laid on the table any where, (the plummet being of iron); the
Iatter will move and take up a position, differing more or less from its
former one according to the distance and power of the magnet, &c., and
permanent so long as the magnet continues undisturbed. This is an exact
parallel to the state of things when local attraction exists. The only dif-
ferenoe is to be found in the nature of the attraetive force, which is here
magnetic instead of molecular, and in one other very impertant respect,
which constitutes in fact the whole difficulty, and I may add, interest, of the
wabject, vis., that wheress in this experimental illustration, it would be easy
to measure the ameunt and direckion of the disturbance directly and abso-
Jutely, in the case illustrated we can do neither. In other words we should
have a more exact parallel, were & clean sheet of paper swbstituted for
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that on which the eross lines were drawn and were we asked to point out
the spot where the plummet wonld rest were the magnet removed. We
could not do it directly and abeolutely, neither can we, or have we, or shall
we ever be able to aseign the absolute amount and direction of local at.
traction at any place. But we may guess any number of times, and our
gueeses being rightly bisssed, we may spproximate very closely to the
truth. Nsy, more than this, though judicious guessing will help us more
quickly perhaps 0 a conclusion, we may arrive at the same conclusion in
time without sach queetionable help.

Dispensing for a time with theusimmofthemagut,mvetho
plemmet deflocted by the force of local attraction alone. In the absence
of any positive knowledge of the amount and direction, or even of the very
sxistence of wach deflection, let us assume that there is none, and that a
dot on the paper immediately below the point of the plummet represents
the position due to no attrection, at that point of the earth's surface where
the plumb-line has been suspended. Now, let the reader eonceive himself,
kis table, paper and plumb-line, transported to s place, say twenty miles
off; and let him, for the present, take it for granted that it would be pos-
sible 80 to deposit him and his apparatus, that the dot he made at the first
station should be in the exact position which the plummet would indicate
were the local attraction at the two stations identical, (i. ¢., on the assump-
tion that there was none at the first, were there none at the second also),
and that his paper should maintsin the same position with regard to the
north and south points. Being so depoeited, he observes that the plum-
met indicates a different point altogsther, and he is driven to the conclu-
sion _that there is local atiraction at the second station and that its amount
and direction are measurable. Having marked this new point he is trans-
ported to a third, and 80 on, at each new station making & dot to indicate
the position which the plummet occupied. When a large number of
stations have been thus visited, the paper will present & group of dots,
more or less evenly acattered, or clustered acoording to the nature of the
local attraction in the several districts visited.®* Now since each indivi-
dual dot ooeupies a position relatively to No. 1, it follows that each occupies-
a position relatively to any one of them, or to any arbitrarily assigned.
imaginary point among them. Let the centre of gravity of the whole be-

© The veader is a;nioued against confounding this experimenﬁ chart of polnts indicated by the -

plummet, with a chart of the correrponding stations. There Is no connection between them as far
as appearance is concerned.
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such an imaginsry point, then it is clear that this is the point which the
plummet would have indicated at some station where the looal attrac-
tion partook equally of the character of the attraction at all the sta-
tions visited, quite independently of our original assumption of absence
of attraction at No. 1. That sssumption would be justified or mot,
according to the proximity of dot No. 1, to the cemtre of gravity, but
whether true or not matters little now, for we have obtained a mean
direction of the plumb kine, and by reference to it, can sssign a nume-
rical value of the absolute deflection at any one of the stations visited,
(No. 1 included). When I use the word absolute in this place, however,
I am assuming that the mean direction is the ¢rue one, which I am perhaps
hardly justified in doing without some caution. Means never do more
than approximate to the truth, and that only in the absence of any bias,
constant for the whole or great part of the quantities whose mean is taken.
Thus, for instance, were the above experiments confined to a portion of the
surface of the earth in the vicinity of a lofty mountain range, we might
fairly say that the mean direction of the plumb line would very erroneously
represent the ¢rue direction of the normal. To ensure the absence of any
such bias, the stations visited must be very numerous and scattered over
the entire globe, either at random, or acoording to some law guite inde-
pendent of the configuration of the earth’s surface. We might indeed con-
fine the observations to a small portion of the globe, a8 England for instance,
or the Indian peninsula, but it would be on the distinct understanding that
the result would be erroneous by a quantity, small perhaps, but on no
account to be ignored, which would have to be called “ mean English (or
Indian) deflection, amount unknown,” and this is all that we can at pre-
sent hope to do, even if we can do so much.

The reader will remember that he was called upon to take for granted,
that it was possible so to deposit him and his table and paper at two places
that, were there no local attraction at either (or the same at both), the
point of his plommet should indicate the same spot on his paper at both,
50 that his paper should hold the same position with regard to the north
and south points. The object in view in so placing the paper was to show
at a glance the amount and direction of the deflection at the second station,
relatively to that at the first. It is unnecessary to go into detail to show
how this could be done. It will be sufficient to show that the resulta thus
intended to be illustrated, can be obtained. To do this I must first re-
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mark that the position of a point on a spheroid of revolution of known
excentricity, is known, as soon as its latitude and longitude (measured
from some assumed fixed point) are known. Now the latitude of a point
is defined as the angle which the normal makes with the plane of the
equator, a quantity clearly indetermihate except on the assumption that
the direction of the normal itself is known. This definition must there-
fore be modified, and we must acknowledge two lstitudes, a local or ap-
parent, and a true or astronomic latitude, of every place. The difference
is the resolved portion of the deflection, in &’ north and south direction,
arising from local atiraction. Assuming adsence of attraction at A, we
can determine its position on the spheroid, and thence by geodetic
triangulation lay down the position, and determine the guasi astronomic
latitude of B. We can also, by direct observation, determine the local
Iatitude of B, and comparing the two, we have the resolved portion of the
deflection at B, in the direction of the meridian. Again by direct obser-
vation at A, and the help of the intermediate triangulation, we can lay
down the guasi astronomic meridian at B, comparison of which with the-
result of direct observation at B, determines the resolved portion of the
deflection at B, in the direction of the prime vertical.* Combining these
two, the reader will allow that we may obtain the amount and direction
of deflection at B, always on the assumption of no attraction at A, the
truth of which assumption, as I said before, is after all immaterial. -

It will have been noticed that the poesibility or impossibility of doing
as above, depends on our power of trisngulating between all the points
visited. It is, therefore, evident that we are to all intents and purposes
restricted to comparatively small and isolated portions of the earth’s sur-
face. Thus we might, were there no other difficulties in our way, obtain
a mean direction of the plumb-line for England, for France, for Prussia,
for Russis, nay, as things now stand, perhaps for the greater part of Europe
as one portion; for North America as another; for India as a third; and so

© Some explanation is perhaps needed of the reason why deflection in a direction perpendicular
te the meridian is messured by determining the sugular deviation of the local from the true meri-
dian, rather than the actual difforence between local, and true longitude. The fact is that at present
we have no means of determining local Jongitude with any degree of acouracy at all comperable with
that to which we can attain in latitude. But inasmuch as longitude is mersly another word for
« position of meridian’ we come to the same result by ascertaining the latter. This we do by mea-
suring the horisontal deviation of the point, where 8 local (i. ¢, deiscted) vertical circle passing
through the pole mests the horison from the point whers & true vertioal circle would meet it. This
angular devistion is to the resolved portion of the deflection in s direction perpeadicular to the

meridian, as the tangent of the latitude is to unity. Henoce deflection perpendicular to the meridian
(or in longitude) = horisontal deviation of meridian X ootan, latitude,
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on for the chief portians of the earth’s dry surface ; but beyond this we can
not go until these several portions shall have been connected by actual
triangulation, a tolerably remote prospect. And even then we ehall have
covered but a third of the globe with connected points. How the remain»
der is ever to contribute its due share of data of the vequired kind is to
me a problem so incapable of solution that I think, I was justified in say-
ing that “ we never shall be able to assign the absolute amount and direc-
tion of local attraction at any place.”* It may indeed be seid in reply that
we never can obtain perfect accuracy in any thing in this world. Granted;
we can at any rate aim at local accuracy; and we shall soon see that the
attainment of even this, is hardly better than a wild speculation as yet.

To enable us the better to estimate our powers, I will now draw atten-
tention to the magnitude of the quantities which we have to measure, and
the degree of accuracy attsined or attainable in the means of measurement.

At page 664, of the “ Account of the Principal Trisngulation of the
Ordnance Survey of Great Britain and Ireland,” there is a table showing the
results of direct computation of the deflection at 16 points, independently
of any considerations other than those founded on the configuration of the
neighbouring surface, and the assumed mean density of the materials form-
ing them. Their rangeis about & 5% in the direction of the meridian.
Valusble as these computations are, they show rather what the deflection
should be according to ocertain assumed laws than what it is found to be
according to certain laws which we desire to know more about. I there-
fore pass on to the more relisble results of actual obeervation.

In the * Cornhill Magaszine” for October, 1862, appeared a notioe of the
amount of local attraction detected near Moecow, within a circle of 21
miles acroes, by comparison of actual observetion with the results of
inter-triangulation. It has a range of £ 8. Even allowing the existence
" of large errors of observation, the mere inspection of the dats is sufficient
to lead to the conclusion of relative deflection amounting to %107 within

® I have perhaps bandly laid sufficient stress on the necessity of even distridution of the
stations of observation over the whole globe, in order to approximate as nearly as possibie teo the
only conditions under which a perfectly true result could be attainable, vis., when every point on the
earth's surface is one of an infinite number of stations of cbeervation. The attraction of the sea
being negative, (or rather, less than what would exist were the sea land,) it Is clear that the nega- '
tive influence of an Eastern sea will produce a constant bias unless countersoted by a corresponding
biss csused by & Western sea also. The Indisn peninsula presents a ease in point; but although
Eastern and Western bias may here be fairly assumed as counteracting one another, there still re-
mains a Southern negative influence due to the absence of a counteracting Northern sea. Pursuing
this train of thought, we come to the conclusion that so long as we are restrioted to land surveys
and stations we shall fafl of eliminating blas, owing to the known preponderance of sea in the
Southern, and Jand in the Northern hemisphere.
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a direct distance of 12 miles on an appreciebly level country.* It is
not essy to restrain speculation in presence of such facts as these,

Here in Indis we are ready to accept 80” to 40¥ of deflection as rea-
sonsble, within short distances of the Himalayan range. But we rarely
trust anything above 10” or 15” elsewhere—not that we have any reason
to doubt the possibility of such large quantities, but eimply that such cases
a8 that at Moscow, have not yet been substantiated sufficiently to remove
old prejudices.

The accuracy of any measure of local deflection depends—1st, On that of
the trigonometrical deduction from origin; and 2nd, On that of direct ob-
servation of the local latitude and meridian. The latier is tolerably uni-
form, 17 to 2” representing the limit of probable error, beyond which it
would appear unwise to attempt any deductions. The former, on the other
hand varies greatly; so greatly indeed that nothing but the most careful
consideration of all the varying circumstances which enhance or detract
from its value, such as instrumental applisnces, system of triangulation,
of observation, and of reduction, character of country traversed, &c., &c.,
would justify even a guess at the degree of accuracy to be expected;
at the close of any triangulation of given length, cateris paribus, however, it
would probably be as the aquare of its length. Assuming that an error of
an inch per mile may fairly be expected in the length of the closing side
of a series of triangles of 500 miles in length, (which be it understood is the
very least that can as yet be looked for in the best triangulation,) and we
have st once an error of half that amount for every mile of the whole length
or an error of 20 foet in direct length. But this gives a very inadequate
idea of the probable error of position of the end of the triangulation, for
not only would error in linear unit and error of observation, producing.
erronecus direction, very oonsiderably incresse this uncertainty, bmt we
have an element of uncertainty arising from the very nature of the ques-.
tion we are dealing with, which it would seem impoesible to guard wholly
sgainst. Let me explain. In illustrating just now the process by which
the absolute amount of deflection might be determined (by the help of
perfect triangulation over the entire globe) by reference to & mean direc-
tion of the pinmb-line I assumed no attraction at the origin, and afterwards
asserted that the result was indépendent of such an assumption. That'

® I speak from recollection of a chart of the district, accompanying a report on the subject,
alluded to in the “ Cornhill Magazine,”
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asgertion was only true when the distance from A to B was supposed
short. It wms quite trus that, however false the assumption of no attrac-
tion in the direction of the meridian might be at A, such assumption would
in no respect vitiate the result at B relatively to A, whatever the distance;
but the case is very different as regards error of direction of meridian (i. e.,
deflection in & direction perpendicular to the meridian) st A. The position
of B, trigonometrically deduced from A, is entirely dependent on the truth
of the assumption in this respect, when the distance is great, and therefore
also the deflection obtained by comparing such position with that assigned
by direct observation. To illustrate more clearly my meaning, and to
show the great importance of starting at some place, where we have reason
to believe that the assumption’ of no attraction perpendicular to the meri-
dian is a true one, let us suppoee the station A to be on the ses coast at
Bombay, and B on the sea coast at or near Vizagapatam, on the opposite
side of the peninsula, the two stations being connected by perfect triangu-
lation. Let the meridian have been determined by direct observation at
Bombay. There is a strong probability amounting almost to certainty,
that the plumb-line is then drawn considersbly to the eastward owing to
the preponderant attraction of the land, and defective attraction of the ses,
and the consequence of such deflection would be that the local meridian
would fall to the eastward of the true meridian. Let us for the sake of
example assume the horisontal deviation so caused to be 10°. With
azimuths founded on this local meridian let the triangulation have been
computed and plotted. It is evident that every point in it, B among
others, will have a position assigned to it elightly to the north of its true
position. The error will be represented in feet by 5280 X sin. 10” X
distance from A in miles; or, taking the breadth of the peninsula here at
700 miles, B will be assigned a poeition 180 feet south of its true position,
corvesponding to an error in latitude due to deflected azimuth at the origin,
of nearly 2”. By exactly this amount would our determination of relative
deflection in the direction of the meridian at the two points A and B be
erroneous from this canse alone. This might in practice be considerably
increased from the several canses of error before alluded to. And be it
observed that the deviation here assumed, vis., 10* is by no means an
improbable one.

I think this is sufficient to show the importance of secking a locus of
no attraction for observations for initial azimuth.
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We have now arrived at the following conclusions—I1st. That the
amount and direction of local attraction at any place are unassignable
& priori.

2nd. That the relative amount between two points not very far apart
may be determined with tolerable accuracy, but that at distances exceeding
(say) 200 miles, none but triangulation of the best description can be ex-
pected to give reliable results.

8rd. That great accuracy cannot be looked for even over small areas
owing to the labor and expense of astronomical observations of the re-
quisite value.

Lastly, that until the whole habitable (and inhabitable) globe, or, to con-
fine ourselves within reasonable limits, until the whole of Indis, and more
especially the Southern portion, shall have been covered with first class
triangulation such as the North and West alone can as yet boast of, here
and there, and with numerous astronomical stations (whose present num-
ber may be counted on the fingers) it is vain to do more than speculate on
¢ Local Attraction.”

In one word, we know little on this subject but our own ignorance, the
necessity of knowing more, and the difficulties in the way of the attain-
ment of such knowledge. Reliable data we have absolutely none that
I care to call such—and with this confession of ignorance I leave the
subject for the present.

J. HeReCHEL.
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TURBINE AND CENTRIFUGAL PUMP,
AT ASUFNUGGUR, ON THE GANGES CANAL.

Constructed at the Roorkee Workshops.

THe Centrifugal Pump at Asufnuggur was ordered by Col. Turnbull,
Superintendent General of Irrigation, N. W. Provinces, during the famine
year 1860-61, as an experiment to test the practical value of irrigating
the high land at these Falls, which, owing to the great distance from
the Puttree Falls (the ones immediately above those at Asufnuggur), and
the difficult nature of the ground, rendered the bringing of a rajbuha re-
muneratively, impossible; this will readily be seen when it is stated that
the Puttree Falls are more than 12 miles from Asufnuggur, and the valley
of the Bolani intervenes between them.

The machinery is placed at the side of the lock, in the mill channel, a
wooden box or trough conducting the water from the upper mill channel to
the supply pipe of the Turbine, and also te the Centrifugal Pump. The
description of Turbine used, is the ordinary re-action one of Messrs White-
law and Stuart; the Centrifogal Pump is also the ordinary one, with four
curved vanes. The Turbine and Pump are fixed on the same shaft, and
make the same number of revolutions per minute.

The action of the machine is as follows :—When the valve at the bottom
of the wooden box is raised, the water descends through the pipe, and
issues from the four orifices of the turbine; the re-action of this water issn-
ing causes the turbine to revolve : at the same time the pump draws the
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water into the centre of its disc and throws it out at the circumference, from
which it rises by the vertical pipe to the channel above. The arrows show
the direction the water takes.

The pump being placed in the water there is no necessity for fanging it ;
the valve only requires to be raised, when the water immediately commences
to flow, and continues to do so night and day, without trouble and with
very little attention.

Appended is a memo. from Lieut. Forbes, R.E., Superintendent North-
ern Division, Ganges Canal, giving the quantity of land irrigated, and
the revenue derived from it; from this it is evident that the pump has been
a success. There is a further saving from the pump, which is not shewn in
Lieut. Forbes’ statement. This is the irrigation of the mangoe garden at
the Falls: previous to the pump being erected, this garden was irrigated
by bullocks at a cost of 18 rupees per month, during the months that
irrigation was necessary. If the gain on this head had been included, the
result of what is only to be considered as an experiment, would have been

more favorable.
Axgus CaMPBELL,
Officiating Superintendent Workshops.

Memo. on the Asufnuggur Pump, by Lieur. Forses, R.E. (referred to
above.)

The following table shews area irrigated and revenue derived, from the
machine since it was first erected :—

Boegahs, Bis. R A P.
Rubbee, 1861-62, . VIR . . % 16
Khureef, 1862, . . . 4 10 . .59 7 2
Rubbee, 1862-68, . . 0 o0 . . 000
- Khurcef, 1863, . . . 21 10 . .2 3 8
Rubbee, 1863-64, . L1290 14 . . 107 15 10

This latter amount of 129-14, is I fancy, below the mark. I only re-
ceived the revenue papers a few days ago, and think the trne measurements
will be somewhere about 200 beegahs.

The pump is capable of affording irrigation to about 230 beegahs, and
the revenue that could be derived from it should be about Rs. 300 per
annum, viz. (Rubbee, Rs. 160, and Khureef, Rs. 140). The cost of the
pump was Rs. 1,176, so the income derived from it should be 23 per cent.

on the original cost.
J. G. Forses.
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NOTES ON RETAINING WALLS.

By “ DHARwaAR.”

‘WATER PRESSURE.

PRACTICALLY the maximum pressure against walls is that produced
by water, the formula for which is, P =381'25 4*, which multiplied

by its leverage % is equated with the moment of stability of the wall

which is W, 4 2, and therefore

€56k ... .. o .. (D)
Breadth of base = b = o/ W,

where, P = horizontal pressure of material retained, in foot pounds,
per unit of length of wall.
A = height to top of wall, which is always supposed level with
upper surface of mass retained.
b = breadth of vertical rectangular wall, at base.
‘W, = weight of masonry per unit ;
all units being in feet pounds, and the walls to resist being supposed
to be a vertical rectangular wall of rubble in mortar, which can only
over-set by turning round the outer angle of its base.
‘Where specific gravity of masonry is given, the above formula be-
comes

b=584 /1 .. .. e i e e (lB)
8

8, being the specific gravity of the wall.

Tn the above equations, W, and 8, being the only variables, it will
be easy to obtain average values for b, and such when obtained I pur-
Ppose to equate with walls of other sections, which are more valuable in
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practice; and to make diagrams of these, so that the rclative dimen-
sions of various sectivned walls may be secn at a glance.

If we assume stone masonry to vary between 120 and 150 Ivs per
cubic foot then, 4 will be equal, as

1

a Maximum '58 % and a8

a Minimum -58 % /2_, or, ‘42 and ‘86 times A, and averaging

-89 &; this gives a wall of about 15 feet base for a height of 40 feet,
for diagram of which see Fig. 1, in sheet.
For a brick wall W, =100 ., b =46 A.

EArTH PRESSURE.

A wall being properly drained at back, will, when it retains earth,
have to sustain, as 8 maximum, the pressure of loose earth.

I. The ordinary case of thisis that -

of a bank whose top is on a level with - ig;"

the top of the wall and is horizontal, ey

the pressure is usually calculated by the | ¢ 2w

formula :
P=Stan ju o o v e o o (@)

and multiplying by g We have its moment : which, equated with ——— W. Ly

(the moment of a vertical rectangular wall,) gives

b=~58htan§a/¥ e e e . (®)

where  a=(90° — 0)
0 = angle of repose or natural slope, and its tan-
gent equals the coefficient of friction of earth

‘W = weight of loose earth per unit, and the other
symbols, as before.

In Weale’s Engineer and Contractors’ Pocket Book, for 1862, is pub-
lished Mr. Neville’s deductions on retaining walls, and he has there
given a Table, the use of which facilitates the calculation of strength of
walls for every case; using his tabular coefficient = Cfwe have for
sy bank, whether horizontal, or not,

P=C0f WA ... . i v v e oo (20)

. . 2P W
and in case, as oquation (3) 8=/ 257 =824 / Cf% . (33)
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In equations (8), (8a), the variables are, for any given height,
S = i
w,mdtan%‘l,or{ qf,w-z-g- W:mﬁt]zf::l“ul }

for earth, 8 will range from 1 6 to 1'9, and for rubble, 8, from 19 to 2-5.
Tan } a or its value ) will vary with 0, which ranges from

80° to 46°, and .°, thetan}afrom *58 to *40.
The possible combinations of these variables is infinite from,

as 8 Maximum, b = 568 X '587'0/-;—3 =335

to & Minimom, b = ‘58 x ‘40 A %_: = -18 & and the mean of
these coefficients, or 25 is probably near the truth for all usual cases.
It is evident by the follawing tabular arrangement, of several values of
the variables with the deduced bases in terms of the height that, ex-

cepting the extreme cases, the above average coefficient is suitable for
most cases; also it is evxdent that the variation of the valne of the

co-efficient due to the ratio v W, is of more consequence than that of the
tan. § a, hence that the dlﬂiculty of determining &, from direct experi-
ment, is not very great if we assume an approximate angle of repose,
because V—V- can be obtained by any person having command of a set of

scales and welghta

TABLE L
Data, I CALCULATIONS,
o - % 1
il 2 |
No. g‘ Eg E 3 Ilﬂ ‘j . : RExanxs.
3 g.? g i1 §§' 1
N | B¥EE| & |8 &% | &
() WV | W, Tan & A/ w b
2
1117 185 | 140 | 74 93 ) (| 42 & |Wet-clay, basalt rubble, Fi
8 | 48° 120 180 | 41| -96 ‘28 & | Demp clay, limestene do., 3
8| 20° 80| 120 59| -87 95 k | Mixed sand and esrth, dry,
4148°100 97| 125 43| -88 -22h | Dryearthandrudile, |
5| -64° 106 | 143| 83| <86 ‘16 A | Molst do. basalt do., tome.
6 | 54° 97 | 106 83 95 ‘18 A | An average case with brick or light
Y| 84 112 | 130 58 ‘98 | > *58< | ‘28 k |Barth. Neville.
o|d0 12| 48| - 38 |medeie " o | D
9 83 120 * ° - Red ooil, looss, do. "
1084 | 100[ 100 53] 100 BLA |Barhand ek w7
11 | 87° 94| 120 50| -88 ‘25 A | Aversge cases.
12 | 87° 94| 130 50 ‘85 24k | 0. .
13 | 34° 100 | 110 58 | ‘95 () L| 294 do  do




PLATE XLII.

DIAGRAMS OF RETAINING WALLS
OF EQUAL STRENGTH.

FOR WATER PRESSURE
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