This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://google.com/books?id=_FPOAAAAMAAJ

Digitized by GOOS[@



R



L

TA
/
F76x









Digitized by GOOS[@



,PROFESSIONAL PAPERS

ON

INDIAN ENGINEERING.

VOL. IV.—1867.

EDITED BY

MAJOR J. G. MEDLEY, R.E, Assoc. Ixst., CE,
PRINCIPAL, THOMASOX C. B. COLLEGE, ROORKHR.

ROORKEE:

PRINTED AND PUBLISHED AT THE THOMASON COLLEGE PRESS.
CALOUTTA : THACKER, SPINK & C0. BOMBAY : THACKER VINING & Co.
MADBAS : GANTZ, BROTHERS. LONDON : SMITH, ELDER & 0o,
MDOCCLXVIL



JAMES JOHNSTON, SUPERINTENDENT.

sre o

o v

o we
.

-

sacove




- .
- fﬂ.“’"a
T

1 % lv., - 4D
:—-._‘ﬂ"'}ﬁ

PREFACE 10 VOL. IV.

Tae Fourth Volume of these Papers is now concluded,—and will
be acknowledged, 1 think, to be fully equal in interest to any of
ite predecessors. . -

A short analysis of the Papers that have already appeared
may be interesting, if only as showing the varied nature of the
work occupying the attention of the Indian Engineer.

Of the 170 Papers already published, 18 refer to Railways—
15 to Roads—22 to Bridges—2l to Buildings—19 to Irriga-
tion—4 to River Improvements—3 to Water-supply—4 to
Drainage—2 to Light-houses—9 to Military Engineering—14 to_
Surveying—and 40 to Miscellaneous Subjects, which cannot well
be classified, including 12 on the Mathematics of Engineering.

Of the above number, 72 are original contributions, written
expressly for these Papers, (exclusive of the few contributed by
by the Editor). 12 are re-prints or translations from other
works—and the remainder have been abridged or adapted from
various Official reports.

No. 18, being the first quarterly No. of Vol. V, will be issued
on the lst February next, and the Subscription will be as be-
fore, Rs. 14, to those who pay in advance before that date,—
afterwards Res. 4 per number, or Rs. 16 for the Volume.

J. G. M.,
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- No. CXXIX.
ARTILLERY MESS-HOUSE—MEERUT.

Tr1s fine building was erected from the designs of the late Captain Atkin-
son, R.E. (the architect also of the Umballa Church), by J. L. Parker,
Esquire, C.E., and was unfinished when the Mutiny broke out in 1857.
Meerut was then the head-quarters of the Bengal Artillery, but on the
amalgamation of the two services, it of course lost this privilege, and the
Mess-house being too large for a mere Divisional Mess, has since been

sold. , - -
o
The buﬂdingm&, and the dimensions of the prin-

cipal rooms, will be seen on reference to the plan and section. The
srchitectural decorations of the interior were never completed, though the
walls were adorned with portraits of famous Indian military commanders,
including Lord Gough, 8ir Walter Gilbert, Sir George Pollock, 8ir Henry
Lawrence, and others.

YOL. IV. B
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No. CXXX.

DRAINAGE OF MADRAS.

Abridged from a Report on a Project for the Drainage of the Town of
Madras. By Capr. Hecror TurrocH, R.E.

Physical Features of Madras.—The limits of the jurisdiction of the
Municipsl Commissioners, or Madras Proper 88 the district contained
within them may be termed, extend to the south as far as the river Adyar
—in a northerly direction to within a mile of the village of Trivatoor—
towards the west as far as the villages of Nungumbaukum, Chetput,
Kilpauk and Perambore—and towards the east up to the sea. The area
of this txact may be taken at 27 square miles. The strata in parts consist
almost entirely of sand, but generally of alternate layers of sand and clay.
There is no rock to be found except at a considerable depth below the
surface, a depth which none of the sewers which it is proposed to lay down
will approach. The town stands on a sandy plain—the lowest parts being
from 2 to G feet, and the highest from 16 to 24 feet above mean sea level.
The average level of the whole of Madras may be taken at from 8 to 12
feet above the datum line.* Water is found in all parts at a few feet
above or below mean sea level.

If we except the western quarter of Madras, which is so thinly popu-
lated that it is not worth while considering it as a district to be drained

® The datum line for the levels used throughout the Drawings, and referred to in this Report, is
what is usnally understood in Madras as ‘“‘mean sea level.” It is taken from a bench-mark on a
stone fixed in the Bacarp of the North Ravelin of Fort 8t. George. On the stone is the following
inscription :—

“ Mean Level of the Sea from May to October, 6 feet 10 inches below this Line, which answess
to the Tide Gange mark.

# Ascertained in 1821 by Major De Havilland, Acting Chief Engineer.”
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ON INDIAX ENGINEBRING. - 8

at present, there is no gingle neighbourhood which is altogether elevated
above the others. In each there are high and low portions which differ
from each other in height from 8 to 16 feet, but in all the districts the
lowest parts, or those which must regulate the direction of the main
sewers, are nearly on a dead level with each other. The lowest streets
in Saint Thoms, Triplicane, Chintadrapett, Egmore, Vepery, Pursewakum,
Black Town, Tondiarpett and Royapooram, which are the important divi-
sions of the Town, are, in each instance, from 4 to 7 feet above mean sea
level. It will thus be seen that there is no natural line of drainage for the
town of Madras, constdered as a whole. This is an important point, and one
of the truth of which it will be well to be convinced by a reference to the
Map of Madras, which accompanies this Report. Each district, however,
has its ridges and valleys which can be turned to account when we take it
by itself, and lay down its branch sewers and pipe-drains irrespective of
the other neighbourhoods.

Madras may be conveniently divided into four drainage divisions.

Beginning from the north, the 1st, which comprises the districts of
Royapooram and Tondiarpett, is that quarter of the Town which stretches
northwards from the Railway and is contained between the Canal and the
Sea. A ridge half a mile broad, and from 12 to 15 feet above mean sea
level, runs north and south midway between the Canal and the Sea, and
slopes gradually down on either side towards these boundary lines. The
soil, to a considerable depth, is almost everywhere sand. The southern
portion only of this division is thickly inhabited.

The 2nd division is that bounded by the Railway on the north, the Canal
on the west, the river Cooum on the south, and the Sea on the east.
It contains Black Town and Fort St. George. In Black Town there are
two ridges running parallel to each other, and almost due north and south.
The well known strect, Popham’'s Broadway, which is from 6 to 8 feet
above mean sea level, is the valley line between these ridges. Begin-
ning from the east, or from the road running along the sea beach, which
is from 11 to 12 feet above the datam line, the ground rises to the west
for about & quarter of a mile until the first ridge is reached, which at
its northern extremity, is 21 feet above mean sea level. From this ridge
the ground slopes downwards to the west for another quarter of a mile
a8 far a8 Popham’s Broadway. From here the ground rises to the west
for about & third of a mile, until the second ridge along Salay Street is
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reached, which varies in height from 13 to 20 feet above mean sea level.

~ After this the ground falls rapidly to the west for about a quarter of a
mile, or down to the canal. Of all the districts in Madras, Black Town
offers the greatest facilities for drainage. The strata” found below the
surface consist of layers of different colored sand. Water is usually found
at from 1 to 3 feet below the datum line.

There is nothing to note about the natural features of the Fort except
a general fall of the ground towards the west. )

The 8rd drainage division which comprises the populous districts of
Vepery, Pursewakum, Egmore and Elemboor is bounded on the south by
the Cooum, on the east by Cochrane’s Canal, on the north by Captain
Cotton’s Canal, and on the west by the villages of Chetput, Kilpauk and
Perambore.  The most striking characteristic of this division is a general
rise of the ground from the east to the west. In the southern portion
this rise is regular and almost uninterrupted. It begins from the eastern
part of Vepery and Egmore at 6 feet above mean sea level, and continues
as far as the western limits of Madras till it attains a height of 24 feet
above the datum line. Pursewakum alone has features peculiar to itself.
Although it rises steadily to the west, there is a valley line running east
and west from which the land ascends towards the north and towards the
south., In other words, Pursewakum stands on two slopes of ground
meeting in a valley—one slope faces the south and the other the north.
The top of the former is from 8 to 11 feet, and that of the latter from 10
to 15 feet above mean sea level. The valley itself is from 8 to 6 feet
above the datum line. On account of its great extent, it is somewhat
difficult to drain the 3rd division. The strata underlying the surface soil
consists in some part of sand, and in other parts of clay. Water is found
at from 1 to 3 feet below mean sea level.

The 4th division is that portion of Madras which lies south of the
Cooum. In it there are three populous districts, viz., Chintadrapett, Tri-
plicane and Saint Thome. The former slopes down from 9 to 10 feet on
the west to 5 feet above mean sea level on the east. The land on which
Triplicane stands is perhaps the mest irregular in Madras. It rises and
falls continually, and yet there is hardly an important feature to notice
Perhaps, if I say the western quarter is generally higher than the eastern,
a clearer idea will be formed of this district than by any detailed description
I could give. For drainages proposes, Triplicane may considered to be a
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flat about 11 feet above the datum line. Saint Thomé is the half of &
little hill cut through the crest by the sea. The ground falls on all sides
except towards the east, where it is abruptly terminated by a sandy cliff.
The top of the hill is 21 feet, and the bottom from 6 to 10 feet above
mean sea level. In this division, the strata are partly of sand and partly of
clay. Water is found sometimes above, and sometimes below, mean sea
level. :

The natural drainage outfalls of Madras are the rivers Cooum and Ad-
yar, Cochrane’s Canal and the Sea.

The Cooum, which flows in a serpentine course through ‘the heart of
the town, may be considered an extensive tank. The bar at the river's
mouth is the bund of this tank, and the water, when only at mean sea
level, extends more than three miles inland, or nearly up to the College
Bridge. From January to October the river has no outlet to the sea.
It is only during the monsoon, and not always then even, that the bar
is open. During the earlier months of the year the water stands at about
mean sea level, but it falls gradually during the hot weather to 14 feet
below the datum line, unless there is rain in the interval. The level of
the river is not affected by the tides of the sea. The heaviest monsoon
does not produce a sufficiently strong current to scour the bed of the
Cooum effectually. At present this river forms a large cesspool for the
districts of Vepery, Egmore, Chintadrapett and part of Triplicane, all of
which drain into it. Owing to the constant flow of sewage into the
Cooum, and to the stagnation of the water, so large a quantity of solid
filth has accumulated that the bed of the river is raised considerably above
its natural level. Strictly speaking, the Cooum, for the last three miles of
its length, has no fall at all. In fact, if anything, the bed slopes in an
opposite direction to the course of the stream. The large drain near
Government House Bridge and the main sewer of Vepery near Chinta-
drapett Bridge have both discharged such a quantity of filth that the .
‘bed of the river between these points is actually higher than it is for the
previous mile. During the monsoon the water escapes only because the
river rises above the bar and forces a breach through it. It will thus be

‘geen that, practically, the Cooum has no outfall at all. To attempt,

therefore, to convert it into.a sewer is simply to make it a cesspool.
The Adyar, which forms the southern boundary of Madras, is really
a smaller river than the Cooum, but it widens so considerably before



(4 PROFESSIONAL PAPERS

reaching the sea that its waters cover a much larger area, and at its
mouth it forms a small lake. Like the Cooum it has no outlet to the
sea, except for a short time during the north-east monsoon. It is even
less adapted for a drainage outfall than the Cooum. '

Cochrane’s Canal runs in a northerly direction from the Cooum to beyond
the limits of Madras. At present it is the cesspool for the western quar-
ter of Black Town which discharges its sewage into it. As there is no
current to carry away the solid matter, the bed of the Canal, like that of
the Cooum, is higher than its original level.

Madras has 9 miles of sea—coast. The beach throughout is flat and
sandy. For the first half mile from the shore the bed of the sea slopes
from O to about 7 fathoms or 42 feet in depth. After this the slope
becomes very gradual, for at the distance of 8} miles from the shore, the
depth is only about 104 fathoms or 63 feet.

The difference of level between high and low tide is about 8 feet only,
and high and low water-mark are taken in Madras at about 1} feet above
and below mean sea level, which is invariably ascertained from Colonel
De Havilland's bench-mark, spoken of before.

The two principal currents along the shore of Madras both flow in a
direction parallel to the coast. The first, or that which flows from the
porth southwards, usually sets in about the middle of October, and con-
tinues to flow till February, or till such time as the ¢long shore” winds
begin to blow, when the second current sets in and flows from the south
northward. This current ceases about August, when variable currents
and calms set in and continue till the burst of the N. E. monsoon in the
middle of October. The two principal currents, following as they do the
oourse of the winds, must, no doubt, be caused by them. If the wind,
therefore, is the chief cause of the currents along the coast of Madras,
I think sccurate observations would prove that the currents which prevail
between August and October have a tendency to flow in nearly the same
direction as that which prevails from February to August. The only
difference between the winds at the two periods is that there is more west-
ing in those which blow from August to October. The velocity of the
two principal currents at their full strength is computed at three miles per
hour.

The general characteristics of the climate of Madras may be aeeertnned

from the accompanying dngmn.
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The Town of Madras.—The populséion of Madras, according to the last
statement drawn up by the Assessor to the Municipal Commissioners, is
tabulated below :—

e
No. of Im districts uses

0. wﬁ""'}.""""" wmmwh poyed rm. number of
division. vislon. drainage division. mof house.

1 | North of the Railw ]
~tad ot e { } 8483 | 70984 | 207

2 0! Railwa,

east of the Canal m{ { { g?;ks’f(g;’m’i 12,363 | 149,004 120

north of the Cooum,

3 ‘West of the Canal and

north of the Cooum, 5,899 | 57,244 97

4 | South of the Cooum, 10,915 | 150,689 | 188

82,610 | 437,771 181

In London the density of the population, with reference tg the houses,
is about 5. A Madras dwelling therefore, contains, more than 24 times
the number of people which a London house does. The density of the
population of the northern portion of Madras (20-7) is extraordinary,
being more than four times that of London.*

A native dwelling in Madras usually consists of one or more open
courtyards, each enclosed on all sides by a terraced or tiled building.
There are sometimes as many as five of these courtyards running back
from the street. Both the buildings and the courtyards almost invariably
slope towards the entrance, and their floors are generally raised above the
surface of the road—in some streets not more than a foot; in others as
much a8 4 or 5 feet. These facts are very important for the purposes
of this project, and will be referred to when the question of house-drain-
age is treated.

The greater quantity of the water used by the inhabitants is drawa from
wells built in one or more of the courtyards. When there is one well
only, it is ususlly in the back courtyard. All natives who can afford it

® Even this is rivalled by some of the villages, such, for instance, as Royapett, which has a
population of 10,210 and only 620 houses,—the density being nearly 31. Is it possible that a populs=
tion of nearly twenty thowsand can be living at the rate of 31 in a dwelling—and such dewellings? And
if this is the average density over the entire village, how many men, women, and children must.
there be in some of the houses ? It is not surprising that cholera should be endemic in Madras,
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buy their drinking water, which is usually brought from a distance. For
all other but drinking purposes, the water in the wells is made to answer,
On account of the abundance of water in the Madras wells, much more
is used than might be supposed. Almost all the wells in or near the
thickly populated parts of the town contain more or less organic matter.
This is entirely due to the sewage of the town escaping first through the
badly constructed drains in the streets, and then through the sub-soils
to the stratum of sand which holds the present water-supply of Madras.
Sooner or later, this water-supply must become so impregnated with the
sewage a8 to be rendered unfit for use. In many places this has already
occurred, for the wells are as offensive as cesspools, and in consequence
have been abandoned by the people.* These facts, which have been
brought to light by the numerous borings I have made in all parts of the
town, may be relied on by Government. I bring them thus prominently
to their notice, in order to show the necessity for a system of water-tight
pipe-drains and sewers, which while it relieves the dwellings of all liquid
refuse, will, at the same time, preserve the water-supply of Madras from
contaminatioft.{

The grester portion of the water drawn from the wells by the inhabitants
is used for washing and bathing, and generally in the back courtyard, where
also the cleaning of the pots and pans takes place. All the refuse water,
both from the yards and from the cook-rooms, is discharged by an open
channel (about 4 or 6 inches square) into the street drain. There is a ptivy
in each house, usually on one side of the back courtyard. It consists of seats
formed by low walls of brick in chunam between which the ordure falls, while
the urine escapes into the same open channel which conveys away the waste
water from the dwellings. All solid filth is removed by scavengers, who

® Every well in the town should be closed as soon as it is disused, for foul water never ceases to
give off pol gases, and b more foul the longer it is kept.

t In some places I met with pure liquid sewage. There is no mistake about this, for the smell
‘Wwas 80 overpowering as to leave no room for doubt in the matter. As a general rule, a well dug
in virgin sofl in Madras will produce good water—provided that it is sufficiently far removed from
dwellings. By good ‘wmllnuannot impregnated with sewage. Of a town situated, as
Madras, is, on the sca coast, and with a sub-soil of sand, it would be impoasible, unless a very great
number of borings were made, to say where the water would or would not be slightly brakish.
‘Wherever good water occurs, the sand is uncolored, sharp and sweet, while, in all instances in which

age has percolated through the upper strats, the sand beneath is colored dark with organic

matter, and is more or less offensive to taste and smell. It is remarkable that some wells dug on
the very margin of densely populsted neighbourhoods produced good water, A little consideration
will explain this peculiarity. The chief supply of water being drawn by the inhabitants from wells
situated fn the town, the ‘“‘pull" has been from the margin all round (o the centre. No sewage,
therefore, has flowed out of the town into these wells on the outakirts.
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call at each house once or twice in the day, and deposit it in the Municipal
carts which convey it away from the precincts of the town. As a rule,
there are no cesspits in the dwellings. The house-drain for all liquid refuse
has its outlet in the front of the dwelling, where it drops its contents into
an open drain of a rectangular section (about 15 inches by 1 foot) running
along the side of street. This, again, is connected further on with another
drain of a similar kind, but of larger dimensions, and so on, until the last
discharges itself into a sewer which lies a few feet below the surface of the
ground. Both the street drains and the sewer are built of ordinary bricks
set in shell lime mortar. They are as porous as they can be, and smell
most offensively. Having no proper slope, they are daily choked up with
filth, the removal of which is effected by manual labor only. It is for
the cleansing of these drains, which are a receptacle for all the solid filth
of the streets, that so large an establishment of scavengers is employed by
the Municipal Department.

At present the main sewers of Madras have three outfalls—the Ses,
the River Cooum and the Canal. Black Town drains into the sea, except
the small portion of it lying to the west of Salay Street which drains into
the Canal. Vepery, Egmore, Chintadrapett and part of Triplicane drain
into the Cooum. The main sewer of Black Town has its outfall at the
north-east angle of the Fort, This, being the largest, is the most offen-
sive sewer in Madras. The main sewer of Vepery discharges its contents
into-the Cooum near Chintadrapett Bridge, where it has deposited a great
quantity of filth in the bed of the river. The mouth of the main sewer of
Chintadrapett and Triplicane is near Government House Bridge, where an
effect similar to that of the Vepery sewer has been produced. Besides these
main Channels which discharge both sewage and flood-waters, there are
numerous small drains which have their outlets in the Cooum and the Canal.

It must not be supposed from the above that all the sewage of the
Town is discharged at one or other of these outfalls. Nothing could be
further from the fact. There are both individual streets and extensive
areas in each neighbourhood which have no outlet at all, and where the
sewage stands in open trenches round the dwellings, and stagnates from
day to day, and from month to month. The only cleansing process that
ever takes place is that caused by a heavy fall of rain, when the water
overflows the sides of the trenches, and, in seeking an outfall, carries
away some portion of the filth with it.

VOL. IV. 0
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Dry Conservancy.—In the present state of the question of conservancy,
a report on a proposal to cleanse an Indian Town by means of sewers
would be very incomplete, if it did not enter into a full discussion of
the new theories which have lately been started regarding dry conservancy.

Any organic substance exposed to the air is soon destroyed by oxygen
of the atmosphere. The moisture is evaporated, and the body converted
into new compounds of a more permanent form than those of which it was
originally composed. While the body is in this state of decomposition,
offensive gases are given off, but when it has taken its more permanent
form the evolution of the gases usually ceases. If, however, water be
poured on the substance, or it be allowed to lie in water, a second process
of decomposition take place, which again ceases when all the water has
been evaporated. This may be repeated many times.

The noxious smells about cook-rooms and privies arise, to a great ex-
tent, from the decomposition of organic matter promoted, in the first
instance, by the action of the atmosphere, but continued by that of water.
The nuisance caused by allowing refuse vegetablesjto lie in the streets
and dry by the heat of the sun is harmless, compared with the effect that
is produced by throwing them into the water lying in the drain close by.

Hitherto, in privies, all excrementitions matters have been removed
by aid of water. It is now demonstrated that water can be dispensed
with, and that privies can be kept much more wholesome without it. It
is urged that certain substances which have the power of preventing the
exhalation of foul gases should take the place of water. Of these, char-
coal, ashes and clay are the most important. It is found that they rapidly
absorb the moisture in excrement, and thus at once deprive it in & mea-
sure of its offensive properties. But this is not all. Even the bricks and
chunam with which the walls and floors of privies are built are now ob-
jected to, inasmuch as they soon become saturated with urine or refuse
water and retain for a very long time the power of exhaling noxious
odours. It is proposed, therefore, either to dispense with these materials
altogether by building with clay which is a deodorizer, or, at all events,
to cover them with some substance, such as tar or asphalte, which does
not absorb moisture—On these broad principles dry conservancy is based.

The best account of the new system is given in the'Punjab Sanitary
Report for 1862, by the originator, Doctor Hathawsy, of the Bengal
Service. The following is an extract from this report :—
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“ The latrines in the Punjab jails are perfectly free from any eflavinm whatever,
and the essential points in which they differ from the majority of those constructed
for Military use are as follow :—

“A. The absence of all masonry or pucka work containing lime cement.

“B. The prohibition of all cesspools or reservoirs, and all drains or pipes, whether
closed or open, leading in or out of the latrine or urinafy.

“C. The prohibition of water being used to flush the ground or ﬂootring, which is
to be kept perfectly dry.

“D. The flooring being of earth, (instead of pucka masonry or stone) on which
dry sand to the depth of 4 inches over a layer of well rammed clay is strewed,
and the portable vessels for the reception of both fluid and solid refuse matter being
deposited on the sand.

“E. The immediate removal of all refuse matter from the latrine itself, and the
careful burial every evening in trenches dug for the purpose.

“F. The abolition of the practice of sprinking powdered lime in the urinaries and
latrines, or in any other spot.”

The other points to be attended to are—to build urinals separate from
latrines—to provide thorough ventilation for both—to make all the seats in
the latrines of wood and the pans of iron or earthenware—to provide a
large iron receptacle with a close fitting lid in the rear of each latrine, into
which the contents of the pans are to be emptied as fast as the latter are
used—to keep the seats, floor, and vessels scrupulously clean—and to use
charcoal and wood-ashes as disinfectors in place of lime.

Such are the main features of. dry conservancy on Doctor Hathaway's
principle. It is impossible to call in question the great success which has
attended its introduction. The privies are clean and free from all offen-
sive smell, and have met the entire approval of the authorities in Bengal.
Like every thing else, however, of the kind, the dry system is still capable
of improvement. Some important modifications, therefore, have already
been made. The chief of these is the use of clay as a disinfector in place
of charcoal or wood-ashes. The advantages of clay are—that it is easily
procurable and exceedingly cheap—that in a dry state it is one of the
best disinfectors for excrementitious matters yet discovered—and that
after use it possesses a high value as a fertilizing manuve. Another
modification is the use of tar or asphalte for the floors and the walls of
the privies. This has not, however, the advantage of cheapness. The
last improvement yet made consists in the separation of the urine from
the fieces. This idea originated with Doctor Thudichum, a physician in
England.

The subject of dry conservancy is now attracting considerable attention
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in England, and, from what can be gathered, still more attention in Indis,
to which country it is much better suited. The great argument in favor of
it is based on the fact that the most valuable manure known to man, viz.,
urine, will be saved for agricultural purposes. If the manured clay should
hereafter possess a high tommercial value, the argument will be all the
stronger. Bo far as the application of dry conservancy to latrines is
concerned, I am entirely in accord with the advocates of this system—
provided that the cost of it is not be borne by the people who could never,
a8 will be shown presently, afford to pay for it. But some of these advo-
cates, in the heat of the excitement caused by & new and very important
discovery, will not look at the question except from one point of view. The
consequence is, that the most absurd and extraordinary statements are
made by them as to the efficacy of the new principles, and as to the
wonderful application that may be made of them. ¢The old system of
drainage by sewers is obsolete—is a quarter of a century behind the age—
is not worthy the science of the day. Dry conservancy absolutely revo-
lutionizes the subject of drainage. We must begin ab initio—the great
sanitary problem of the day has been solved. We are to have no more
sewers and no nuisances. The town is to be cleansed on new principles,
and at little or no cost to the inhabitants.”

If it should be thought that this is an exaggerated account of the effect
expected to be produced by the adoption of dry conservancy, the following
extracts will prove that it is not. Speaking of the application of the
dry system to large cities (and more especially to London) in which water
drainage exists, and where it might naturally be supposed that the sub-
version of the present system of sewers would be attended with consider-
able expense, the Reverend H. Moule says—

“ In the establishment of the earth sewage system no public works are required,
whilst the three and a half millions being spent by the Metropolitan Board for the
greater efficiency of the public works now existing, would have defrayed double the
cost of all private works of the earth sewage system for London; and the manure
saved, instead-of wasted, would, on the very lowest estimate, have been produced a
clear income of £50,000 a-year.” (Society of Arts Journal, Vol. XL)

The same idea has been repeated in other words by a gentlemen in
Madras, who has now for some years interested himself in the question of
sanitary reform. In a pamphlet, called ¢ The Cleansing of Towns,” writ-
ten by Doctor Cornish, Assistant Surgeon, and Secretary to the Director
General of the Medical Department, he says—
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“The greatest advantage of all would be the doing away with the necessity for
costly drainage works,”—and again, “Before spending some half a million of money
in a system of sewers for Madras, it may be well perhaps for the rate-payers, who
will nltimately have to defray the cost of the ‘improvement,” to enquire whether for
an expenditare of one-twentieth part of the money it may not be poesible to make
our chief city a model of cleanliness, and its excreta so valuable, that the cost of
collection should be a mere trifie in the Municipal expenditure.” _

It will thus be seen that both the Reverend H. Moule and Dr. Cornish
consider dry conservancy sufficient of itself to correct all the evils of a
town,—~those at least which arise from defective drainage. The picture
has been painted in such bright colors, and has so greatly pleased the
painters, that they have not cared to enquire whether it is true to nature.
But the argument for dry conservancy, put in few words and cleared of
everything which in any way keeps the real point at issue from view, may
be stated thus :—* Because dry conservancy is the best system for privies;
therefore it is the best system for towns.” The fallacy arises from for-
getting that in the one case, i. ¢., in privies, excrementitious matters only
are dealt with, and in the other that the same excrementitious matters
form but an inappreciable amount of the filth to be removed. It is just
a8 if a man should attempt to clean out the dust-holes of London by
crushing the bones to be found in them, and then carrying away the
powder as manure. Of course, he could urge that he had taken away
the foulest portion of the refuse and had utilized it for agricultural pur-
poses, and this would be perfectly true. - But it would be equally true that
he had left nearly all the filth behind. And this is a case exactly parallel
with that of dry conservancy, when it is insisted that this system must
supersede that of sewers. The advocates of the former keep urging that
all the urine and feeces will be carried away and converted into manure,
and, of course, nobody can deny the proposition which is perfectly patent.
But it is also true that almost all the sewage will be left behind. In a
word, though urine and feeces are undoubtedly the most offensive part of
town sewage, yet in bulk they do not amount (as in the case of London
for instance) to more than z35th of the whole. This is so easily proved,
that it can escape the observation only of persons so wedded to a new
theory, as to be unable to look adverse facts in the face, but it explains
at the same time why those who have to remove the sewage in England
do not consider the extravagant proposition to do away with sewers worth
refuting.
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The average of the returns of the Metropolitan Water Companies shows
that the quantity of water used in London per head of the population is 44
gallons = 440 Ds. daily. The average quantity of excrementitious matter
voided by each individual may be taken at 2 Is. of urine* and } . of feeces,{
or together to 2} The. daily. This is equivalent to 42—%0- = very little more

than —2(1)—6'& of the waste water. Suppose, however, that in Madras, 5
gallons only, or 50 Bs. of water are used per head of the population, then
the excrementitious matter will be % = not one-twentieth of the water.
Mr. Fraser, C.E., informs me that he proposes to supply 20 gallons or 200
s. of water per head of the population. If this is done, the excrementi-
tious matters will be very little more than one-hundredtk of the waste
water to be removed. The proportion of night-soil to liquid sewage in
Bombay is calculated at 1 to 775.

It might, however, be supposed, that, in answer to all this, it would be
contended that, if sewage were deprived of excrementitious matters, it
would not be offensive, and might lie harmless in the drains. This certain-
ly would be an extraordinary argument to urge with any one acquainted
with the mode of conservancy adopted in Madras, where already almost all
the frecal matter is removed by the Municipal carts, and the smell in the
streets is, nevertheless, perfectly sickening. But still it would be taking
the bull by the horns. The advocates of the dry system, however, take
up no such position. On the contrary, they urge with all the force they
can, that water ! water ! is the chief cause of the evils in privies—prohibit
its use, and the privies will be clean and wholesome. Indeed, they insist
that waste water from dwellings is only less offensive than excrement it-
self. The following extract from Dr. Cornish’s pamphlet will show that I
do not misrepresent the views of these gentlemen:—

“In tropical countries the putrefactive process, when water is present, proceeds
with a truly wonderful rapidity. Not only do animal excretions decompose with
great speeds, generating poisonous compounds to pollute the atmosphere, but common
house-sweepings, cook-room refuse, &c., when mixed with water, become in a very
short time an intolerable nuisance. Even the waste water from bath-rooms, if re-

tained for a few hours in a cesspool or reservoir, will be almost as offensive as excre-
mentitious matters themselves.”*

Now, is it not strange that the same people who see so clearly the

® Vide page 679 of Fawnes’ Manual of Chemistry, 7th edition.
t According to Baron Tiebig.
$ Vide page 6 of Dr. Cornish's Pamphles.



ON INDIAN ENGINEERING. 15

danger of allowing waste water to stagnate and poison the air, will not
admit the necessity of making provision for its removal?  The project now
submitted to Government, like all drainage projects, has for its object the
removal of this very waste water without retaining it in cesspools or
reservoirs. When it is shown that this can be done effectually in all towns
by a cheaper method than that of sewers, of course that method should and
will be adopted, but until then there is little doubt that the system of
drainage by sewers will prevail in India as in Europe.

It will thus be seen, that, in advocating the universal application of dry
conservancy, it has been entirely forgotten that the use of water, which
should be prohibited in privies, should be encouraged in houses. By strict
supervision, water may be excluded from the former, but, so long as we
are human, it must be used in the preparation of our food, and for the
cleansing of our persons and our dwellings. To those who say—“no
public works are required,” ‘do away with your sewers and adopt the dry
system,” is it not natural, under all the circumstances mentioned above, to
reply,—“in that case, what shall we do with our waste water, for you
yourselves say it is only less offensive than excrement?” The advocates
for the universal application of dry conservancy are bound to answer this
question before they make the extravagant proposal to cleanse a town
solely by building model privies.

But in order that Government may understand all that is proposed to be
done in Madras, I will try to put the system of dry conservancy as a whole
before them. Public privies of an improved design are to be built in all
parts of the town, and at such convenient distances apart as shall induce
the inhabitants to use them.

“One side of the building is for males, and the other for females, twenty of each
might be accommodated at one time in the privy. The urine, voided into & channel
against one wall of the building drains along an asphalted gutter (the whole of the
interior, floor and walls is to be asphalted), and after being filtered throngh a move-
able screen containing coarsely powdered charcoal, is finally received into an asphalted
reservoir outside, which reservoir is to be nearly filled every day with dry earth, to
allow of the urine being absorbed and subsequently carted away without decomposi-
tion or offence. The object of the filtration through charcoal is to remove the mucus
of the urine, by which arrangement it will not begin to decompose for a period of 24
hours or more.

“In the privies, the following arrangement is suggested. In the space allotted to
each person the toty will keep a flat, saucer-shaped chatty, painted or soaked in coal
tar, and well dried previous to use, to receive the solid excrement. These chatties
shonld always contain a little dry earth or wood-ashes, and after use the evacunation
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should be immediately covered with a small quantity of mood-ashes, kept in readiness
for the purpose within the enclosure, and the whole removed to the shed outside,
where the chatty should be emptied and the mixed ashes and fsecal matter put into
an iron tab or basket for removal. It will be observed in the plan, that separate pro-
vision is made for the reception of the urine passed during defecation,in an asphalted
channel, which conveys it to the urine reservoir oatside.”®

It is expected that the excrementitious matter, after being converted in-
to manure, will be gladly removed by contractors who will find it pay them
to use it on the lands about Madras. It is moreover considered that, on
account of the highly deodorizing properties of clay, no nuisance will be
caused by the construction of the latrines even in the heart of the town,
and that the removal of the manure through the streets will give no
offence.

1t is evident, on & primd facie view of the matter, that the entire success
of the scheme will depend on & universal use being made of the latrines.
Because, if some people use them and others do not, we shall have both the
expense of the new system and the nuisance of the old. It is not shown,
though, how this end is proposed to be secured. Whether the people will
be compelled by law to frequent the public privies, or whether the use of
them is to be entirely voluntary. It would not much signify, however, if
a dozen laws were passed on the subject, for the State, having no control
over the individual in his dwelling, could not prevent his evading the law
in it if he chose to do so.

‘We will assume, therefore, that it is intended that the question should
be decided by the common sense of each individual. But common sense
appears to me to be against the universal use of public latrines, so far at
least as women are concerned. Can it be expected that any respectable
man will permit his wife or his daughters to leave the privacy of their home
—to walk, say, 150 yards in dry and wet weather along a public street to
a public place for suck a purpose—to mix there with perfect strangers—
and to perform such a duty in their very presence.  Yet, if the women as
well as the men did not use the privies, what measure of success would
attend the introduction of dry conservancy? The advocates of this system
may point to the fact, that the existing public latrines are made use of by
women, which is perfectly true; but is it by women of the very lowest
classes, and by such of them only as have no backyard or enclosure of any
kind to resort to. And even these women are driven to the public privies

® Vide page 18 of Dr. Cornish’s Pamphlet,
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only by the strict supervision of the Police. Instead, therefore, of en-
couraging what every one will admit is a proper sense of decency, dry
conservancy proposes to lower all classes to the same degrading level.
Surely this is a backward step in civilization. Let it be remembered, too,
that children and young girls are to be subjected to this public ordeal.
To what a state of morality must this lead ?

Even in England, where every water-closet at the Railway Station is a
separate room and has a lock and a key in the door, the prejudice even
among men against it is so strong that nothing but the greatest necessity
will induce them to uwse it. I am aware that this prejudice arises in a
great measure from the fact that infectious diseases are easily propagated
by the water-closet system, but it arises also from other causes. In spite,
too, of every care that might be taken in the public latrines in Madras, it
would be impossible to prevent some of those infectious diseases spreading
amongst the people. They must all wash at one and the same place. It
would not be possible to have large tanks in the heart of the town, and, if
these were erected, the cost of the system would be enormous, as will be
shown presently. ’

Besides, how will it be possible to arrange for the wants of the sick, who
will not be able to leave their dwellings, and who, at the rate of five sick in
430,000 x5
100 =)
21,500 souls—producing daily more than 21 tons of excrementitious
matter. © Where, too, will the line be drawn amongst the community as to
the use of the latrines ? If natives must use them, so must East Indians,
and so must Europeans. There cannot be one law for the native and
another for the European. And will Europeans and East Indians submit
to such an arrangement ? Will they sit on the same seats with natives,
and in the same manner ? If not, it will be necessary to provide separate
latrines for the different races, and this again will add to the cost.

In rainy-weather, moreover, how will it be possible to induee the people
to go to the privies? - This is the very time, too, when the offensiveness of
urine and feces will be greatest. The difficulty of carrying out dry conser-
vancy in wet weather has been partly foreseen by Doctor Cornish, but not:
entirely provided against. He says, “In wet weather a supply of dried
earth should be kept ready prepared under cover.”® This is all very well

¢ Vide page 18 of Dr. Cornish’s Pamphlet. N
vol. iv. D

every hundred of the population, will amount in number to (
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so far as the clay is concerned, but what will be the use of it if people do
not frequent the latrines at that time ?

In advocating universal dry conservancy, people are too apt to be led
away by the success which, under certain conditions, has attended its in-
troduction into India. 'Whenever it has been tried on a limited scale, as,
for instance, in Barracks, Jails, Hospitals, &ec., its success has been com-
plete. But the reason is so obvious, that it is strange it should be so
often overlooked. If Government have a number of troops, or prisoners, or
invalids whom they can easily keep under discipline, every individual can
be compelled to make use of the latrine. The very fact of a man entering
& hospital is an admission on his part that he is willing to submit to the
regulations of the place. But the question assumes a different aspect
altogether when Government have to deal with a mixed population of
half a million men, women, and children, scattered over many square
miles of country—living in all kinds of houses—and over whom, as soon
a8 they are within their own doors, Government can exercise no control
whatever. How can a universal use of public privies be enforced under
such circumstances. :

But Dr. Cornish claims one great advantage for universal dry conser-
vancy, viz., that it is much cheaper than the sewer system. This is
certainly the most unfortunate mistake that has yet been made by the
advocates of the new theory, and the one which will tend to damage it
more than anything else. He says:—

“Before spending some half a million of money in a system of sewers for Madras,
it may be well perhaps for the rate-payers, who will ultimately have to defray the
cost of the ‘improvement,” to enquire whether for an expenditure of one-twentieth
part of the money it may not be possible to make our chief city a model of cleanli-
ness, and its excreta so valuable, that the cost of collection should be a mere trifle in
the Municipal expenditure.”’®

It will thus be seen that 24 lakhs of rupees is the sum set down for
cleansing Madras thoroughly according to the new principles. It has al-
ways been maintained by the Engineering profession, that, whatever objec-
tions might be raised to the sewer system, it was the cheapest means known
of disposing of sewage. A sewer, once built properly, will, with occasional
trifling repairs, last for centuries. An inconceivable quantity of water may
be passed through it. It will work as well in the night as in the day.

% Vide page 23 of Dr. Cornish’s Pamphlet.
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With fair play the supervision required is most trifling. It is necessary,
therefore, to ascertain if dry conservancy is cheaper.

[Calculations are then goue into by Captain Talloch, which show that
the cost of the privies, urinals and earth sheds for the whole city, will be
not less than 26 lakhs of rupees; that the total monthly cost of the estab-
lishment for looking after them will be Rs. 138,545, besides the cost of
carting away the excrementitious matter, which will be Rs. 6,840 more.]}

Objections to Sewers answered.—Before passing on to a description
of the project now submitted to Government, it is necessary that the
general objections to the system of drainage by sewers should be met.
Fortanately, these objections have been very fully stated by the same
Officer who has pleaded so strongly on behalf of universal dry conser-
vancy. When the arguments on both sides of the question shall have
been fully stated, it will not be difficult for Government to decide between
them.,

At the present time, when sanitary questions are attracting great at-
tention, it is of vital importance that the general principles of water-
supply, drainage, barrack construction, &c, should be thoroughly discussed.
If mistakes are made at the outset in carrying out large and important
works, the chances are that they will be repeated over and over again, and
at an enormous cost to Government. Whereas, if the correct principles
of any one subject are clearly defined, there is every hope of their universal
adoption. As this is the first project which has been submitted to the
Madras Government for the complete drainage of a large town in the
Presidency, it would be a grievous error to carry it out if it should be
based on erroneous theories. On this account, therefore, I have considered
that I should be discharging my duty to Government better by omitting
nothing in this Report bearing on the question of drainage, than by con-
fining myself strictly to the immediate subject matter.

The reason why dry conservancy has “taken” better with the Indian
than with the English public is, that the physical conditions of this coun-
try are so much more favorable to its development. England has &
damp, while India has a dry, climate. The heat of the sun, which is so
important an agent in the "dry system, acts perfectly in India. Moisture
is rapidly absorbed, and clay easily dried. In England, the damp air and
the continued absence of sunshine for many days together are obstacles,
though not insurmountble ones, to the perfect working of the system. In



20 PROFESSIONAL PAPERS

England, moreover, it is rammg more or less constantly throughout the
year, while in India the entire supply of rain is obtained in a few days. The
rivers in England are flowing all the year round. Those in the south of
India are dry for some months. All these facts are urged as arguments
against sewers.

But if sufficient water is stored in the monsoon and when the rivers are
flowing, there need be no lack during the hot months. To prove that
we have not sufficient water, it is necessary to show that the rain-fall, the
source of all water in every country,® is deficient. Yet what is the case?
The rain-fall in India on the average is double that of England. It is
true that the evaporation is greater, but after making every allowance for
loss due to this cause, there is an enormous balance of water available for
the use of man. Has India, then, any reason to complain? Every effort
which has been made to store water in the country is a standing protest
against the statement that we have not sufficient water. The success of
even small tanks is very great. Would Government otherwise keep them
in repair? 'What works can be better adapted to the purpose of store-
reservoirs than large tanks and anicuts ? It is a great mistake to suppose
that all the towns in England draw their water-supply from large and
ever-flowing rivers, and that these large rivers are necessary to works of
drainage. Numerous towns in England are supplied with water from store-
reservoirs exactly similar to the tanks of India, and their success is com-
plete.

I believe that the following extract from a letter to me by W. Fraser
Esq., C.E., expresses briefly the general opinion of all Engineers in this
country :—

“1 have had ocoasion to consider this subject a good deal, and I am of opinion
that abundance of water can be had everywhere in the Sonth of India if proper means

be adopted to secure it, and that it is difficult to conceive a case where money spent
in this way wonld not be a profitable investment.”

8o far, therefore, as drainage depends on water-supply, is there any
reasonable cause to object to sewers 7
As to the quantity of water required for flushing sewers, which Doctor
Cornish supposes must be very great, the following extract from a Report
on the Drainage of Bombay, by Robert Rawlinson, Esq., C.E., “who,” ac-
* I am, of course, speaking generally.

+ The more ] enquire of my brother-officere as to the possibility of storing water for irrigation
and other purposes up-country, the stronger assurance I obtain of the facilities for doing so,
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cording to Sir Charles Wood, ¢ has earned a high reputation for gkill in
that branch of Engineering,”* will show that very little water suffices for
the purpose : —

“ During the dry seasen in Bombay the sewers should be regularly flushed with
fresh water. The volume of water used need not be large, nor the expense very
Breat.” wueeiieenneneanne “ At the great hospitals on the Bosphorus, used by the British
Army during the Crimean war, large wine casks were used as flushing tanks, These
were placed over the heads of the sewers, and were regularly filled from the Bos-
phorus by laborers (natives) who carried the water to fill the casks, then an orderly
suddenly opened a valve, some 6 inches square, which discharged the water, abont
250 gallons, in a few seconds. These sewers were large and rudely constructed, with
flat bottoms, some 3 feet wide, but they were flushed free from deposit by the means
described.”t

‘What could be better for sewers in this country than the ordinary
water-carts used in Madras filled by the aid of pecottahs? The large
sewer in Bangalore is flushed throughout the year with water supplied
from an ordinary tank.

The sewers proposed in this Project will be as perfectly smooth as skill
can make them, and not one of them will be so wide at the bottom as the
above-mentioned, while most of them will have a diameter at bottom of
only one foot. So far as Madras is concerned there need be no anxiety
about a deficiency of water for flushing purposes. I could only wish that
there was not so much available under the surface as there is, because the
cost of building the sewers is porportionately increased. The flushing
arrangement will be most complete, and will cost nothing after the sewers
are once built.

The next objection to sewers is condensed in the question, ¢ Where is
the sewage to ge to?” And the reply suggested is, ¢ The rivers.”

“ The great rivers, the Godavery, the Kistna, and the Canvery, which contain more
or less water thronghout the year, do not run near to many populous towns, and are
practically nnavailable for the purpose. Along the Coast, sewage might probably
be pumped into the sea, but the difficulty wonld still remain with inland towns, such
as Bangalore and Secunderabad.”}

The error in this reasoning lies in supposing that rivers, as outfalls for
‘sewage, are a necessary part of the sewer system. They form no part of
it at all. It is, indeed, unfortunate that in so many instances in England

® Vide page 97 of “ Correspondence on the subject of the Drainage of Bombay."”
t Vide page 101.—Jbid.
$ Vide page 7 of Dr. Cornish’s Pamphlet.
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sewers should have been led to rivers, but this is not the fault of the
sewers but of the people who built them.

All sewage, and especially in this country, should be returned to the
soil—to the same place where the solid manure of dry conservancy is to
be conveyed. Those who are so anxious to preserve urine and feces as
manure should not forget that, after all, they cannot manage in India
without water, which must descend as rain or be raised artificially, before
crops can be made to grow. The only difference, so far as the agricul-
tural part of the question is concerned, between solid manure and liquid
sewage, is that in the first case you have an article which is almost useless
by itself, and in the second ycu have nearly all that is required to produce
anything. The mistake lies in reasoning from England to India without
considering the different conditions of atmosphere, soil, &c., prevailing in
the two countries. In England it is raining more or less throughout the
year, and the first question which the agriculturist puts to himself is,
¢ How shall I get rid of the water?” In India it rains for about 20 or
80 days, and the first question the ryot asks is, “ From where shall I get
water?”  The soil in England in its normal state is saturated with mois-
ture, and every effort is made to keep it dry. The soil in India is dry,
and every effort is made to keep it moist. Sewage is manure in a diluted
state. But its use even in England, now that they understand how the
sewage should be applied and what crops should be grown under.it, is
almost uniformly successful and is advocated by the greatest authorities.

The case of Edinburgh, where, by the use of sewage, land has rigen in
yearly rent value from £2 to £6 per acre to from £30 to £40 per acre
(Scotch) is so well known that I need not dwell on it. About Milan land
yields a net rent of £8 per acre. The meadows are mown four times in
the year for stable feeding, and besides this, three crops of hay are yearly
obtained by sewage-irrigation. At Clitheroe, in Lancashire, it has been
proved that the fertilizing properties of sewage water are nearly four
times as great as those of common farmyard manure. At Mansfield, in
Nottinghamshire, land has risen in rent value from 4s. 6d. to £14 per
acre. At Ashburton, and at other towns in Devonshire, liqnid sewage
has been applied for 50 years, and the yearly rent of land has reached £8
to £12 per acre, while land not improved with sewage yields a yearly
rent of only £1} to £2 per acre. But all these, though well known,
are old instances of the effect of the application of liquid sewage. The
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most recent instance, and the one which is attracting so mnch attention
in England, and which, it is supposed, will at last decide the question in
favor of the use of liquid sewage, is that of Croydon. The inhabitants
have been compelled to make use of the sewage of their town for the
irrigation of land. The result is, that enormous crops of green food have
been obtained, and this without any nuisance or inconvenience, while at
the same time the surplus water after irrigation is found, on entering the
River Wandle, to be purer than the water of the river itself. ,.

The application of sewage to land is, like other branches of agriculture,
a science of itself. Occasional failures will occur, and many more must
be expected until the subject is better understood, but these are or will be
due to want of knowledge and judgment on the part of those who use the
sewage and not to the thing itself. Every year the use of liquid sewage
in England increases, and the delief in its value is now general. It is not
a perfect manure, but no substance can possibly be a perfcct manure.  All
that should be contended for sewage, is that it has great fertilizing pro-
perties. .

Baron Liebig says—

“The employment of sewage in agriculture would make it possible to bnng large
tracts of land into cultivation, which hxtherw, owmg to the expense of tlllage, has
been laid waste and neglected: *

“Tt is neither fantastic nor ridiculous to believe that, without purchasing fomgn
manure, by a judicious utilization of the sewage of towns and villages, England
would be able to dispense with the importation of food from abroad.””*

If ali this can be declared of England, where already there is too much
moisture in the soil, what wonderful fertility might be produced with
sewage in India? Pour water on the land—flood it if you like—and what
is the result? A succession of crops. Would not better crops be secured
with water mixed with manure? It may be granted that solid manure, bulk
for bulk, is more valuable than sewage. But that is not the point at issue.
The point is, whether solid manure in a dry country like India with 20
or 30 wet days in the year is worth 20 or 100 times its bulk of sewage,
which, according as 5 or 20 gallons of water are used per head of the
population, I have already shown, it will amount to. And even this is
not putting the case fairly, because every pound of solid manure will have
to be carried to the fields, and then spread and mixed with the soil by
manual labor, whereas liquid sewage can be applied to the land by sim-

® Vide page 657, Vol. XI., of “Journal of the Society of Arts,” for August 21st, 1883,
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ply opening a sluice. Thus drainage works in India should be lovked
upon as works of artificial irrigation—that they will ultimately become so,
I have no doubt whatever.* The land will make its claim good to every
drop of water and every ounce of manure, in spite of all that may be done
to prevent it. It will, in the proper place, be shown in how remarkably
favorable a position Madras is situated for the utilization of its sewage.

The next argument against sewers will be seen from the following
extract :—

¢ India, for many months of the year, is a dry and thirsty land, so greedy of mois-
ture, that unless sewers be built of some less absorbent material than brick and
mortar, the soil will take up all the watery parts of the sewage, leaving the solids to
choke up the artificial channels. This state of things obtains in the town of Madras
throughout the hot and dry seasons, and it is no wonder that, under such circum-
stances, the odour of our drains should have obtained a proverbially evil repute.

» - L] » - »

» »

«Of Madras it has been averred by competent aunthority, that before the construc-
tion of drains, its abominations were not so noticeable as they have since become.
The attempts hitherto made to follow in Indian towns the European model of sew-
erage, have undoubtedly had the effect of making those towns more pestiferous than
they were before sewers were thought of.”’}

No attempts, that can really be called such, have yet been made to
follow the European model of sewerage. It is notorious that in Madras
the worst kind of bricks and ordinary (not even hydraulic) mortar have
been used. The mortar, moreover, is made of skhell lime." It is not ex-
traordinary, therefore that the drains should be a nuisance. But to argue
that because bad materials are used in Madras all sewers are objectionable,
is tantamount to saying that because bad flour is sometimes used all bread
is unwholesome. If proper bricks and proper hydraulic mortar are used,
sewers could not be objected to. In the project now submitted, I have
provided that steam-pressed bricks only shall be used, and that they shall
be set in hydraulic cement, and that the sewers shall be lined throughout
with a coating of asphalte. The subject of materials is so entirely a
professional one, that I will not pursue it further in this place.

There is really no similarity at all between the European model of
gewerage and the system which has been carried out in Madras. Itis
absurd to compare the two.. In Madras the street drains are all open—
in England they are always closed. In Madras the drains are near the

® Already the sewage of Bangalore fetches money ; it is true a very small sum, but time must

be given to enable the people to learn the full value of liqnid manure,
t Vide page 8 of Doctor Cornish’s Pamphlet.
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surface—in England they are at a considerably depth u.ndergrofmd. In
Madras no attention whatever is paid to the slopes of the drains—whereas
in England the inclinations are regulated on scientific principles, and the
drains are laid with almost mathematical precision.

Now, when it is remembered that the whole question of drainage is ene
of slope—that it is necessary that every single drain and pipe should be
laid with the utmost care and at such an inclination as shall enable it to
keep itself free from deposit—and when nothing of this kind is attempted
in Madras, where the drains are built solely with reference to the slope
of the surface of the ground, and not at all with regard to the inclination
which each drain should have—is it surprising that the present drainage
system should be a failure and & nuisance? It would, on the contrary, be
extraordinary if it were otherwise. The Madras sewerage has failed sim-
ply because it is totally unlike the model system edopted in England. So
far, therefore, from being discouraged by the present state of the Madras
drains, we should rather be encouraged by it to give the European system
what it has not yet had,—a trial.

The next objection to sewers is, that they create a great nuisance, and
this, if it were true of a proper system of sewers only, and not of other
systems of conservancy, would certainly be a more valid one than any yet
brought forward. But unfortunately, this nuisance is an objection to all
systems of conservancy. Where foul matter is disposed of, there must
be more or less smell. Latrines on the dry conservancy principle are
not inodorous, but merely less offensive than those in which water is used.*
And dry conservancy after all contemplates merely the removal of excre-
mentitious matters, and leaves the question of the nuisance caused by
refuse water untouched. So what is to be done? Sewers remove all
liquid refase with a little nuisance. Dry conservancy, so far as it goes,
removes some of the refuse with, say, less nuisance,—but unfortunately
it does not go very far, for it leaves at least nineteen-twentieths of the
refuse behind. We are merely on the horns of & dilemma, and must
choose between two evils. Of these, sewers are incomparably the less
evil, because, at least, they do form a complete system, and the effect of
them is known, but dry conservancy is merely a partial expedient, and the
fearful consequences of leaving waste water stagnating about our dwellings

© 1f there is any doubt of this, & visit to the model latrine on the north bank of the Cooum near,
Poodoopat will convince the most sceptical, '

VOL. IV. E
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cannot be foreseen, To combine the two systems, i. e., to utilize excre-
mentitious matters in public privies on dry conservancy principles and to
have a system of sewers, would be impossible. The expense of such an
arrangement would ruin even Bombay itself.

Those who exaggerate the nuisance caused by sewers should remember
that in a very short time this will be no argument at all. The subject of
deodorizing and disinfecting sewage is in a most hopeful state. Already it
has been announced that the Thames can be disinfected for £20,000 a year.
That is not a large sum for 8o great a sewer. Mr. Norton’s experiments in
Madras, moreover, have not been so unsuccessful that it can be said sewers
will never be disinfected cheaply; that they can be disinfected, there is no
doubt. The question now has resolved itself into one of expense only.
Some of the greatest analytical chemists of the day have declared that it
is quite possible both to prevent any smell arising from sewers, and to
retain at the same time the manuring properties of the sewage. Indeed,
in England, antiseptics are already used with the best effects. For
Madras, I have arranged that the sewers shall be throughout ventilated
through charcoal disinfectors, & plan which is found to answer admirably in
Europe.

A great authority on Indian Sanitation (Dr. Norman Chevers, of Cal-
cutta) has been cited as being opposed to the principle of sewers. It is best
therefore to quote what he really does say (vide Indian Annals of Medical
Science, No. XVIL.)

“ The fecunlent excreta and every kind of solid filth, road scrapings, and sweepings,
stable-litter, the refuse of knackeries, markets, tan-yards, urinaries, 'ga.rdens, cook-
rooms, &c., &c., &c., being collected and carried away in conservancy carts ; the fluid
sewage of the city, that is, all liquid matter from manufactories, markets, gas-works,
cook-rooms, &c., &c., which could not be removed in conservancy carts, being pro-
perly diluted and flushed onward with an abundant supply of fresh water, at high
pressure ; should be voided by a system of underground sewers of very moderate
capacity, the inlets of which ought to be secured against the entrance of storm-water
and of all solid refuse ; while the whole rain-water, except such portion of it as may
be required to flush the sewers, &c., should be carried off by a system of open sarfaco
drains.”

I beg respectfully to draw the attention of Government to Doctor
Chever's views on the subject of drainage as meriting great consideration at
" the present time. I believe them to be the true principles on which drainsge
works in this country should be carried out, and the only broad principles
on which success can be ensured at least cost. I arrived at the very same
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conclusion as Doctor Chevers has done, very soon after I commenced the
preparation of this project for the drainage of Madras, and, farther on in
this Report, I have brought forward all the facts which I had collected to
show the difficulty of following the English plan of sewerage, in Madras or
in those parts of the Presidency where the total rain-fall was obtained in a
few days, and the enormous expense it would entail. The proposition now
made for the drainage of Madras, viz., to separate rain-water from sewage—
to carry away the former by open surface drains, and the latter by sewers of
moderate capacity, will, I trust, be received by Government with greater
favor, now that it is put forward by an eminent man, than if it had been
made myself alone.

( To be continued ).
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No. CXXXIT.

IMPROVEMENTS IN NAVIGATION OF INDIAN RIVERS.
By W. H. LoNeMorE, EsQ., 4ssist. Engincer, Ganges River Works.

Tae Navigation of our Indian Rivers has attracted a great deal of attention,
and the question has often been raised whether it is possible to improve
these large streams and make them more thoroughly subserve the in-
terests of trade and commerce generally. I think this can be answered
satisfactorily.

The uncertainty and danger attendant upon the navigation of the Ganges
in the dry season are, as is well known,—due to the ever changing current,
and shifting shoals, which abound in the whole course of the stream, and
the want of sufficient depth at times for crossing these ghoals. During
the rains there is abundance of water for navigation, and deeply laden
boats can then pass over the sand banks scattered along its bed, which
are high and dry at the lowest state of the river.

These sand banks can be seen to a vast extent at the entrance of
the Bhagurruttee, extending for some miles, and forming a complete bar
toit. This branch of the Ganges is rarely open even for boats of the
least draught during the dry season. That it should be kept open is of
great importance, and which is fully recognized by the Government ex-
pending large sums annually for this purpose, sometimes successfully, but
as a rule unsuccessfully, except, so far*as preventing it closing so soon as
it might if left to itself. The Bhagurruttee connects Calcutta with the
main Ganges, and in the rains is used by the large river steamers; and by
all the country boats conveying produce from above Rajmahal to Calcutta,
whose draught in many instances is three times that of the steamers. As
the river falls, the larger boats are forced to go down the main stream;
next the steamers are obliged to give it up, and go round the Sunderbunds,



ON INDIAN ENGINEERING. 29

until at last, when the river is at its lowest—suppasing the entrance is
open—boats of 20 or 24 inches draught ean only pass through.

The works employed to keep it open, are identical with those employed
for deepening shoals in the main stream, and may be ealled native works,
as there is not a particle of English Engineering about them.

They consist of bamboos fixed at intervals in lines inclined to the stream
i ~—along these others are
tied longitudinally, on
which mats are hung
facing the stream, the
rear being supported by
struts. In constructing
these, two points have to
be attended to. The piles
after being well shaken
into the sand should be
driven down with mallets,

and in placing the mats
a space shown at AB must be left between their lower edge and the bed

of the stream—the mats over-lapping one another. Such a work is called
a bandel. :

The principle of its action is to collect the sand carried by the stream
and deposit it at the back of
the bandel. If the mats were
carried to the bottom this wounld
not be the case, and ;hence a
space is left for the water to pass
carrying the sand with it, and
which a8 a rule, cuts a deep
trench in front of the bandel,

as shown in Fig. 2.

The defects of this system are—1st, its buoyancy; 2nd, its porousness;
and 8rd, its limited application, due principally to the first defect. If the
materials were heavier, then it might be placed in deep water; but to retain
it for any length of time, even in the shallowest parts of the stream, it is
necessary to have the piles constantly driven down, as they are always
lisble to be washed up and floated away. I have seen whole lines carried
away in one night from this canse.

— e
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The second defect, arising from the openness of the mats, is not so
detrimental as the former. A certain quantity of water passes through
them without being of the slightest use. On the contrary, its effect is
rather injurious; for it increases the current at the back of the bandel,
and assists in carrying off the finer particles of sand, which would go
towards the accumulations in the rear. In some cases it is requisite to
stop the current altogether, under these circumstances the mats but very
imperfectly perform their intended office.

Bandels are generally arranged as shown in Fig. 8, which represents

Fig. 8 their position when first laid down. After they

W o have been in operation some little time, the sand

will commence to accumulate at the lower end

and will fill up asfar as A. To meet this

lengthening of the channel, other lines of bandels

have to be added, and continued as far as the
filling up extends.

Seeing that the common bandel was utterly
useless for working in a deep and strong current,
I considered whether something might not be done
with its materials to form a construction that
would answer this purpose. The plan I adopted
was very successful, and enabled me to advance
into the centre of the Ganges, and turn a part of its current in the direc-
tion it was required; and this too, when it was flowing some five miles per
hour, and 15 feet deep.

The great difficulty to contend with in its construction was the same as
with the common bandel—the buoyancy of the material—but when once
constructed, there it remained, and gave not the least alarm about its being
carried away by the current. The construction is fally shown in Fig. 4.

These groins were formed by a number of piers, triangular in shape,
placed at intervals and tied firmly together.

Each pier was constructed thus—3 piles were driven to form as near as
possible an equilateral triangle; over these a triangular curb, crossed with
small bamboos, to form a sort of gridiron, was dropped and forced to
the bottom. ‘ -

The upper part was then tied to form a triangle similar to the lower, and
piles were driven at intervals along all these sides and the interior filled with
sand bags, made of mats rolled into a cylindrical shape and well rammed.
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After this the mats were applied, measuring 20 feet x 8 incl‘xes, made by
Fig. 4.

tying the small mats on to a frame work of bamboos. As soon as one side
of the frame was fastened to the piers, the boats carrying them were with-
drawn, and the force of the current carried it close in; often with such
force a8 to make the whole groin creak and bend again. To prevent the
escape of any of the sand bags, the lower curb was fastened to the top one
with stout string.

Fig. 5.

The triangular shape of the piers was found advantageous. The water
" rushing through the opening between the piers spreads out on either
side, cuts away the sand and tends to tilt the pier over—this is coun-
teracted by the struts, and its connection with the other portions of the
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work—the sand under and in front is then cut away, and the pier sinks;
in some cases inclined forwards, in others to the rear, but generally ver-
tically, depositing a great mass of sand behind (see Fig. 5). In a depth
of 12 feet, I have witnessed 10 feet shoaled up in the course of a couple
of days, extending in one line for a distance of 150 yards, and at least 15
feet broad.

All the coarser sand is deposited at A—the finer is carried and deposited

in the direction of B.

Position for Works.—It is impossible to lay down any mle or number
of rules that shall be applicable to all the various phenomena of the river,—
for fixing the works.

Each reach of the river requires different treatment at different periods
of the same season, and in each year invariably so. In laying down any
principle for guidance, the chances are that the physical characteristics on
which it is based, may not be fully recognised, and it will therefore be a
failure. ’

The contour of the banks may be safely taken for guidance when- the
river is high. The deepest and strongest current will run along its concave
side, from whence the bed will gradually slope up, forming a sand bank or
shoal on its convex side. And a shoal generally exists running obliquely
across the river, from the point where the current passes, and from one
bank to the other. But when the river is low, the banks afford very little
indication where the current is deepest and strongest.

Before deciding upon any line of action, it is very necessary to take

Fig. 6. soundings regularly, to ascertain any change
that may be taking place in the bed of the
stream, and to what part it is likely to tend.

? In case it has to be diverted from one direction
to another, it is best to work in curves as much

: @ as possible, that the water may lose but little of
s 3 its initial velocity ; but where the channel can
é ) g be made straight and preserved so, it should be
" é ' carried out accordingly. For diverting the main

i stream of the Glanges, I used curved groins, and

found them answer exceedingly well. I arranged
them as shown in Fig. 6.
It is often difficult to determine the effoct a proposed groin may havo



ON INDIAN ENGINEERIKG. 38

when there are a number of channels and currents. This will be shown on
reference to Fig. 7. A strong current runs down B to
A, passes and divides into two currents D, E. A groin
at A, it might be supposed would divert more down to
E: it may however have a contrary effect, for the current
at A finding itself arrested would turn off in the direc-
tion C and form a curve to F, a direction less favora-
ble for the current down E. Then it might be urged
that closing D would answer this end. Even this is
problematical. For the draw on the current down B,
which must be kept deep, would be slackened, and it
would tend to silt up, except it was closed long before the river reached
its lowest.

In deepening a shoal the two nearest and deepest portions of the upper
and lower reaches should be connected, even though somewhat oblique to

Fig. 8. the current, when the quantity of sand to be car-
ried off is less than where the current is more
direct. For, apart from the greater quantity of
sand to be removed and the tendency of the stream
to economise its own force, it will be found, that
the relative levels in the two reaches are different
(see Fig. 8). A will be lower than B, and for this
reason, that in A, there is nothing to back up the
stream higher than E; whereas in B, if is backed
up from D, causing a head of water there which
is all employed in forcing itself.and its sand down
to E. The difference of level is only apparent
when the stream has nearly reached its lowest point.
Bandels arranged at C, before it has reached this, would aid in “opening a
channel, and be ready for the lowest state of the river when a current
would set through it, and to assist which the bank at D should be shoaled
up.

An immense quantity of sand is carried down by our Indian rivers,
which travels along the bed, and is not taken into account when the sedi-
mentary matters held in suspension are being determined ; and yet, this is
by far the more important of the two in forming shoals and sand banks
along the course of a stream, and more particularly at its mouth. Ina

VOL. IV. F
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current flowing at five or six miles per hour the upper 6 inches of sand on
the bottom is all ¢ alive,” and moving down very fast. Resistance to any-
thing passing through it is scarcely greater than that of water. In the
course of three days, I have seen a sand bank several miles long and half
a mile broad, increased 3 feet in height, and this could only be a small part
of the quantity carried down in the deeper part of the stream.

During the rains the bed is always relatively higher than in the dry sea-
son. This does not arise from the stream having greater breadth, and,
consequently, less velocity ; for the velocity is much greater as well as the
stream being much broader. It must arise then, from the immense quan-
tity of sand carried into its bed, and which with its increased velocity and
breadth, is more than it can carry down for the time. The stream is liter-
ally overloaded, and at every favorable position we are sure to find immense
deposits at these times.

On the subsidence of the river, the velocity and breadth decrease, and the
depth goes on increasing, until in some cases, the bed is 6 or 8 feet lower
than in the rains. This is very important in its bearing upon the navig-
tion of the Bhagurruttee. For, if the channel leading to it is not deepened
steadily to keep pace with the deepening of the main stream, it is quite
evident it must be dried up.

Improved Appliances.—1 have already noticed the chief defect in the
native bandel—its buoyancy. To remedy this, I would propose wrought-
iron shects instead of mats, retaining the bamboo Fig. 9.
piles and struts. The weight of the sheets would
keep these in their position and prevent their being
washed away. In addition to which, being imper-
vious to water, their action would be more complete,
and farther would afford the means of cutting off a
shallow current entirely, which is often very desirable,
but with the old bandel quite impossible.

For deep water, I should propose a larger bandel
made principally of iron, see Fig. 9, which shows the
junction of the strut and pile, both made of angle
iron ; the facing might be of mats as usual. It would
act very well and be quite sufficient for all the more _
important works on the Ganges; and the common bandel, when improved,
as suggested, would be found amply sufficient for all works on its branches..
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The expense could not be greater than the present system ; as one line
would be as effective as three ordinary ones, and though the first cost
would be a little more, still in mats and bamboas there would be a great
saving, without taking into consideration the immense amount of labor
that would be saved, both in construction and in keeping down, or in at-
tempting to keep down, the old style of bandel; and which, in spite of all
Pprecautions, causes great loss by being washed away.

Dredging on a limited scale wonld be of great assistance in opening a

Fig. 10. channel through shoals when
bandels had already been con-
structed. For this purpose a
steam dredge would not be re-
quired. A simple apparatus,
to be worked by hand, is all
that is necessary, and which
might be easily rigged up.
Something like Fig. 10, perhaps
would answer; 5 or 6 feet is all it would have to work in, and that prinei-
pally at the upper end of the channel, when the current being slacker there
would be the most need for it.

A—Pile for keeping boat steady.

B—=8coop.

C—Rope for raising scoop.

D—Anchor.

E—Platform on which to throw the stuff.

FF—Beams tying sides of boat.

G—Platform for men to work the scoops.

Raking up the sand, by drawing a “ burrow ” through it to be carried
off by the stream, has been tried, but found not to answer. This weuld be
very effective in clay, or clay and sand, but in sand alone, lying for some
distance along a shallow channel, its action would be very limited.

‘With the view of obviating the necessity of keeping open the Bhagur-
ruttee by costly works, it has been considered that a cut from the main
stream into this branch would be far preferable, and secure at all times a
sure passage for navigable purposes. A great deal may be urged against
this plan. In the first place, it is not certain that the Ganges would
continue to flow near its head, for one year even; and for many, it is pretty
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certain not to do so. In the mext place, the cut must be very deep to
allow the Ganges, when at its lowest, to flow through. And in tlie rains
a heavy current would rush through, dividing the banks, making it in a
very short time, in all its physical characteristics identical with a natural
stream. If to avoid this action, locks were placed at its head, it would
make no difference to the depth, as there would be no supply of water
in the dry season higher than the bed of the Ganges. Besides, these
works would be of a most expensive character and liable in any single year
to be swept away or left embedded in a sand bank. Making such a
cut therefore appears at best hazardous—it might remain open and be very
serviceable, but for how long it is impossible to say ;—but the chances are
against it.

A plan was once proposed to let down immense iron pontoons into the
bed of the Ganges for turning the stream down the Bhaguruttee, to be
pumped dry and raised again when required. How would this answer?
In the first place they must have a very large base, and be of immense
weight to oppose the mighty current of the Ganges, otherwise they would
be carried away like & ball. If anchored, they would become buried in
sand, and although in the right place this year, they would not be next,
and must be removed. If under the water, this would be a difficult oper-
ation; if on a dry sand bank, there would be the pumping, dry-digging.
away the sand, and hauling them to the water; requiring a set of appa-
ratus nearly as costly as the pontoons themselves, and a large amount of
labor. The plan is totally inapplicable to the circumstances—cumber-
some and unwieldly in the extreme—as well as being most expensive in
first cost and operation.

Works for Tidal Compartment—I have not had the means of testing
the suitability of the works already described, to thé tidal compartment of
our rivers; but I have no hesitation in saying, that they might be found
most beneficial. Their simplicity, the ease with -which they can be put
down or taken up in the strongest current, would be found highly advan-
tageous for the above purpose.

To meet the requirements of a double current it would be necessary to
adopt some means to prevent the sand lodged behind the groin being car-
ried back by the return current. This might be accomplished by having a
double line of works (ses Fig. 11). The facing of which, whether of mats
or sheet iron, should be fastened down securely to prevent its rising with the



ON INDIAN ENGINEERING, 87

return current. There would be very little current at A, whichever way the

Fig. 11.
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current ran, and a constant accumulation of sand
would go on here under the united action of both
groins. The larger class of bandel described in
page 84, I think would be lost. A trial on a
small scale in a shallow part of the river, of the
works already described, which surpassed my most
sanguine expectations when tried in the Ganges, and
the results of the trial carefully noted, might lead
to a farther and more complete plan for the final
improvement of the Hoogly. I believe we have a
system, truly an Indian one, which might, by further

1mprovement, be developed into cne peculiarly adapted for Indian rivers.

CAWNPORE,

August 24th, 1866. W. H. L.
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No. CXXXII.

PUBLIC WORKS IN BERAR.

By Henry Hoorer Foorp, A. Inst. C.E.

Benag, better known as the “ Hyderabad Assigned Districts,” is the
northern portion of H. H. the Nizam's Dominions, assigned by the Nizam
to the British Government as a guarantee for the regular payment of the
Hyderabad Contingent, a force he is obliged to keep up in fulfilment of
treaties. Berar has an area of 16,000 square miles, and is bounded on
the north and east by the Central Provinces, on the west by Candeish, and
south by the Nizam's Territories. It is divided into four Districts, under
Deputy Commissioners, supervised by a Commissioner ; he again is under
the immediate orders of the Resident at Hyderabad. The great impor-
tance of Berar arises from the immense quantities of cotton grown in
the districts generally, and in the valley of the Poorna in particular;
during the American war, cotton reached prices that have enabled the
cultivators to release themselves completely from the hands of the Sowkars,
and to amass what, to them, have been large fortunes.

The geological character of the district is trap; this is found in the three
stages of hard black basalt, decomposed basalt or moorum, and black soil.
In the northern range of hills, known as the Satpoora hills, sandstone and
lime-stone are found in considerable quantities; also to the south, in the
Woon districts, near Oomrowutty, laterite can be obtained, but it is too
decomposed to be utilized—crumbling away when exposed to the effects of
the weather.

The rain-fall in Berar is very uncertain, averaging from 25 to 42
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inches ; this falls at intervals of aboat a fortnight; at times there is
a heavy fall for three or four days, then a break of a fortnight, then
another heavy fall. These periodical falls are called in Mahratta, Nuck-
shuttras.

Irrigation Works.—With the exception of damming up a small nullah
at the village of Wangolee, near Ellichpoor, little or nothing has been done
in the way of irrigation ; the few old works originally built by the Mahrat-
tahs, were allowed to fall into ruins long before the English Government
took the-districts under their charge, and since then, little or nothing has
been done towards repairing the old works, Of Tanks there are none, with -
the exception of a few in Woon, and two or three in the Moorsee Talook,
in the extreme east of the district ; the soil is not suited for tanks, as it will
not hold water, and no clay is procurable for puddling. A great amount of
water could be collected and utilized by the building of Anicuts across the
streams ; many streams are already dammed year after year temporarily,
by the villagers, and the water used for irrigation; as they are at the ex-
pense of these anicuts, no extra revenue is obtained. As to Drainage
and Sewage there is none, but within the last few weeks, since the appoint-
ment of Major Nembhard as Commissioner, great activity. has been dis-
played in improving the sanitary condition of the towns by surface drainage
and the erection of latrines. The villages are collections of mud hovels
with thatched roofs; no attention has been paid to laying out streets
regularly ; most villages are surrounded with the ruins of mud walls; thess
walls were built to protect the inhabitants against plunderers and dacoits.
Of late years, owing to the better Government of the country, they have
not been required, and have been allowed to fall into ruin, and should now
be levelled 8o as to allow of the free circulation of sir.

The commercial capital of Berar is Qomrowutty, situated six miles north
of the Budnaira Railway Station; it is a large, walled, town; the walls,
which are of masonry, are in an excellent state of repair; the houses of
Sowkars and cotton merchants are large substantial buildings; the streets
are very narrow; the want of air and drainage, the numerous cess-pools,
the ruined houses used as latrines, cause altogether & collection of smells,
that it is almost impossible to describe, and still more to imagine. The
Commissioner is now opening out the town and improving the drainage.
Khamgaum, in west Berar, is the second most important commercial mart.
The third is Tirralah. Karunjah, formerly a wealthy and busy centre of
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cotton traffic, has now lost all its importance, by the railway passing eo
far from it. The head quarters of all the departments is Akolah. The
railway passes through the station, and Akolah is thus the best sitnated
town that could have been chosen for the political capital of the Province.
At Akolah, a large jail, court houses for the Commissioner and Deputy
Commissioner, hospitals, schools, &c., have been built; a church will be
built eventually. Ecclesiastical buildings appear to be put off to the last,
there not being one place of Protestant worship in the whole district.

The Nagpoor extension of the G. I. P. Railway passes through Berar,
traversing its whole length from west to east. With a view of placing
the principal towns in communication with the railway, within the last
few years, Government have devoted some funds for the formation of roads
north and south from the railway. Of these six have been sanctioned as
first class roads, and the remainder as fair weather roads; as yet only one
has been completed, and that is from the railway station at Nandoora
to Khamgaum, 12 miles in length; and even on this road the only two
really large rivers have been left unbridged.

The first railway station on entering Berar is Mulkapoor, from this
there are no roads, although the town is large and an Assistant Com-
missioner is permanently stationed there, and for whose accommoda-
tion a court house and residence, police and prison buildings are being
erected; from the next station, Nandoora, a road, as mentioned above,
has been completed to Khamgaum south of the railway, and another
has been made to Julgaum north, the latter is a fair weather road,
altogether impassable in the rains. The third station is Sheagaum;
frora here three fair weather roads have been made, two to the south
to Khamgaum and Ballapoor, each 12 miles in length; and one to the
north to Bawunbeer. The road from Sheagaum to Ballapoor is only
crossed by one large nullah, and this even does not hinder traffic above an
hour or two in floods; the large unbridged river, near Ballapoor on the
Sheagaum and Ballapoor road, and the Poorna on the :'hegaum and
Bawunbeer road, offer very considerable hindrance to traffic; besides this,
these two roads run over deep black soil, which becomes totally impassable
for wheeled carriage throughout the rains. From the fourth railway
station, Akolah, two roads are in course of construction, one north to
Akote, 30 miles in length, and one south to Mallagaum, 40 miles in
length, The former road is nearly complete; but on this, as on every other
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road, the large rivers have been left unbridged, viz., the Poorna and Sha-
noor, and a length of about 8 miles between them. At Akote, and its
immediate neighbourhood, the best cotton is grown. The Akote road has
been metalled throughout with sand, and is now fit for wheel traffic at all
seasons of the year, with the exception of the two rivers and the space be-
tween them. The Mallagaum road has been completely bridged, with the
exception of six large rivers, and the earthwork has been eompleted—all
work on it has been stopped for want of funds—when money is available
it will be metalled with moorum (decomposed basalt) and sand ; sand is a
good covering to moorum roads; it prevents dust rising during the dry
season; and in the monsoon, the water passes through it and it affords a
dry footing for pedestrians. It is proposed to carry on this road eventually
to Hingolee, a large military station in the Nizam’s country, 8 miles from
the boundary of the Hydrabad Assigned Districts—the extension will be
40 miles in length.

From Moortoogapoor, the fifth station, two roads have been sanctioned ;
one a fair weather road to Unjungaum, 40 miles in length; this has been
completed, but here again the Poorna crosses the road and stops all traffie
in rains; the road to the south has been completed as a metalled and bridged
road, with the exception of two or three of the large bridges; which, how-
ever will be built, as the road has been sanctioned as a fully bridged
road.

From Budnaira the most important station on the railway in Berar, two
fair weather roads have been made to the south, each about 20 miles in
length, to Salode and Karinjah ; the two to the north have been sanction-
ed as first class thoroughly bridged and metalled roads; the first from
Budnaira to Moorsee passing through Oomrowutty. From Budnaira to
Oomrowutty, owing to the immense amount of traffic the road is being
metalled with broken stone, and from Oomrowutty to Monsee with
moorum and sand. The second road is to Ellichpoor ; for the first 6 miles
it takes the same line as the Budnaira and Oomrowutty road, and branches
off at Oomrowutty, passing close to the walls of the town, and is continu-
ed on to Ellichpoor, a further distance of 30 miles; this road is important
a8 connecting Ellichpoor, a military station with the railway, and is also
the route to the hill Sanatarium of Chickuldah situated in the Sutpoora
range. In the construction of the Ellichpoor road great difficulties had
to be contended against in procuring material—stone was carted 20 miles,

vOL. 1. a
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water, three and four miles, sand for metalling, in some parts, seven miles.
The average cost of the road per mile has been nearly Rs. 12,000. The
Poorna, Peila, and Belgaum rivers are still unbridged, owing to the
great estimated cost of bridges. The remainder of the road is bridged.
Great credit is due to Mr. A. Izat, C.E., Assistant Engineer, in charge
of the road, for the great skill evinced in its construction, and the in-
domitable perseverance and energy shown in overcoming the difficulties in
procuring labor and materials. The Budnaira and Moorsee road has been
many years in progress; the annual small grants prevent any works being
doze, or very little. No better example can be given of the draw back
of annual small grants for a large work, than by comparing the progress
of the Imperial Road between Budnaira and Moorsee with the railway—
before the railway was completed to the Thulghat, this road was com-
menced; since then the Thulghat has been made, and some 350 miles of line
completed to the east of it, and yet the Budnaira and Moorsee road is not
completed, nor is there any chance of its being completed with the present
small annual grants for another 10 years. This slow progress is no fault
of the D. P. Works, but arises simply from the fact that only the surplus
revenue of Berar is available for Public Works. Everything and every-
one is first to be paid, and the balance given for Public Works.

The last station on the railway, within the limits of Berar, is Chandoor,
from here, two fair weather roads have been completed, one north to Koora,
12 miles, and one south to Yeotmal, the head quarters of the Woon dis-
trict ; both roads are fair weather roads. '

In addition to the above roads, the principal village tracks are annu-
ally repaired and improved by the Local Fund Engineers; but owing
to the deep black soil of the country over which nearly all the roads
pass, the greater part of the cart traffic is absolutely put a stop to
for four or five months of each year. At several of the railway sta-
tions, dik bungalows for Europeans, and serais for native travellers have
been built ; wells have also been excavated and trees planted with a view
of forming encamping grounds. A few bungalows for the accommodation
of travellers have been built on the principal roads, but many more are
required. The public buildings in Berar are well built, and have a hand-
some appearance ; the large Jail now in course of construction at Qomro-
wutty, under Captain Burton, R.E,, is a good specimen of rubble work.
Government were induced to allow this to be built pucka thronghout—there
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is no worse economy than building with mud in Berar—the bricks are vile,
the clay for building is worse. After careful calculation and a lengthened
experience in building kutcha, only one conclusion is arrived at, and that is
that it costs more to plaster, point, and otherwise protect a kutcha build-
ing in Berar than to build it properly at first.

No labor is procurable in Berar, the scanty population of the Pro-
vinee find it more profitable to work in the fields than to work either
for Government or any private company, so all labor has to be im-
ported. The greater part of the skilled labor, such as bricklayers and
brickmakers, stone masons, carpenters, tile-makers, and lime burners,
come from Secunderabad. Coolies are procurable in all the villages in
the Nizam's country. Some now employed in Berar, brought originally
from the Nizam's country, have worked for the Department three years,
with occasional leave of absence during the rains. Nearly, if not the
whole of the work in Berar has been done by contract; the small native
contractors generally require an immense amount of watching to prevent
their scamping the work; they are also very troublesome in settling with
finally, denying measurements, payments, and often their own written
statements and signatures; every one of them declare they work at a loss,
and yet after having indulged themselves in a great deal of perjury and
false swearing, on the conclusion of one job, they after a little, importune
for a fresh one. The hungry vakeels that throng the courts induce these
men it is believed to file suits, the arrangement being to go halves in case
of winning the case, and to receive the stated fee or percentage on amount
claimed if they lose; the vakeel in either case makes something.

The establishment kept up for supervising the Public Works in Berar
consists of two Executive Engineers, and two Assistants, four Assistant
Overseers, and a small temporary establishment of Sub-overseers; the Su-
perintending Engineer being also Secretary to the Resident at Hyderabad,
is necessarily obliged to reside at Hyderabad, visiting Berar as often as
possible. In addition to the Public Works’ Engineers, in each of the four
Districts there is ecither a Local Fund Engineer, or subordinate. These
officers undertake the building of police stations, travellers’ bungalows,
serais, town improvements, and the improvements of village roads. The
wants of Berar are roads and irrigation works, a larger Public Works Esta-
blishment, and a much larger annual grant; the savings from the revenue
will not approximate for years to come to what should be expended. As.
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the works are emergent, a loan only will meet the difficulty; it is a fair
and just method of paying for Public Works, for why should the present
generation only, have to pay for works ;that will benefit posterity, even
in a greater measure than it will them? A short time since, a Memo.
was in course of being prepared, showing the cost of metalling and bridging
all the roads reported as emergently necessary, and of the public buildings
required for Civil officers, and of irrigation works that were certain to
be highly remunerative—before one-half of the expenditure was calculated,
it was discovered that the probable annual grants for the next quarter of
a century would not suffice, so the list was destroyed after seeing the
hopelessness of trying to concentrate the work of years in four or five, as
no funds were available,
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No. CXXXITII.

IRON SLEEPERS ON INDIAN RAILWAYS.

TaE very heavy cost of maintenance of way on some of the Indian lines,
owing to the rapid deterioration of the wooden sleepers, having attracted
the notice of Government, opinions were asked for from the Chief Engi-
neers and other Officials of the several lines, as to the comparative merits
of Iron and Timber sleepers, and the advisability of adopting the former
in all fatare cases.

The only system of Iron Way which has been employed to any extent
in India is Grreaves’, consisting, as is well known, of cast-iron hemispheri-
cal bowls, on which a chair of the usual form is cast; each pair of bowls
being connected by s wrought-iron tie, by which the gauge is actually
preserved.

The following is an abstract of the most important opinions obtained
on the subject. Although there is some difference of opinion, the balance of
facts seems to determine that for sand ballast, for not too heavy a traffic
- and for not too great a speed, Greaves’ sleepers answer exceedingly well.
‘When the ballast is of hard materisl, such as broken brick or kunkur, there
appears to be danger of the bowls breaking, especially at high speeds.
Appended will be found a description of a Wrought-iron Road which has
been patented by Mr. Sibley, Chief Engineer, E. I. R. (Upper Section),
and which has been tried to  small extent with apparently satisfactory re-
sults.—[Eb.]

From W. Q. Smart, Esq., Chief Engineer, Madras Raslway.
The South-West Line, 406 miles, was originally laid with country
timber sleepers. It was very soon discovered that the deterioration of
the wood was so rapid that, unless a more durable material were substitu-
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ted, a very large sum would have to be expended annually on renewals,
and iron sleepers were introduced on the portion east of the Cauvery
i. e, 241 miles. On the Western Division, where timber of a better quali-
ty is procurable at moderate prices, the use of wood has been continued.

The Bangalore Branch and the North-West Line were originally
laid with iron sleepers. The former was opened for public traffic on the 1st
August, 1864, and the first portion of the latter was opened in 1861.

For the purposes -of comparison, it will' be best to take the state-
ments of the cost of maintaining the North-West Line and the 4th Divi-
sion of the South-West Line, as one is altogether an iron road, and the
other altogether timber, and both have been open for traffic about the
same time. The average cost of the first has been Rs. 54 per mile per
month, and of the latter Rs. 108. The 8rd Division, of which 36 miles
are iron, and 59 wood, averages Rs. 88. The 1st and 2nd Divisions are
still in a transition state; the balance of iron sleepers required to complete
the iron road being on the first Division 12 per cent. of the total number,
and on the second 30 per cent. This circumstance accounts for the higher
cost of maintenance.

As regards the effect of the iron road on rolling-stock, ¥ subjoin
extracts from two letters from the Locomotive Superintendent of this line;
in the first, dated 12th June, 1863, he says : —

“T cannot well send in any official report until engines have been
running long enough on the North-West Line to show appreciably what
the wear and tear is on the tyres; a report sent in at this early period of
its existence would be of little value, and might mislead, because we have
not had a sufficient number of engines working solely on that line to enable
me to deduce from their wear, fair average results.

¢ My own views are, like yours, decidedly in favor of the iron pot-sleep-
er road ; and, speaking generally, I believe that our stock has suffered far
more from the wooden sleeper road than from the iron road, on account of
the sleepers being many of them defective and badly packed. Where the
pot-sleepers are well packed, and laterite or sound ballast is used, I have
always found the engines and stock to run smoothly and without jarring,
and from our entire freedom from accident on the latter road, I should
prefer seeing them in use throughout the line.

“The North-West Line is, as a whole, in my opinion, a less injurious
road to rolling-stock than the South-West Line, and the engines and
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. rolling-stock working on that line have required, if anything, less uphold-
ing than the stock generally on the South-West Line.”

In a subsequent letter, Mr. Wright says:—

« No. 38 Engine ran 22,050 miles on the South-West Line, when she
came in for.repairs, and had her wheels turned up for the first time.

“ When turned out of the shops, she was placed on the North-West
Line, where she ran 27,348 miles, when she ¢ame into shed again, and
bad her wheels turned up.

« This result is in favor of the pot-sleeper road, more especially as en-
gine wheels usually run a less number of miles after having been once
turned up ; the outer layer of metal generally being the most durable.

“ 1t is, however, only fair to the wooden sleeper road to observe that,
during the greater part of the time that No. 88 was running on the South
Woest Line, the road between Madras and Vellore (where she ran) was,
generally speaking, in very bad order.”

Our rails on the North-West and Bangalore Line weigh 75 hs. per
yard. It is essential that the ballast should be of such a description as
not to bind, and broken stones and coarse gravel should be carefully
avoided. I find the ‘best ballast to consist of a mixture of coarse sand
and laterite gravel, or rotten granite, commonly called in this part of the
country, moorum. Where the road is laid through rock cuttings and
over bridges, I always use teak sleepers, as the iron requires a foundation
possessing some degree of elasticity.

From the Deputy Chief Engineer, Permanent Way, to Chief Engineer,
Madras Railway.—Dated 21st February, 1866.

Smoothness of road.—A road laid entirely with iron (on the Greaves’
pot system) bears a very favorable comparison with one laid with good
timber sleepers. It requires a smaller number of men per mile to make
good “slacks” and unevenness of surface; and, if provided with a tie-bar
to each pair of pots, is less liable to irregularities of gauge.

Wear and tear of rolling-stock.—Upon this subject, a reference must
be made to the Locomotive Superintendent.

Proportionate number of breakages.—The number of breakages is
exceedingly small. For instance, upon the first division of the South-
West Line, over which there is a very heavy traffic, it amounted, during
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the year 1865, to 544 pots, upon a total laid in the road of 288,559. This .
is equivalent to about 0-191 per cent. Some months back, I made an
examination of broken pots in the road, and I arrived at the conclusion,
that & large proportion of the fractures were originally due to defective
loading or unloading, and not to concussions from rolling-stock after the
pots were laid down. .

Renewals.—During the year 1865, the cost of maintenance upon the
North-West Line (an iron road throughout), including the renewals of
fractured pots, averaged Rs. 61-5-11 per mile per mensem.

Upon the fourth division of the South-West Line (a road laid entirely
with timber sleepers), where there is less traffic than upon the North-West
Line, it averaged Rs. 132-6-9 per mile per mensem. From these figures
it will be seen that, upon a road laid with iron, a saving can be effected,
comparing it with a wooden road, of 54 per cent. upon the cost of main-
tenance.

Frequency of accidents.—Before we laid down iron-sleepers upon the
South-West Line, trains were on several occasions thrown off the rails,
owing to the bursting out of the wooden road. Since iron has been so
extensively employed, we have been altogether free from accidents of this
natare. In my opinion, an iron road laid with Greaves’ sleepers is perfectly
safo for trains at the highest speeds.

Ballast and packing.—The best description of ballast is sand or sand
and rotten granite (moorum). Laterite is objectionable, for the simple rea-
son that it cakes during the dry season, and retains moisture in wet weather;
in the first case causing a certain amount of rigidity tending to fracture the
pots; and in the secomsl, rendering it difficult to pack them and main-
tain an even surface. The packing is effected by means of a rammer or
crow-bar, working throngh the two circular holes cast in the side of the

pot.

From the Locomotive Superintendent, to Agent Madras Railway Company.—
Dated 28th March, 1866.

With reference to your letter of 20th February, forwarding a printed
Order of Government, having reference to the use of cast-iron pot-sleep-
ers, I beg to inform you that, since their general introduction on this
line, the wear and tear on engines and rolling-stock has been perceptibly
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increased, the amount of injury being however, confined to the wear of
tyres so far a8 it is appreciable.

On the opening of a portion of the North-West Line, where the pot
road was particularly good, the results seemed at first very favorable, and
we scarcely ever had a broken spring ; whilst on the South-West Line
they were continually breaking. This, however, was, no doubt, entirely
due to the bad state of  the wooden sleeper road between Madras and Vel-
lore; aud at that time the pot-sleeper road, judging from such limited
statistics as I possessed, appeared to offer advantages as regards general
wear and tear over the wooden sleeper road which then existed. -

There can, however, be no question as to the superiority of the wooden
sleeper road over the pot sleeper road as regards smooth running,
both being alike equally well maintained ; but the difficulty and expense
of preserving and maintaining the wooden sleeper road in this country
is so great, that, practically, I believe the pot-sleeper road to be on the
whole the best and safest, and undoubtedly the cheapest description of road,
and I think that these advantages will probably be found to outweigh the
extra cost of repairs to rolling-stock.

I see no danger whatever in running trains at express speed, say at
50 miles an hour, upon a pot-sleeper road. Indeed, I have frequently
Tun over it at this speed with special trains cqnveying His Excellency the
Governor and others, and never experienced any indication that would lead
to the supposition of its being an unsafe road for trains running at high
speeds.

In those parts of the road where the ballast or material of which the
road is formed, is of a yielding nature, there is little, if any, difference
perceptible between it and the wooden sleeper road; but laterite, unless
frequently opened up, is apt to cake and become very solid, in which case
a harsh and unpleasant action is transmitted to the rolling-stock.

Upon the whole, however, the pot sleeper road appears to me to be par-
ticularly suitable for India.

From A. Shanks, Esq., Resident Engineer, Calcutta and §. E. Railway
Company.—Dated 8rd February, 1866.
But few years having elapsed since the introduction of cast-iron sleepers
VOL. IV. ) H
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congiderable difference 'qf opinion exists as to the wisdom of bringing them
into general use: for, no doubt, they possess bad qualitics as well as
advantages.

The short length of this line laid on pot-sleepers has not afforded me
much opportanity of testing their merits or otherwise; ours are bedded in
coarse sand; this being retained in position by a wall built on either side,
the road is kept in order with little difficulty, and I find that, in running
trains up to 45 miles per hour, the motion is smooth and agreeable, and I
do not apprehend any danger from running at such a speed.

But it must be borne in mind that our sleepers are exceedingly strong,
the pair weighing 210 pounds, (being, I understand, 75 per cent. heavier
than those lately sent out for the East Indian Railway) ; they are, therefore,
little liable to fracture; the first cost of them, as well as that of their car-
riage, i8 proportionally higher, and the retaining walls necessary in most
localities raise their cost most materially over those of wood.

I am, therefore, of opinion that pot-sleepers of from 21 inches to 24
inches diameter, when made of sufficient strength, provided with good tie-
bars, and evenly packed with sand or other small ballast, are safer and six-
fold more durable than timber sleepers. The cost of the former will be
nearly double that of the latter, and strict compliance with these conditions
is most necessary to ensure success in their application on lines with heavy
or fast traffic. )

The life of a wooden sleeper, whether of creosoted pine, teak, or s4l,
cannot be reckoned at more than five or six years: I have found many of
them perfectly rotten in much less time, and I doubt whether there are two
opinions as to the danger to which traffic is exposed in being carried over
them ; their external appearance often leading one to suppose they are
sound when they are really unsafe.

The subject of suitable slecpers for this climate has lately occupied &
considerable share of my attention, and I am of opinion that much better
results would be obtained from the use of wrought-iron transverse sleepers
than any other yet tried: such a sleeper might be made 10 feet long and 10
inches broad, with its under side concave, the bearing area would thus be the
same as that of the present wooden sleeper, their weight not more, and their
strength much greater, while they would be five or six-fold more durable.

From reliable data, I find that such sleepers would only cost 25 to 80
per cent. more than those of wood, and the advantages which appear to
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attach to such a size and shape should, certainly, warrant at least a trial
of he principle.

Note by Chief Engineer, E. I. Railway, N. W. P., on the Greaves'
Pot-sleepers used experimentally in the N. W. Provinces.—~The Board
having sent out 200,000 bowls (equal to 100,000 sleepers), it was deter-
mined that balf should be used in Bengal, and half in the North Western
Provinces.

Of these 100,000 bowls, 92,441 reached the Delhi District. The
Btore-keeper at Allahabad reported having 9,165 broken, or more or less
damaged ; he was directed to send forward all that would be serviceable
for even temporary purposes; the result was the above number, of which
86,844 were put into the permanent road, chiefly between Khoorja and
Dadree Stations.

Part was laid wholly with bowls, generally 7 pairs to the 20-feet rail ;
and part with timber sleepers on each side of the rail joint, and 5 pairs of
bowls intermediately.

The former arrangement, though giving a little trouble at first from
unequsl yielding, is decidedly the best arrangement. The cross ties were
at first placed only to each alternate pair of bowls, it was afterwards found
necessary to put them to each pair.

The bowl road is laid wholly on kunkur ballast, and care was taken to
have it broken fine for packing inside the bowls.

This length of road has, from the first, been the worst length on the
Delbi District, and has taken much labor and expense to keep it in any-
thing like travellable condition.

During the last six months, 1,410 bowls have been re-placed, but this
does not at all represent the number actually broken, as, owing to the
evils which arise from unequal packing, the opening of the road is deferred
until it can be 80 no longer.

Any ballast that we can obtain, except hard clinker or stono (which
would break the bowls), binds when broken and packed in the core; when
a bowl is re-placed, if it be packed slightly higher than its neighbour, the
latter receives a blow and breaks like a biscuit in the hollow of the hand.

With a sharp Thames sand or analogous ballast, which would give a
firm bed without binding, this objection would be avoided.

Owing to the very unsatisfactory condition of the road, I had lately a
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length of 845 feet of the road opened out and examined. OQut of 210
bowls in the road, 90, or nearly 43 per cent. were broken, and in sevaral
cases, as many as 11 out of 14 under a pair of rails were broken.

In another portion of road subsequently examined, out of 150 bowls,
no less then 79 are broken, more or less, and of these 64 are badly dam-
aged. The ballast is kunkur, of average size and inclined to be soft. The
bank is 5 feet high of good hard sandy loam. There are 5 pairs of bowls
to each 23 feet rail, with timber sleepers at the joints.

The use of Greaves’ pot-sleepers in the North Western Provinces must
be regarded as resulting in decided failure.

I should add that most of the road has been under the charge of an
Inspector who was on bowl roads in Madras.

In the correspondence forwarded from Bombay and Madras, it will be
observed that the advocates of the bowl sleepers dwell less on the merits
of the bowl sleepers than on the demerits of the timber sleepers. This
course is no doubt admissible in discussing comparative merits ; but as it
is presumed that the object of this reference is rather to discover what is
the best system of Penmanent Way for India, it is well to note the above
fact. All who have seen much of our cross sleeper road will be ready to
admit the extremely unsatisfactory duration of all but the very first class
of sleepers. . i

‘We have now a length in the Etawah District of inferior sleepers re-
ceived from the Government Forest Agency, laid in 1861, of which nearly
half have been repewed, and the majority of the remainder will probably
have to be renewed within this year.

‘We have paxts of the same district laid with first class sleepers 12
inches X 6 inches, of which scarccly any have been as yet renewed.

The avoidance of the evils attending the use of timber sleepers in this
climate should not, in my opinion, lead to the use of cast-iron. Even were
the behaviour of the pot-sleepers, when in the road, as comparatively sa-
tisfactory as it is decidedly the reverse, still the use of cast-iron would be
most uneconomical as compared with wrought-iron.

This arises, first, from the heavy proportion which freight and sab-
sequent land carriage bear to the original cost of imported iron; secondly,
the greater weight of cast-iron necessary to obtain the same strength ; and
thirdly, the heavy per centage of fractures owing to the numerous tranship-
ments and the fragile character of bowl sleepers.
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It is to be noted also, that the fracture of one jaw of the chair attached
to the bowl renders the whole useless,

From W. Bourne, Esq., Chief Engineer, to Agent, East Indian Railway

Company.—Dated 1st March, 1866.

I deferred replying to your letter until I had recetved the Engineer's
half-yearly Report upon the road laid with Greaves’ patent bowl sleepers.
The reports on the portion of the main line with these sleepers, for both
the half-years ending June 1865 and December 1865, are unfavorable.

The facts upon which these reports were based are,—we laid a mile ot
experimental road at Undal, where our coal traffic is heavy; the road was
carefully laid in and attended to. The result was that the breakage
amounted to 7 per cent. per annum in the first half-year, and 7} per cent.
per annum in the second half-year ; that the cost of maintenance in the first

balf-yegr was 50 per cent. in excess of that of the wooden sleeper road,

and in the second half-year 46 per cent. A portion of the Singarrun
Branch line, where the traffic is not so heavy as at Undal, % also laid
with the bowl sleepers; the breakages have not been so numerous, and the
cost for labor in maintaining not so much as upon the main line, in fact,
less than that upon the wooden sleeper road.

Both lines are laid with the same permanent-way and ballast, and it
appears from the above facts, that the bowls would favorably compete
with the wooden sleeper road where the traffic was light and the speed
slow, but on our main line, with our heavy engines, and long heavy coal
trains, that they are not so well adapted as the wooden sleeper road for the
traffic.

The ballast we have used is of broken bricks and broken sandstone.

From Chief Engineer, to Agent, Punjab Railway.—Dated 8rd April, 1866.
In reply to your letter of 8rd February, and enclosure from the
Government of India, relative to the use of cast-iron pot-sleepers, I have
to report that, on 70 miles of the line laid with these sleepers, from
Mooltan towards Lahore, only 1,000 have been removed,* while, on the
4 miles at Sher Shah, no breakages have occurred.
The laying of the permanent-way with these sleepers was commenced in
® Does this include the number broken md left in the road.—[ED].
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June 1863, and completed in August 1864, during which period material
trains passed over it as the work proceeded, and since then, passengers,
goods, and frequently ballast trains, have been running regularly.

The road was laid on the embankment, and earth used for boxing up;
since then, for the greatest portion of the road, the earth has been cleared
away nearly to the bottom of the pots, and the space filled in with broken
bricks. The pots rest on, and are packed inside with, earth. The road is
smooth and run over at the same speed as the sleeper road, and I am of
opinion the wear and tear of rolling-stock is not greater than on a sleeper
road, and that it is as free from accidents.

Mr. Nethersole, the District Engineer, reports :—‘ Both from personal
knowledge, and from the experience of the plate-layers,” I am of opinion
that, ¢ on the 70 miles of road laid on this district with iron pot-sleepers,
the road will be (when boxing up is completed) equally as good for traffic as
the wooden sleeper road ; the trains run as smoothly over it, and it cannot,
therefore, be considered a hard or rigid road.” He further states, *several
iron pots were put in originally slightly damaged, and owing to the rapi-
dity with which the line was primarily linked in, many more were cracked ;
but, despite these disadvantages, I cannot find that 1,000 have been re-
moved out of the 70 miles.”

I may further mention, that only 1,985 sleepers have been broken in
transit from Sher Shah during the construction of the line, including those
taken out since the line was first laid.

From nearly eight years’ experience of their use on the Egyptain Rail-
way, between Alexandria and Cairo, I am of opinion, that with suitable
ballast a good and smooth road may be maintained; and for the Delhi
Railway, I propose bedding and packing the sleepers with sand, and cover-
ing the whole up with a top-dressing of kunkur or broken brick.

JFrom Captain Sherard Osborn, R.N., Agent, Great Indian Peninsula

Raslway Company.

With the consent of the Directors of the Great Indian Peninsala Rail-
way Company, I spent the interval between a muail for Bombay passing
through Egypt, to collect the following information on the result of the long
experience of the Railway Officials, in that country, of the efficiency and
working of a line laid entirely en iron pot-sleepers, instead of the ordinary
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wooden sleeper used in British India, and the following Memorandum is
an abstract of a mass of notes made on the subject.

Mr. Hardcastle, Mr. Perry, and Abul Meyd Effendi, Civil Engineers
in charge of different Sections of the Railway, all concurred in saying
that, after eleven years’' experience, the pot-sleeper, invented by Mr.
Stephenson, appears equally well calculated for sandy soil, the rich black
loam of the valley of the Nile (very similar to the black soil of India),
or the hard unyielding surface of the country and cuttings between Cairo
and Suez.

A large proportion of the pot sleepers introduced by Mr. Stephenson,
some fourteen years ago, are still in excellent candition, and it appears to
me that they were of g better quality than those more recently introdaced
into Egypt, so far as the quality of the iron was concerned, although there
is no doubt that the form and shape have improved.

Edington’s, of Glasgow, sleeper (pattern 1865) has a longer bearing
for the rail on the crown of the sleeper, and the pot-sleeper itself is some-
what thicker in the crown than in the old pattern. This appears to be a
considerable improvement ; whilst Messrs. Greaves’ patent pot-sleeper, from
its larger area, was, in the opinion of one of the most experienced Perma-
nent-Way Ihspectors, admirably adapted for rock-cuttings, or in places
where the pot-sleeper was liable to work down through the ballast to a
hard unyielding surface.

Bat irrespective of the form of the pot-sleeper, it was very evident to me
that as much depended upon the quality of the iron of which the sleeper is
constructed, as the character of the wood does in & wooden sleeper.

The rale throughout the Egyptain Railway is to have seven pairs of pot-
sleepers to every rail, and they average twenty-one feet in length. Of
these seven pairs, four pairs are tied with iron tie-bars, and experience has
shown that it is by no means advantageous to tie together a greater pro-
portion of pot-sleepers, whether it be on curves or inclines however sharp,
or however steep. The reason for this may be easily understood, when
it is remembered that the great point with a permanent-way must be to
preserve the gauge without destroying the necessary lateral elasticity of
the road. I observed two curves of eight chains each near Cairo; the
ordinary working curves on the line are twenty chains,

I allude to this point of leaving a certain number of pot-sleepers untied
in every rail, because the Egyptian experience is at variance with the
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opinion of the Chief Engineer of the Madras Railway in his Report, he
being in favor of tying every pair of pot-sleepers in curves and on
inclines. .

The packing or punning of the pot-sleepers appears to be an import-
ant though simple measure in insuring the satisfactory construction of a
permanent-way, The sleeper in all cases requires to have two holes:
those with one hole only are now obsolete. Through these holes, the earth,
or small ballast, is poured and rammed gently, until the interior of the
sleeper is quite filled. It appears by no means desirable to ram the contents
of the sleeper so as to destroy the elasticity of the road. 1In rock-cuttings
and on hard surfaces, the pot-sleeper requires about fifteen inches of ballast
to be spread before the sleeper is laid down. This will ensure the pot,
if it is subsequently properly filled, not working its way down to the rock ;
but I may mention that, in more places than one, I observed the edge of
the sleeper quite down to the hard unyielding surface, without any injury
appearing to occur to it—the interior of the pot-sleeper was, of course in
all such cases well packed with ballast.

At one point, near Lake Mareotis, where the line had become perfectly
rigid, and had formed from the amalgamation of lime, and sand, and iron,
& hard conglomerate, the sleepers did appear to break in a great propor-
tion than elsewhere ; the remedy for this was simply lifting the sleeper and
relieving it, 50 as to restore the necessary elasticity to the road ; the rolling-
stock, however, did not appear to suffer there more than elsewhere on the
line,

On rocky surfaces, as well as where there is much lime in the soil, and
the iron is disposed to bind with it, it is always best to lift the pots slight-
ly at intervals of time so as to insure due elasticity. If this is done, they
will stand for a long period. On earth banks which have consolidated, or
on sand, the pot-sleepers require but little expenditure of labor, and I was
informed that, with a& road once in good order, one-half per cent. per an-
num was the average repairs of pot-sleepers.

In the main line Station of Alexandria, where there is a good deal of
heavy shunting constantly going on, I was shown iron sleepers that had
been down eight years, and were as good as ever.

The maintenance of the permanent-way in Egypt is in cost a mere
bagatelle to that of the Indian Railways, and is carried on by a body of old
soldiers who have gong through the first period of Military Service, under
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the control of an old Officer. These are paid from the Railway Revenue,
and instructed by the Railway Engineers.

I was told that the proportion of the Plate-layers to every five miles of
road was sufficient to maintain a single line of rails after the road was
once in good order. The condition of the permanent-way appeared to me
to be better than the major portion of our own Railway.

From George Betts Bey, the Agent and General Superintendent of the
Viceroy, as well as from the Locomotive Superintendent, I learned that they
were both convinced of the superiority of an iron permanent-way over a
wooden one in every respect. The Locomotive Superintendent allowed
that he had been at first, like most people, prejudiced against the pot-
sleeper, from an idea that its non-elasticity would injure the rolling-stock
material; but both these gentlemen were convinced that the perfection of
the gauge, the ease with which the road was maintained in a country
where skilled labor was quite as difficult to be obtained as in India, and
the safety with which, at & great speed, heavy weights were carried by
Native Drivers over such a road, placed the iron permanent-way far before
wooden sleepers for all Railway purposes in Eastern countries.

1 was assured by all Departments that, except in collisions, the case of
an engine or train running off the rails was almost unknown in Egypt,
although the Drivers, even more than in India, constantly make up time
by running at & reckless speed. The only explanation that could be given
of this was the fact that, unless the tie-bars carry away, the road with iron
pot-sleepers must always be in gauge.

1 need not point out how much this is at variance with our own experi-
enco on our Indian Railways. Here trains have frequently run off, and
life has been either lost or endangered, without any assignable cause. Our
Permanent-way Inspectors generally declare the road laid on wooden
sleepers to have been in gauge when it is very certain that it could not
have been 80, or the engine would not have run off.

The Alexandria express train now travels at the rate of forty miles per
hour, and the road is considered safe for the speed of a mile a minute,
Indeed, I was assured on pretty good authority, that the express in mak-
ing up time often attained that, or a higher rate. The goods trains on
the Egyptian Railway are, I suppose, the heaviest that have ever been
worked on so light a permanent-way, the majority of the rails being only
sixty-five pounds per yard.

VOL. IV. _ I
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Their goods engines are very large and powerful ones, some of the French
engines being nearly as heavy as our Ghit Locomotives. The goods trains
often comprise from forty to fifty wagons, averaging eleven tons gross
weight when loaded,* and the speed ranges from twenty to forty miles
per hour.

I quote this to show how severely the Egyptain line has been tested,
and not at all with view of urging such a system on Indian Railways.

On Mr. Perry’s section of the line I found they were taking up twenty-
two miles of rails laid upon wooden sleepers, and re-placing them with iron
ones. This was done to insure the road being capable af carrying the
traffic with safety, and to reduce the expense of maintenance.

I found that wooden sleepers could have been imported from Dalmatia,
Greece, or Turkey, at less cost than the iron sleepers from England, but
that it was found in Egypt, as we find in India, that the wood simply de-
cayed away when covered in earth, and subjected to the variations of
temperature, and alternations of dry and wet soil.

Looking at the pot-sleeper as applied in Egypt, and comparing the
road with the appearance of much of our line upon embankments in Indis,
I am inclined to think that the thin iron tie-rod, instead of the heavy
wooden transverse cross-beam, is much the surest way of preserving the
gauge in countries where the maintenance of the line will always be care-
lessly carried out as compared with European Railways. For instance, on
many of our embankments, it requires, no very critical eye to observe that
the ballast is too high in the centre, owing to the constant washing away
and subsidence of the embankment at the side where the chair and ail rests,
and that consequently, when a train is passing over our roads in the wet
season, the centre of the bank, and, of course, the centre of the wooden
sleeper, becomes the fulcrum upon which the weight of the train is thrown,
instead of resting as it should do, on the side of the bank along the line of
rail.
Last year, between Julgaum and Mussawad, I saw a considerable
length of line in this condition, leading, of course to an accident in which
two or three hundred yards of sleepers were broken up, whilst the Assistant
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Engineer and Permanent-way Inspector were ready to aver that the road
was in excellent gauge, and so it was, so long as the weight of the train
was not thrown upon it.

‘With iron tie-rods this could hardly ever occur, as they would easily cut
down through the bank and preserve their position with respect to the pot
sleepers, as the latter were forced down by the weight of the train.

One of the most serious objections that I have heard advanced against the
pot-sleepers is the statement that, in the event of any accident, the loss of
sleepers and chairs would be greater than with the ordinary wooden per-
manent-way. Some enquiries I made on this head lead me strongly to
doubt whether this objection holds good in practice, and there are at any
rate two classes of accidents to which we are liable with wooden sleepers
that are totally unknown with iron permanent way.

The first I have already alluded to, that of the breaking of the wooden
sleeper, owing to the centre of the bank being too high, and defective
packing under the rail. The second is from the ignition of the wooden
sleeper in the dry hot season, either owing to the hot ashes falling on them
from the engines, or from trains catching fire when collisions occur or
sparks fall on the goods.

Qur losses from thé burning of sleepers attributable to the second of
these causes, have been very considerable. Looking therefore, at the
question of iron versus wooden sleepers, in all its bearings, I am perfectly
convinced, in the interest of the Sharcholders, as well as the Indian
Government, that the sooner Railways in the East are constructed of iron
permanent way, the better. The losses to which this Railway has been
subjected would be very difficult to estimate, especially in teak sleepers,
and all the jungle-wood ones have proved to be utter failures, entailing
enormous expense in renewals even before the roads have been opened to
public traffic. The majority of the jungle-wood sleepers simply decayed
away to dust within eight months, or within a year of being laid down.
The teak last better; but every person, from the Sleeper Contractor to the
coolies employed on the line, have made their profit out of them at the
Company’s cost.

The quantity of teak misappropriated and deficient within my own
experience, has been something startling, and there can be no remedy for
it so long as the wood is so precious and in such constant demand; for
every bit of teak represents a certain monied value. It has been nothing
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unusual in former days for a fruck-load of teak sleepers to be missing
and the sale of slespers supposed to be used on the line for repairs is still
very prevalent.

Now, with an iron sleeper, we have very little risk of robbery or misap-
propriation, the metal, even when broken up, being of no use to the
natives; whereas, with a proper foundry capable of re-casting sleepers,
such as every Indian Railway should possess, it will be very easy to carry
the broken iron, and re-cast our sleepers ; the tie-rod, in nine cases out of
ten, merely requiring straightening.

Looking to the future, moreover, I see no prospect of the teak forests of
India being capable of maintaining the necessary supply for either the con-
struction or maintenance of Indian Railways.

In the tenders sent in last year to an advertisement for teak sleepers,
the prices ranged from Rs. 6-8 to Rs, 12-8 per sleeper, delivered in ships
at Bombay, and not including landing charges or haunlsge. All the teak
sleepers procured in this country of late for our Railway, are young trees
sawn in two half rounds, which cannot be turned, and in many places not
84 inches through. I have, of course, closed all such contracts. The
Singapoor teak sleepers are of good proportions, cut out of the solid tim-
ber, but they are costly, and, apart from haulage, stand the Company in at
the rate of Rs. 5-2 per sleeper.

I am aware that certain Officers of the Forest Department in Indis
think we should give the jungle-woods another trial, and say that, with
proper seasoning, many of them would last. I utterly differ from them,
for many of our eyne and babool sleepers were years seasoning before they
were put into the ground, yet, sound as they appeared on Leing placed on
the road, they decayed away, I am told, in eight or nine months.

Note on Mr. Sibley's Wrought-iron Longitudinal Road.

Shortly after assuming charge of the works in these Provinces, my
attention was attracted by the difficulty in obtaining sleepers, and the very
defective character of many that had been supplied, and also by the defects
in our fastenings, to the question of doing away altogether with so perish-
able and uncertain a substance as timber in this climate is.

On the 18th June 1860, I sent in designs for a wrought-iron road
consisting of a lower continuous bearing, formed by two angle-irons 5} X
6} in 20 feet length bolted together, breaking joint at half the length,
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and carrying a bridge rail bolted to the angle-iron longitudinals with §
inch hard wood packing intervening. The cross transoms or ties being
placed at 10 feet intervals, also formed of angle-iron, and bevilled at the
end to give the necessary tilt to the rail.

The Agent, on 27th June, 1861, recommended that ﬁve niiles should
be sent out, and the Government of India sanctioned this on 21st August
1861.

The first portion of this reached Allahabad in February 1864, but only
enough to lay 14 miles were delivered before the road was laid into Delhi
temporary Terminus on 30th June, 1864.

A farther portion, two miles over the Jumna bridge and viaduct, and up
to the Jail Road Bridge was laid, and has been run over since the Jumna
bridge was opened to the public on 15th June last.

The length in Allahabad yard is 1,000 feet only, which was completed
on 18th May, 1865, and all trains ran over it till the opening of the Jumna
bridge, since when only the Fort Branch trains have run over until a few
days ago.

The plate-layer informed me this morning that, after it was finished, it
cost not more than half the labor of the other road to maintain, and for the

two months nothing has been done to it. The length over the Jumna
idge stands admirably over the girders, the angle-irons, instead of being
supported on ballast, rest on sleepers laid longitudinally.

The length from the Jumna bridge to the Allahabad Station yard was
laid chiefly on new high bank during the last rains. The bank beds yield-
ed, but the road has been kept in very good order, theugh, of course, not
with so good a top as it will have when the bank ceases to subside.

The 1} mile laid between Ghazeeabad and Dehli, about 4 miles from
the latter, has been laid and run over for more than a year and a half,
stands exceedingly well, forms a very smooth road, and is remarkably free
from noise.

The advantages of this road are first, that it contains no perishable parts
except the hard wood packing, a trifle in itself, which can be re-placed
without disturbing the road.

Secondly, its great strength and stiffness, forming as it does a beam 9
inches deep, and 11 inches broad.

Thirdly, its great hold of the ballast, the central web being 54 inches
deep, which keeps it firmly in line even in curves.
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Fourthly, the facility afforded for packing without opening out the
road as is necessary with the sleeper road; and

Fifthly, the diminished depth of ballast required, owing to the bearing
surface being only 3 inches below rails.*

When I first drew out the design in 1860, the comparative estimate
showed an excess cost at Allahabad, as compared with the ordinary cross
sleeper road, of £158 per mile. In that estimate, sleepers were taken
at Rs. 4 each, and carriage from Calcutta to Allahabad at £3 per ton.

Since that date, the price of sleepers has risen, and first class sleepers
are now Rs. 5.

I append statement of present comparative cost, taking sleepers at
Rs. 5, and carriage from Calcutta to Allahabad at Rs. 18 per ton,—our
present rates.

This shows that at late rates the wrought-iron road is in Calcutta ab-
solutely cheaper than the cross sleeper road by £93 per mile, and that at
_Allahabad it exceeds the cross sleeper road by only £34 per mile-—a
practical equality.

The alterations I now propose from that sent out are trifling—

1st.—I had intended, but did not sufficiently clearly specify, that
the elliptical bolt-holes for expansion should be in the rails,
and that holes in the top table of the angle-iron should be
punched heart-shaped with a shank on the bolt to prevent
turning while tightening up; they were sent out with
round holes in rails, and elliptical in angle-irons.

2nd.—1I have found it advisable to rivet instead of bolting the angle-
irons.

3rd.—1 propose to slightly deepen the cross-ties, leaving the breadth
as at present.

I strongly advise that all future permanent way material got out for
doubling the line in the North Western Provinces be of this design.

& The consideration which determines the full depth of ballast required is the thickness provided
below the bearing surface; this is fixed on our line at 14 inches in the sleeper road : the bearing
surface is 13 inches below surface of rails, and the ballast is boxed up to within 8 inches of rail
surface (giving a total depth of 2 feet), to preecrve the sleepers from exposure, and to secure the road
from lateral motion.

In the wrought-iron road, the bearing surface is only 4 inches (instead of 18 inches as in & sleeper
road) below surface of rails, thua effecting a clear saving of 9 inches, leaving the same depth below
bearing surface.

The stability from lsteral motion in the wrought-fron road is effectually secured by the decp angle-
irons which have a 6-inch hold in the ballast.
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Comparative estimate of Wrought-iron road and Cross Sleeper road.

Quantities. Description of Material. Rate. | Amount. Total.
Sleeper Road. £ sd)] £ sd| £ sd

115 | Tons. Ra.ils, 73 Ma., ... .. | 7100 862 10 0
86 » oor .o .| 4 00 140 00
b ”» Fuh-plates | 8 00 40 00
1l , | » bolts, .. .. ..|2 00 25 00
8 ”» Spikes, ... ..|11100] 84100
3,200 | No. Keys, per 1,000,... .. .| 5 50| 16160
1,118 16 0
160 | Tons. | Carriage to Calcutta, ... | 2 00| 820 00
1,488 16 0
1,600 | No. | Sleepers,... . w. .| 0100 800 00
Total cost in Calcutta, .. 2,238 16 0

160 | Tons. | Carriage to Allahabad (exclndmg
sleepers), | 1160/ 288 00

2,526 16 0
Wrought-iron Road.
110 | Tons. | Rails, 70Ms., ... .. .| 7100 825 00
10| Angle—u'on, 70 Bs, ... .| 8 00/ 80 00
7| . | Tie-bars, e e | 9 00 68 00
4| , | Bolts and nveta, e e |20 00 80 00
1,848 00
281 | Tons. | Carriage to Calcutta, ... .| 2 00| 462 00
880 | c. ft. | Hard-wood packing, ... ..| 0 60 99 00
J 2,409 0 0
Deduct 9 mches degth of ballas
road = 66,000 cubic feet ...| 0 8 0] 264 0 0
Total cost in Calcutta, ... 2,145 00
281 | Tons. | Carwriage to Allahabad,... we| 116 0| 415 16 0
2,660 16 0

In a subsequent note to the Editor, Mr. Sibley remarks :—

There is no analogy between the conditions obtaining in Egypt and
those affecting our lines in Bengal. Egypt is practically a rainless coun-
try, where one half of the road is laid without ballast, in the alluvium of
the Delta, and the other half on the fine gravel of the deserts.

The first course is impracticable in a country with tropical rains, and

n this country (Bengal) we have no ballast at all resembling desert
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gravel. Had we ballast similar to sharp Thames sand ; so clear as not to
bind and so heavy as not to be washed out by the rains, our bowl road would
no doubt show a different result.

The Mooltan line runs through a country of exceedingly light rain-fall,
and carries a traffic of something less than £9 per mile per week; for
such a line bowls may stand, but you will observe that though they give
the number taken out of the road, they do not state that they have counted
the number of broken ones in the road.

Our bowls weigh 26 to the ton, and cost in England £4 per ton ; freight,
&c., £2; cost in Calcutta, £6 per ton; cost of a pair—

One-thirteenth of Rs. 66 = . .81 8
Add 5 per cent for breakage, . . . .0 40
Tie bars 3338, - . . . . . 011 0
6 0 8
Deduct cost in Calcutta 33 of aton at 66, 2 chairs, 1 60
4 spikes, 060
2 keys, 020
Total, . 114 0

Balance, 4 2 8

Ours you will observe weigh only 160 fhs. the pair, the Calcutta and
8. E. weigh 210 ; so that the pair cost them about Rs. 5-4.

The only general concord of opinions is that the road should be an iron
one; of the superiority of wrought-iron over cast-iron for a country like
India, where the cost of carriage forms so large a portion of ultimate cost,
there can to my mind be no possible question.

The only question remaining is the form of wrought-iron road. Of
course I may be blinded to the defects of my own invention, but I believe
it to be the best yet devised. I understand that Mr. Power considers it too
light ; it is not stated how ; but seeing that it is vertically, much stronger,
and laterally 10 times stronger than the double-headed rail, I do not think
much of that objection.” The only objection that the plate-layers make to
it is, that it is difficult to “slue” over; this, though an objection during the
first year, when the new banks are settling out of line, is an advantage for
ever afterwards; the same qualities, lateral stiffness, and hold of the ballast,
preventing its getting out of line.
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No. CXXXIV.

FLOODS ON THE EAST INDIAN RAILWAY.

From W. D. Latimer, Bsq., District Engincer, to Chicf Engincer.
—Dated 18tk August, 1866.

®

Ix compliance with your letter calling for information respecting the
nature of bridge foundations, and generally as to the effect of the flood
of the 1st July last, on the bridges and works of the district, I beg
leave to submit the following Memoranda.

On the night of the 30th June, heavy rain set in about 10 o’clock,
and continued throughout the night without intermission. The down-
pour was 8o incessant, that I was prepared to hear of heavy floods next
morning. I was, however, startled to find the low country completely
under water: and in the station the water was running between the
platform walls in a deep and rapid current, the water being as high as
the horn plates of the carriages of the Up-Mail Train when it passed
at 4 o’clock on the morning of the 1st July.

‘Whilst waiting for an engine to be got ready, I received a telegram
from the Permanent-Way Inspector at Ahmoodpoor, informing me of &
part of the bank near the down distant signal having sunk: in the
same telegram he mentioned that the Buckasore Nullah was bank high,
a8 it would be in an ordinary. flood.

1s¢ July.—The engine with material train being got ready, I left to
make an inspection of the line and works, before any traffic trains could
pass over, the Station Masters being warned that trains were to be
detained until advised by me.

The first place where I felt any reason to be alarmed for abndge

VOL. 1V. K
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was at the 129} mile;—a small bridge of three 12-feet openings be-
tween the Garmorah bridge of three 60 feet spans (girder), and the
Chilla of three spans of 60 feet ; the small bridge being nearly midway
between, is built in lower ground than the larger ones, and there was,
in consequence an undue pressure upon it, 80 much so that 1 really
feared it could not withstand very long, certainly not at the highest
water; but, as the flood was then falling rapidly, I had hopes that
nothing serious would result.

The next place where the ffood was above ordinary height was at the
Dwarka, where it had risen higher than any record of it since 1862.
On this occasion it was 6 feet higher, at the same time passing off both
in the main channel, and through the auxiliary flood openings, without
apparently any great risk to the works.

The next place where an extraordinary heavy flood was running was
at the Mooneecandour bridge, where there has not been even what might
be considered an ordinary discharge of water since that recorded by Mr.
Perry when the works were in progress in 1855, when Mr. Perry wisely
proposed having the embankment raised, and the intended water-way
increased.

Again, at the bridges between the Mooneecandour and the canal, the
flood was unusually high, but not sufficiently so at the bridges to
cause any alarm for their safety ; nor at that of the canal bridge where
it was discharging with a considerable head without any apparent risk.

At the More bridge the flood was excessively high ; the head of water
was fully 4 feeb on the cut-waters, and more at the double piers, but
there was no injury being done, and nothing on Sunday, the 1st, to
cause me any fear for the bridge or works.

On my way down I had a message saying something had gone wrong
at Buckasore bridge. On reaching the place I found the parapet and
No. 4 pier from south abutment had sunk, showing a depreesion of 5}
inches on the east side only ; the other portions of the bridge being to
all appearance sound and secure. The No. 7 Up-Passenger Train was
then due ; but, in consequence of the flood, it was stopped on the south
side and sent back to Burdwan. The bank behind the south abutment
was at the time cutting ; but as the flood had subsided some 8 feet, I
was of opinion it bad done its worst, and, after waiting to a late hour,
I left the place to again examine the bridges I have remarked upon as
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being surcharged, and to make enquires and examine the bridges north
of Rampoor Haut.

Before I had returned many hours to Rampoor Haut, I had a mes-
sage that the west side of Buckasore bridge had fallen over, On that
side there was no apparent failure whatever up to the time I left it late
on Sunday afternoon.

2ad July.—On Monday morning, the 2nd July, having ascertained
there was nothing to fear north of Rampoor haut, I resumed my exa-
mination of the bridges south, where I was accompanined by Mr.
Sibley, who was en route to Calcutta by Sunday’s train.

The telegraphic communication was interrupted between Rampoor
and Cynthea. On our way down, we supported and put the wires
right at several places where they had given way. At the River More
the flood was still within about 4 feet of its highest; and although
there had been a tendency to cut the embankment behind the northern
abutment, it bad apparently ceased: the stream returning from below
the bridge, through the 1st and 2nd arches north, set in an opposite
direction away from the Railway embankment in such a course as not
to excite any fears for the result.

On proceeding downwards to Ahmoodpoor, the water had gone down
in all the streams, leaving only slight traces of injury at some of the
bridges. At the 112th mile a bridge of four 15-feet spans had the pro-
tective brick flooring washed away, as also some earth from the wing-
walls.

On reaching the Buckasore, it was in the state I had been advised
by telegram ; the greater part of the west half of the bridge baving
fallen over entirely, or inclined to the up-stream side. A breach of 126
feet was made through the embankment, 15 feet in height, behind the
south abutment, and the river bank at the place was scoured out to a
depth of 38 feet below surface of ground, or 48 feet below rail level.
The rails across the breach were suspended in mid-air with the sleepers
attached : the communication was entirely cut off, except by that means.
In order to make it passable I sent the train back to Rampoor Haut
for a supply of planking and material required to get the Bombay Ex-
press Mail forwarded. The train on going back found the flood at the
More had risen some 5 feet from the time I had passed down in the
morning ; the direction of the current had entirely changed: setting
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against the northern bank, it cut away and scoured out in the course
of two or three hours, the natural bank of the river on both sides of
the Railway; the whole volume of flood water then passing through
the side cuttings, and overflowing the face of the country, until it
found a vent through the canal and other bridges between the River

More and Mooneecandour bridge of forty-five 15-feet openings, 1

miles distant from the More bridge, and at right angles to its natural

course.

The embankment, 25 feet in height, behind the north abutment of
the More bridge, was cut under the rails for a length of 105 feet ; the
rails and sleepers left hanging as described at the Buckasore bridge.
At the More, the embankment was only cut through three-fourths of
its width, with an additional length of 200 feet of cess and slope
washed away. .

The engine and train returning to Rampoor Haut got over the
bridge and the embankment before it was breached, but unfortunately
it could not get back again: and, in consequence of the Copai bridge
about the same time showing indications of failure, we were left with-
out engine power between the 101} miles and the 119th mile,—a dis-
tance of 174 miles: the only means of communication over the length
was by trolly, by which conveyance the mails were forwarded.

The flood water at the More, Buckasore, and Copai rivers kept at
such a height on Tuesday the 8rd, as to seriously interfere with any
work towards repairing the heavy damage at the bridges: the first at-
tempt was made at the river More, where it was an object to get an
engine over the bridge to re-open the communication as far as the Bucka-
sore, a distance of 11 miles. In consequence of the height of the water,
earth-work was of no avail on the first day: the bottom and deep scour
had first to be filled with heavy stone and masses of brick-work ; the
former was only obtainable at Koolapahar and Seetapahar, 71 miles

. distant. All available labor, with as many trains as engine power
could be supplied for were engaged tn leading and bringing material for
filling in the breach. The distance and consequent delay in getting
material to the place was equal to a day’s loss of time. On Wednes-
day, the underseat of the embankment was sufficiently advanced with
ballast filling to admit of earth filling being used. The embankment
was in consequence made to its full height, and wide enough on the
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evening of Wednesday, the 4th, to pass an engine with a loaded train of
ballast over the breach at 8 o’clock ».M.

This difficulty, being passed, reduced the interruption to engine
traffic to 6} riles, with the additional advantage of being able to lead
stone and material to Buckasore bridge, where no earthwork could be
done in the breach and stream, without first checking its force by a
barrier of stone and heavy ballast.

6th July—On Thursday, the 5th, the flood-water had considerably
rubsided ; and, with the aid of stone, as before-mentioned, the current
was sufficiently controlled to admit of an attempt being made to stop
the breach by earth filling, at which over 2,500 coolies were employed.

The work of making a new road over the east side or half of tbe
bridge left standing was at the same time being carried out:—the bal-
last was all removed, first to allow of clay puddling being introduced
over the crowns of the arches; brick spandril walls being built to sup-
port the strong framing of longitudinal balk timbers being laid over the
bridge to which the cross sleepers are bolted, the rails and road being
thus continuously supported.

On and from the 4th, the passenger carriages were hand-shunted
by coolies over the length between Copai and Buckasore, where they
changed trains. The work at the bridge and breach in the embank-
ment was continued; the traffic being worked as described up to
Tuesday, the 9th, when the down-train was pushed over the new road
made over the east side of the Buckasore bridge, and the breach in
the embankment filled in. After which the engine was taken over,
following up the hand-shunted train in its slow progress; in a short
distance it was overtaken and pushed on to the Copai bridge. The
engine being kept between .he two bridges, for which sidings were
put in at each place, the great delay to traffic was thus overcome on
the 9th, when the up and down-trains were passed over the bridges
with only a delay at each place in hand-shunting of from 10 to 15
minutes.

On the morning of the 10th, a second engine was taken over Bucka-
sore bridge, and on the 11th, a third one was brought over to re-place
the first one, a passenger engine, considered too light for goods traffic.

From that date (the 11th) the goods traffic might have been resumed -
over the entire district, and worked as it has been since the 15th
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without any delay or interruption to the ordinary traffic trains, as has
been since proved by extra trains being passed on the first two or
three days, to clear off coal and other trains detained at stations on
the 1st of July.

Similar work to that described at Buckasore was being carried on
at Copai, where a new road was laid on timber framing, by which the
traffic will be carried over on the east side of the bridge.

‘When that work is completed, and the arches are supported by
centres, as is being done both at Copai and Buckasore, the engines
and traffic will work over both of them as heretofore. The work of
bringing stone and ballast to Copai was undertaken by Mr. Cockburn:
the communication being cut off from the north, no material could be
sent to it from this side.

In giving an opinion on the course of the disaster at Copai and
Buckasore bridges, there can be no question as to the extraordinary
beight of the late flood and its sudden rise. "We have evidence of the
height being greater than any flood since 1833 in the district westward
of the Railway. At the Railway itself, the only record we have of any
flood approaching the last one is that of 1862, when the water was at
the Buckasore bridge as follows :—

+  Up-stream side from rail level .. . o . . 9-25
Down ditto ditto . . . . . . 11-26

Showing a head of .. o o 200

In the late flood, the surface of water above bridge was—

Below rail level .. . .o . .o . . 409
Below bridge from rail level .. . o . v 934

Showing a head of .. . . 525

At Copai bridge, the difference between the two floods was even
greater than that of Buckasore.

In the face of such evidence, the proximate cause of failure must be
attributed to insufficient water-way. There is, however, another ele-
ment of failure I would refer to, that is, in the coffer blocks sunk
under the arches at Copai and Buckasore bridges. The blocks are
bailt 16 feet from clay strata to dry-weather bed of nullah. The resis-
tance of such a mass of solid masonry opposed to a depth of 40 feet of
flood-water, running at a velocity due to a head of 5 feet 3 inches at
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the Buckasore bridge, and that of 4 feet 5% inches at the Copai bridge,
where there was a similar obstruction, must not alone have acted in-
juriously, but may have been directly the cause of the two bridges
failing.

‘Without such an obstruction as that offered by coffer blocks, the
effect might have been reduced to a scour, even as deep as the clay
bottom, without further affecting the stability of either of the bridges.

I am strengthened in the foregoing remarks concerning the two
bridges, Copai and Buckasore, by my experience of the results at
other bridges where no similar obstruction exists in the bed of the
streams, and where, in many instances, the bridges were subjected to
an equally severe test, without leaving any indication of failure after
the floods had subsided.

Fyrom J. F. Cockburn, Eeq., District Engineer, to Ohief Engineer, E.
1. R.—Dated 18th July, 1868.

Having now had time to examine the bridges between the Junction
and Bhulpoor with some degree of care, I beg to report briefly the
effect of the flood upon them :—

Khurry Nullah Bridge, nine 24-feet arches at 78} miles, platforms
and drop-walls both sides, and convexr wing-walls supporting slopes at
abutmonts, with slopes of ballast and turfed earth in front of them, and
continued through against the abutments.—In putting in the protective
works here, the water-way was nearly doubled, and the channel of the
river above and below the bridge was widened and straightened.

I also put cut-waters to the up-stream ends of the piers: the flood
here rose to springing, or 8 feet higher than I had known it before,
with a strong current, but has not done the slightest damage to the
bridge, protective works, or slopes.

Two scts, each of tem 15:feet arches, at 85 and 86 miles, splayed wing-
walls ; the latter set protected with platforms and drop-walls.—There was
a great deal of water here, but very little stream ; no damage has oc-
curred.

Fifteon 12.feet arches at 87} miles, concave wing-walls, platforms, and
drop-walls.—This bridge carries the surplus flood-water of the Koonoor.

There was a strong rush through it, but no damage has been done
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beyond the cutting out of a piece of the bank behind each of the up-
stream wings, which holes have now been re-filled with large ballast.

Koonoor Nullah Bridge, seven 20-feet arches at 88 miles, platforms and
drop-walls on up-stream side, with convex wing-walls supporting slopes
also on the up-side ; the southern one flush with the abutment, and north-
ern one flush with the first pier.—The flood here was up to within 3
feet of the soffit of the arches with a very strong stream. The earthen
slopes in front of the wing-walls, &c., carried through the abutments,
have been almost entirely washed away, but the walls have stood well :
the platform is about 7 feet below the head of the channel, and in for-
mer years the hollow had silted up flush with the bed. This has scoured
out down to within 2 or 3 feet of the platform, but not lower. The
slopes above the tops of the wing-walls have been a good deal cut away,
and a hole has scoured down behind the northern wing-wall, but not
to any serious depth. This and the slopes are now being filled up with
ballast, and the best plan will be to pitch them with pucka brick-work
up to the level of the soffit of the arches.

Ten 12-feet arches at 89 miles,—no protective works.—Here the Ad-
jai water was running back from east to west into the Koonoor flood
with a moderately strong stream, but no scour or damage has taken
place.

Five 10-fect arches at 92 miles,—no protective works.—Deep scour
both above and below the bridge, down to below the foundation, but,
as far as I have yet been able to ascertain, not underneath it. Assoon
as I have settled this point with certainty, which I hope to do to-mor-
row, I shall fill wp the scoured holes with large ballast.

Three 10-feet arches at 93 miles (Beddiah Station ).—This is the
bridge which fell. I am baving the water baled out in order to examine
the foundation, and will then send full particulars.

Two sets, each of three 10-feet arches, just above Beddiah Station.—
At the latter of these, there is deep scour, but, so far as I have yet
been able to ascertain, not under the foundation. '

Through all these four sets of 10-feet arches there was a very violent
rush of water.

Ten 20-feet arches at 94} miles, platforms, drop-walls, and pitching
2o slopes on both sides of bridge.—On the up-side, the lower part of the
pitching was pucka: the upper 5 feet kucha-pucka: this latter portion
has entirely gone, but the lower pucka portion is intact. Platform
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and drop-walls sound, and the scour in front of the drop-wall nowhere
more than about 2 feet below top of platform (all the drop-walls here
and elsewhere are 6 feet deep‘).. The slopes above top of pitching have
been a good deal cut away, but not dangerously. Down-stream side no
damage.

Ten 20-feet arches at 943 miles, protective platforms, drop-walls, and
pitched slopes (all pucka) on both sides of bridge—At this bridge,
the rush of water was even more violent than at the last. There
were long rolling waves of considerable height opposite the centre
arches, and a large curling wave at the south-west corner. The
effect of the latter was to scour out a hole 20 feet diameter and 8
feet deep ; but except this, there is no scour much below the top of
the platform and drop-walls. Both these are quite perfect all along :
at the south-west corner, a portion of the slope, and a emall bit of
the upper outer corner of the pitching, have been carried away : the
rest is perfect; at the north-west corner of the bridge, a very large
piece of the slope has been washed out, forming a nearly perpendicular
face at the end of the abutment wall, and all the upper part of the
pitching has gone. The lower part, however, where it joins the plat-
form, has remained unmoved, and a good deal of the upper part has
fallen down behind it in large masses, which have formed a support to
the foot of the remains of the slope, and a protective cover to the end
of the platform. I propose at this bridge, and the last, to fill up the
slopes with large stone rubble and ballast, and partially to re-build the
pucka pitching. Down-stream side no damage.

The Adjai bridge has suffered no damage.

Three 20-foet arches at 95% miles, platforms, drop-walls, and pitching
to slopes both sides.—Here also the upper part of the pitching was
kucha-pucka, but the whole of it has stood uninjured, though there
was a very strong rush of water through the bridge.

Three 28-feet girder openings at 964 miles, splayed wing-walls, plat-
Jorms, and drop-walls to centre opening and half of each side ditto, with
retaining walls to support road-way.—There has been some scour at
the corners of the wing-walls and retaining walls, but not serious.

At this, and the last bridge, I have not yet had time to sound the
platforms, but will do so as soon as possible. I have, however, every
reason to suppose that they have stood as well as the others.

VOL. TV. L
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From 8. Power, Esq., Okief Engineer, E. 1. R. Lower Division,
to Chairman, Board of Agency, E. 1. R.—Dated 28th August, 1866.

This office letter of 7th July, described the failure of the Buckasore,
Copai, and Beddiah Bridges on the lst July, and the consequent
stoppage of the traffic; also the remedial measures which were at once
adopted, and by means of which the passenger traffic was re-opened on
the 10th July, and the goods traffic a few days later.

In compliance with the wishes of the Government of India, the
accompanying drawings and the Reports of Messrs. Cockburn and
Latimer are now submitted. They exhibit and describe in detail the
structure of these bridges, and the injuries which they have sustained ;
the remedial measures which have been extensively adopted with suc-
cess, and those which have been tried in a few cases, and have failed ;
and also the proposed improvements.

There is also appended a Tabular Statement which shows the areas
of the basins drained by the great rivers and their tributaries which
are crossed by this Railway: the water-way afforded by the existing
bridges, and the velocity with which the water must have passed
through them, assuming that they have, during recorded floods, dis-
charged a rain-fall of half an inch per hour; this being half the quantity
which was ascertained by Mr. Levinge’s careful experiment, to have
fallen in the basin of the Gerooah during the great flood of 1861.
No other trustworthy record of the rain-fall has been kept by the
Railway Officers.

The cause of the failure of the bridges must now be considered.

It might have been a defect in construction or in design, a deficiency
of water-way, or insufficient depth of foundation.

It did not arise from any defect of construction, because both work-
manship and materials are indisputably excellent; nor from a faulty
design, because the general plan is perfect of its kind, and that which
has been almost universally adopted with success.

1t must, therefore, have arisen from a deficiency of the water-way, or
from the insufficient depth of the foundations.

A sufficiency of water-way is generally supposed to include the fol-
lowing conditions :—

1st.—That the floods shall not rise above the embankments.
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2ad.—That the extent of inundated land shall not be injuriously
increased.

3rd.—That the velocity of the water passing through the bridges
shall not be so great as to scour away the clay or other
material on which their foundations rest.

If this definition be assumed to be correct, it must at once be admit-
ted that the failure was caused by the non-fulfilment of the third con-
dition, because the clay was certainly scoured from beneath the piers,
which settled or fell when the ground on which they rested was carried
away ; and, moreover, it is shown by the annexed Tabular Statement,
that the velocity of the water from a rain-fall of half-an-inch, must
necessarily have been such as to produce this effect, being nearly five
times that which most recent and careful observations show to be the
safe velocity, viz., 2} feet; and finally, it is shown by the levels since
taken by Mr. Latimer, that the head of water exceeded 5 feet, which
must have produced a velocity of 16 feet per second.

It is scarcely necessary to point out that this investigation entirely
confirms the truth of Mr. Turnbull’s opinion, that the water-way was
insufficient, and that every addition to it must have increased the
chances of safety.

But unhappily the enquiry also proves that the deficiency is so great
that no moderate addition to the bridges will insure, or, perhaps, on
the whole, appreciably increase their safety; and that, although for
several reasons, a large addition to the water-way will, in many parti-
cular places, be advisable, the chief remedy for the dangerous condition
of the bridges must be sought,—not in this extension alone,—but in
rendering them, as nearly as practicable, safe from the effects of the
most violent scour.

4th—The insufficient depth of the foundations is another cause
which has to be considered.

The surface of the clay, which underlies the sand or silt in the beds
of these rivers, appears to have been assumed to be the limit of the
scour, because the latter (viz., the sand or silt) was probably deposited
by one flood, and liable to be removed by another; while the surface
of the clay had not been disturbed, and therefore, marked with cer-
tainty the limit below which the scour of the rivers had not formerly
extended. But any departure from the normal condition of the drain- -
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age must alter this limit, and when the Railway bank was constructed,
and all the rain-fall was forced to pass through the bridges, instead of
flowing over the ground, the surface of the clay ceased to.be the limit
of the scour, or the safe depth of foundations.

It would, of course, be possible to calculate approximately the addi-
tional depth to which the foundations should be sunk, i. e., that to
which the river channels must be deepened, in order that they may be
enabled to carry, with a given velocity, the additional water forced
through them by dams across the valleys; but, as sinking blocks into
the clay was almost impracticable with the implements formerly in use,
it is useless to enter further into this matter. The best remedies for
the erxisting evils form a far more important subject of consideration,
and they must now be discussed.

In consequence of the excessive quantity of water which has to be
discharged through the bridges on this Railway, their position has
become somewhat similar to that of canal locks, and the means which
have always been found adequate for the security of the latter will
certainly be found efficacious in protecting the former: these means
are a flooring, which cannot be injured by any possible velocity with
which the water can move over it, and the prevention of the passage
of water under the flooring, or behind the walls of the lock-chamber
or sluices, by means of sheet-piling, or their more permanent, but
less effective, substitute, drop-walls, sunk to a sufficient depth in the
clay.

In bridges having inverts resting on the clay, this method of protec-
tion (viz., a solid flooring and drop-wall) has been easily applied, and
has been perfectly successful, except in the case of a small bridge at
the 109th mile, where the drop-walls were sunk only 4 feet. But although
thus far successful, it exhibits defects which require attention; they
are,—the insufficient width of the aprons, the insufficient depth of the
drop-walls, and the want of adequate protection behind the wing-walls
and abutments. In reference to the first, it was formerly observed that
the eddies by which the foundations of the bridges are generally damag-
ed, have been usually produced elose to the upper-faces of the bridges.
Major Hovenden and I had an opportunity of seeing that the sod cover-
ing the surface of the ground had not been disturbed at a distance of
10 feet from the face of the Beddiah bridge, which was, nevertheless,
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so completely undermined, that it dropped into a hole scoured under
its bottom. On account of the narrow limit within which the scour
thus appeared to be confined, the aprons have hitherto been made only
15 feet wide. No mischief has as yet been caused by this limit—no
invert bridge, protected in this manner having been damaged ; it was,
however, I now think injudicious economy on my part, and the aprons
should extend to the foot of the slope, and the drop-walls should be
sunk to a greater depth (10 feet) where practicable. Moreover, the
wing-walls have not in all cases been underpinned to the same depth as
the drop-walls; this should now be dome in every case, and the bank
behind the wing-walls, and for some distance beyond them, should be
covered by a solid pavement. These additional precautions will add
much to the security of bridges having inverts or floors.

The block bridges and others without floors present far greater diffi-
culty : the Copai and Buckasore belong to this class. In Plate IX., is
shown the method of protection tried at Buckasore and other bridges of
this class: it fails altogether to prevent the passage of water beneath
the platform. Before a trial of this plan was decided upon, an estimate
was made of the cost of enclosing the bridge by sheet piling, as shown
in Plate VIIL. ; but this latter design was necessarily abandoned, as the
cost was prohibitory in the then existing condition of the Railway; and,
indeed, it would rarely be expedient, as a new and better bridge would
be far less expensive.

The conclusions to be drawn from the foregoing considerations appear
to be these :—

1s2.—All the bridges on the Railway should be secured as quickly
as possible without waiting for any evidence of scour.

2nd.—The aprons and drop-walls shown in drawings, with adequate
protection to the wings, will add much to the security of
bridges having inverts and floors which are accessible.

3rd.—An attempt must be made to remove the water from the
foundations of all the bridges without flooring, and to
protect them also by flooring, aprons and drop-walls sunk
at least 6 feet into the clay. "When this is found imprac-
ticable, as appeared to be the case at Buckasore, the sheet-
piling shown in Plate VIII., must be adopted as the last
and unfailing resource.
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4th.—No decision respecting the exact treatment of the Copai and
Buckasore bridges can be arrived at until the dry season,
when all available pumping power must be employed to
remove the water from their foundations, repair them if
practicable, and secure them with flooring, aprons, and
drop-walls sunk into the clay. If this be impracticable,
or the state of the piers should not warrant the retention
of these bridges, new bridges must be erected.

6¢th.—The water-way must be increased in many places as an ad-
junct to the protective measures.
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No. CXXXYV.
GRAND RIVER VIADUCT—MAURITIUS.

Abridged from the Minutes of Proceedings of the Tustitution of Givil
Engineers for 1865-66. By WiLLiam RipLey.

Tre viaduct to be described in this Paper was erected over the Grand
River Ravine, on the Midland line of the Mauritius Railways. It was
designed by Mr. Hawkshaw, the Consulting Engineer to the Government
of Mauritius, and was constructed by Messrs. Thomas Brassey and Co.,
the Contractors for the above-named railways, under the superintendence
of Mr. Longridge (M. Inst. C.E.), their Agent in the Mauritius.

The total span of the viaduct, from abutment to abutment, is 620 feet,
and this distance is divided into five openings of 116 feet each in the clear.
The height from the surface of the water to the level of the rails is 129
feet 9 inches. Plate X., Fig 1.

Each pier is composed of two cast-iron cylinders, each 10 feet in diame-
ter, resting on masonry foundations, and filled with concrete. The method
of constructing the piers is shown in Plate X. Cylindric rings, 9 feet
high, were divided into five segments each, and were bolted together by in-
ternal flanges. The horizontal joints were * rusted up” with iron cement,
well beaten in.

The works were commenced May 4th, 1863. The abutment on the
Port Louis side was built upon hard tufa, and contains 370 cubic yards
of masonry. No. 1 pier was commenced in July 1863, upon a rock pro-
jecting on the side of the ravine. The part upon which the pier stands
was truly levelled, and the rock well faced up with masonry set in cement,
The total amount of masonry in this pier is 92 cubic yards. During the
excavation for the foundation of No. 2 pier, considerable trouble was caus-
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ed, owing to the pier being situated close to the edge of the river, and
from the nature of the ground, which consisted of large boulders and fine
river gravel, the water freely percolating on all sides of the excavation.
This foundation was commenced August 8th, 1863, and was completed Sep-
tember 31st in the same year. At first it was thought, that the water might
be kept out by a series of dams [Plate X., Fig. 4], and with that view a
mass of stiff red clay was thrown into the river, and piles were driven as far
down as possible, at intervals of about 18 inches; and in front of these were
placed a waling piece and sheet piles. 'When the work was so far completed,
a similar row of piles was introduced at a distance of 3 feet 6 inches from
the former, the space between the two rows being well puddled, and made as
water-tight as possible. The excavation was then continued, and a third and
a fourth row of piles were driven, and the excavation again carried down.
It was intended, had it proved practicable, to proceed in this manner,
placing each dam successively lower than the one in front of it, until
the required depth was arrived at. This method proved insufficient, for
although the water was, to a great extent, prevented passing through the
dams, yet it found its way through the bottom in such quantities, that the
employment: of steam power became necessary. A centrifugal pump, on
Woodford’s plan, was now introduced, and was worked by an engine of 14
horse-power. When the excavation had reached a depth of 5 feet below the
level of the river, the water increased so much, that another similar pump
was placed by the side of the first, and in order to render the working of
the pumps more effectual, the four straight discharge-pipes, of 4 inches in
diameter, were widened out at the discharge ends to a diameter of 8%
inches, giving together an area of 224 square inches. The effect of this al-
teration was, that nearly twice the amount of water was discharged. The
pulley sheaves fixed on the spindles of the pumps were 18 inches in dia-
meter, and were rotated by belts passing over the fly-wheels of the engine,
which were each 5 feet in diameter. The number of revolutions made by
the pumps was 300 per minute, and the amount of water discharged by the
two pumps (after the pipes had been widened out) was nearly 8,000 gal-
lons per minute, or 8 cubic feet per second. [Plate X., Figs. 5 and 6.]
It was next resolved that the foundations should be laid in blocks of
concrete, and that sufficient excavation for one block only should be taken
out at a time. The bed of the river adjatent to the pier was of the same
material as that which had been excavated—that is to say, it was composed
VOL. IV, M
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of boulders and gravel; and the river just opposite to the pier was 20
feet deep. Hence, and from the general appearance of the neighbouring
ground, it was conjectured that it would be useless to attempt to seek for
a foundation upon the solid rock. It was therefore decided, that the
excavation should be continued to a depth of 10 feet below the lowest
water level, and that the bed of the river should be raised with large
stones, 8o as to be from 3 feet to 4 feet under the same level. In justi-
fication of this decision it should be mentioned, that although the depth of
the water immediately opposite the pier was, as before stated, 20 feet, yot
that depth was quite exceptional, and existed only for a short distance
above and below the pier. It was, in fact, a pool of comparatively
stagnant water, and might therefore, safely be filled up, without fear of
increasing the scour in other parts of the river bed.

The excavation for the first block of concrete was carried on and piled as
shown in [Plate X., Fig. 5]. A row of close piling, 8 inches square,
was driven as far as possible. This was a tedious and difficult operation,
from the quantity and size of the boulders, and from the strong springs of
water which came up through the bottom. Owing, however, to the limited
area exposed at one time, and the considerable amount of pumping power,
the piling was at length got down to the full depth, and was shored hori-
zontally in both directions. A waling piece, 12 inches square, was next
bolted to the top, and the whole of the inside of the dam was planked hori-
zontally, and caulked. Drains were cut at the bottom of the excavation to
allow the water to run off to the well sunk for the pumps. Tarpaulins were
laid in the bottom, and for 4 feet up the sides of the excavation, for the
purpose of preventing the numerous springs of water from washing out the
cement, and also to turn the water into the drains leading to the pump-
well. This plan was found to answer, little cement being washed out.
When this block was filled with concrete, a second was excavated and
treated in the same manner, the ‘piles between it and the first block being
drawn as the concrete was put in.

The whole of this foundation was thus successively laid, five blocks of
concrete, each 7 feet deep, and measuring respectively 10 feet by 18, 10
feet by 10, 13 feet by 18, 10 feet by 4 feet, and 10 feet by 4 feet, being
employed. The concrete was composed of Portland cement § parts, sand
6 parts, and broken stone 20 parts. It was laid in layers of 12 inches
thick, well punned down, and after every two or three layers it was grouted
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with cement. Plate X., Fig. 6, shows a section of the excavation, and
the position of the pumps, which were on the site of No. 5 block ot concrete.
This block, which was the last, was not laid until some days after the
others, which were kept dry until well set by working the pumps; when
the latter were removed the space ocoupied by them was filled up with
concrete.  On this bed of concrete, a block of ashlar, 80 feet 6 inches long,
17 feet 6 inches broad, and 8 feet deep was set in cement, the upper sur-
face being carefully chisel-dressed and levelled to receive the sole-plates
of the piers.

The foundation for No. 8 pier was commenced August 5th, and was
completed September 80th, 1868 ; the work being carried on at intervals
only. It was of the same description as that of No. 2 pier. A double-
acting pump, worked by hand, was sufficient to keep the excavation dry.
A bed of concrete, 33 feet by 18 feet by 5 feet thick, was deposited in
layers, and treated in & similar way to that already described, and on this
a slab of ashlar, 1 foot deep, of the same length and breadth as that of No.
2 pier, was set. The concrete in this case was tomposed of 5 parts of
lime, 5 parts of sand, and 20 perts of broken stone.

No. 4 pier was founded upon rock and hard tufa, some little distance up
the side of the ravine; the surface being levelled with cement concrete, on
which, 8 in the other piers, was laid a course of ashlar, 14 inches deep.
This foundation was commenced October 14th, and was completed on the
20th of the same month.

No. 2 abutment contains 650 cubic yards of masonry. It was built
upon hand tufa, and was commenced August 4th, 1863.

The cast-iron cylinders rested on sole-plates, 24 inches thick, which were
bolted together with turned bolts. These were levelled and well beaten in
with iron cement, between the top of the masonry and the underside of the
plates, a8 were also the joints. The lower ring of each cylinder was 2}
inches thick, increased at the bottom edge to 8 inches. The other rings
were only 14 inches thick. After the segments were cast, they were bolted
together in rings, and mounted on a frame, consisting of two large wheels
end a spindle 7 inches in diameter. At first the ring remained fixed,
and the spindle, with an arm 5 feet long, to which was attached the cat-
ting tool, was made to revolve; but this not proving satisfactory, the ring
‘was made to revolve on & new cast-iron hollow shaft 12 inchee in diameter,
whilst the cutting tool remained fixed at the bottom of ¢he frame.
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The segments for the first rings of each pier were lifted into their places
on the works by means of *sheer-legs” and tackle, and in two cases the
second rings also; but afterwards a plan designed by Mr. Longridge, was
used for lifting the remaining rings [ Plate X., Fig. 7]. A mast, 23 feet 8
inches long, with a cross-tree and struts, was mounted on a frame, inside the
cylinder, the frame resting on the flanges of the segments, and being suppor-
ted by small side frames. There was another frame, acting as a guide to the
mast, which passed through it in a collar. At the foot of the mast was &
pivot, which worked in a foot-piece resting on the top of the frame, thus en-
abling it to revolve easily when required. A chain, passing over and lashed
to the cross-tree, was secured at one end to an eye-bolt fixed through one of
the bolt holes in the top flange of the ring already completed, whilst to the
other was lashed a three-sheave block. The segments were then lifted in
the following manner. An eye-bolt and shackle, to which was fixed a two-
sheave block, was fastened through a bolt hole in the top of the segment, a
4}-inch “fall” was passed round these blocks, and led away to a gin crab
fixed in the bottom of the ravine. When it was required to raise the
mast, a light frame holding two sheaves was laid on the top of the ring
just completed, and bolted to its upper flanges; a rope fastened to it passed
down under a sheave fixed for the purpose in the foot of the mast, return-
ing up, and passing over the sheaves of the frame to the crab, and the
mast was thus raised, taking with it its supporting frames, which had been
previously loosened and lashed to the hooks at the sides of the mast; guy
ropes being secured to the top, and gently eased away whilst the mast was
being lifted. The time occupied in raising these masts was about four
hours and a half. In this manner all the piers were erected without a
single accident. The mast was 10 inches square, but tapered and round-
ed at the foot to allow it to turn freely. The cross-tree consisted of two
planks, each 10 inches by 4 inches, and between the planks, and at their
ends, were fixed two sheaves. All the timber work was of teak, and the
mast, complete, weighed about 2 tons.

Eleven pairs of rings were thus lifted on No. 1 pier, thirteen on No. 2,
thirteen on No. 8, and ten on No. 4. The heights to the top of the last
ring on each pier were respectively, 99, 117, 117, and 90 feet, and the
weight of each segment lifted was 32 cwts. Omne set of men in one day
lifted the mast and one complete ring. After the cornice pieces of the
piers were fixed, the masts were removed.
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When the piers were in progress, the most convenient method for filling
them with concrete was considered. Piers Nos. 1 and 4 were filled from
the adjoining abutments ; but at piers Nos. 2 and 3, the concrete was lifted
by means of an endless ladder. This ladder, with its framework, was work-
ed by a small engine of 5 horse-power. A frame was fitted between the
columns of the pier, which were 3 feet 6 inches apart, and upon it was
mounted a drum, 4 feet in diameter, havinge ams round its periphery, which
caught against the links of the ladder and turned it. A cog-wheel fixed
to the spindle of the drum was turned by a pinion on the shaft of the belt
wheel. On the top of the cylinders rested another frame holding a similar
dram, but without cams. The ladder passed over these drums. The links
were each 2 feet long, and were connected together by bolts §ths of an inch
in diameter. At every alternate joint was fixed, by angle pieces and dia-
gonal stays, a light deal shelf, sufficiently large to hold a basket containing
nearly a cubic foot of concrete. The ladder was of iron 1 inch by §ths of
aninch. The concrete in the cylinders consisted of 2 parts of lime, 8 parts
of sand, and 10 of broken stone. When mixed it was put into baskets,
which were carried to the tops of the piers by the ladder, where it was lift-
ed off and thrown into the cylinders, the baskets being returned on the
underside of the ladder shelves. Coe

Piers Nos. 1 and 4 were filled by a different plan. A frame, 3 feet 9
inches high, was fixed on the top of the columns at the far side of the pier;
a similar frame, but 7 feet 6 inches high, was placed on the abutment, and
over these two frames a single contractor’s rail, weighing 23 Ihs. per lineal
yard, was suspended. A box, with a false bottom, was conveyed under
the rail, by a sheave rolling over it. When filled with concrete, the box
was set loose, and travelled along the rail till it arrived over the centre of
the pier. A small line was fixed at the back by which it could be prevent-
ed moving too quickly and striking the frame on the pier. The weight of
the box, when filled, was 84 cwts., and it contained 7 cubic feet. A chain
was fixed from the frame on the pier to the foot of the next pier, to guard
against any undue strain which might be thrown on it from the concrete
box. When the box arrived over the pier, the catch which held up the
bottom was withdrawn, allowing it to fall back upon its hinges, and dis-
charge the contents into the cylinders. The box, when emptied, was drawn
back by the rope attached to it. The average amount of work done daily
in this way was 50 cubic yards, whilst by the endless ladder, at the other
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piers, about 40 cubic yards were deposited, with one hundred men work-
ing at each.

A cylinder, 6 feet long, and 9 inches in diameter, was bedded into the
concrete at the top of each column, to serve as a holding-down bolt for the
bed-plates, which were lifted in pieces, weighing each 2 tons, by a fall fas-
tened to a slight scaffold made of timber 9 inches square ; the ends of the
upright posts fitting into the holding-down cylinders. The bed-plates for
the tops of the piers weighed 16 tons each, complete, and were cast in
eight pieces, bolted together with turned bolts. The upper surfaces upon
which rested the expansion rollers and bearing pieces were planed. The bed-
plates extended across both cylinders, and were 23 feet 6 inches long by 10
feet wide, and 18 inches deep, the thickness of the metal being 24 inches.
These, when in situ, were wedged up to their proper levels, and beaten
in underneath with cement concrete. The concrete was carried up to &
height of 8 inches above the tops of the ¢ylinders, and bore theewhole weight
resting on the piers, the cylinders merely serving the purpose of a casing,
and preventing the concrete from crushing laterally [ Plate XI., F¥g. 11].

It was originally intended to erect the piers in the following manner :—
A length of girders braced together and with roadway plates complete, of
about 300 lineal feet, was to have been built at the proper leyel on the
bank of the ravine, and to have been trussed by a standard and by suspen-
sion chains (Plate X1, Fig. 8), and a jib crane fixed at the end. The girders
were then to have been pushed forward, until the crane commanded the site
of the first pier, when the segments and bed-plates of the piers were to have
been run along the girders on bogies, and have been lowered into their places.
The concrete was in the same way to have been filled in from the top, and
the top bed-plates fixed. Whilst this was in progress, additional lengths
of girders were to have been added on the land end, and as soon as the first
pier was finished, the girders were to have been advanced another span, and
80 on till the whole of the piers were completed. But the girders were not
ready for shipment till many months after the whole of the cast-iron seg-
ments for the piers had arrived in the Mauritius, and thersfore the erection
of the piers was prooeeded with by & separate process, as has already been
described. The girders were sent from England in sections of about 12 feet
long, which on arrival were transported to the Mahébourg side of the ra-
vine, and were riveted together in lengths of from 86 to 48 feet. A gullel,
extending backwards to a distance of about 280 feet was exvavated to the
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level of the abutment ; and it rose at a slope of about 1 in 5 to the forma-
tion level [Fig. 8]. In this gullet the first lengths of the girders were to
be built, and the succeeding sections of 36 or 48 feet were to be brought
down the incline into the gullet and added as the first were pushed forwards.

The arrangement for launching the girders was, however, considerably ,
modified in England. This modification may be described as follows ~—A.
keel plate, 8} inches wide by 1 inch deep was fixed under the centre of
each girder, to which it was fastened by countersunk bolts, and this plate
passed over shallow grooves turned in the tops of rollers, for the purpose of
receiving them, as well as of acting as guides to keep the girders perfectly
straight whilst travelling. The rollers were 7 inches in diameter, and
rested upon bed-plates [ Fig. 9]. On one end of them a ratchet was cast,
and a space was left outside, to receive a cast-iron lever head ; and outside
this again an iron ring was bolted, to prevent the lever head from sliding
off: a similar ring was fastened on the other end of the roller, to prevent
its travelling laterally along its bed-plate. The bed-plates of the rollers
were laid upon and bolted to timbers 8 inches deep by 16 inches broad, the
latter being laid on a course of ashlar masonry. The rollers were placed 86
feet apart, and were turned by levers each 9 feet long, and between them
three lines of rails were laid, upon which a sufficient length of girder for
launching was built. The girders were next lowered down upon the rol-
lers, and the levers fixed in their places; a steel pall was bolted to each
lever head, which worked in the ratchet cast on the roller, and thus cansed
it to rotate. The levers were connected together by a rope, securely lashed
to their top ends; the lever on the abutment being made in the form of
8 bell crank, and the rope passed over the ends of its two arms to the
winches below, placed in front of the abutment; the whole of the levers,
thus connected, worked together simultaneously. The other end of the rope
was attached to a crab, which pulled the levers back again when the stroke
was completed. As the girders were launched, sections, each 36 feet long,
were joined on at the back end.

The launching was commenced on Thursday afternoon, April 18th, 1865,
and the girders were propelled forwards a distance of 2 feet 6 inches, at
the rate of 1 inch per minute. No further attempt at launching was made
until the following Saturday, when the girders were only advanced 1 foot
8 inches, during the whole day. The cause of this failare was due to the
keel-plates rolling out; for a portion, 4 feet in length, was elongated 2
inches, and thus jammed against the roller. At first only three sets of rol-
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lers were laid, [ Fig. 8,] but four more sets were subsequently added. The
length of girder moved, when the launching was first commenced, was 252
feet, and it weighed about 190 tons, including the tension chains and stand-
ards, which trussed the girders during the construction of the piers. One

. of the great difficulties was the irregularity of the underside of the lower
flange of the girder, arising from the cover plates of the joints and the
strengthening plates, and also in some measure from the camber of the gir-
der itself.

‘When the keel plate rolled out, serious doubts were entertained as to the
practicability of launching by rollers, on account of the great friction from
their turning in their bed-plates, and from the probable continuous elonga-~
tion of the keel-plates. To overcome this last objection, it was resolved to
place loose keels under the fixed ones, to keep them off the rollers. These
were made in short lengths of about 4 feet, each 34 inches wide, and vary-
ing in thickness as required by the camber and other irregularities on the
under side of the girders.

On Saturday, April 22nd, another and more successful attempt at
launching was made. The introduction of the short keel-plates was found
to be a great improvement, ample space being thus afforded for their elon-
gation, in case of rolling out. Some were tapered off at one or both ends,
to allow of easy entrance and progress. - The launching commenced at
11-30 .M., and was successfully carried on till 4-15 p.m., the girders being
propelled a distance of 39 feet in the four hours and forty-five minutes.
In addition to the two double-purchase winches working the levers in front
of the abutment, a 9-inch rope, reeved round a pair of three-sheave blocks,
was fixed to the back end of the girder, and was moved by the means
before noticed, the strain being reduced by a smaller set of blocks with a
6-inch fall. The number of men employed was 18 at the winches working
the levers, 18 at the winches hauling the levers back, 28 at the rollers,
following up with the small keel-plates, 14 at the levers, attending to the
palls, &c., and 1 engine driver; in all 79.

On the Saturday following, the girders were launched a further distance
of 40 feet G inches, which was accomplished in five hours; one being spent
in re-adjusting the keel-plates, levers, &c. At each stroke of the levers,
the girders were propelled a distance varying from 3 inches to 4 inches.

On Monday, after another launch of 12 feet was effected, the keel-plates
over the first rollers completely failed, by buckling over. The strain was
very great, for a length of 95 feet of girder was overhanging, whilst the
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rollers were supporting the weight of nearly twice this length. The iron
of the keel-plates was crushed by the weight, the rollers in front surged at
each stroke, and the lever heads broke across the bottom.

The girders had now to be lifted; the damaged keel-plates to be
removed and replaced, as also the broken lever heads. Another attempt
was then made, but with little success, the lever heads again breaking, and
the keels crushing. These were repaired, and on the following day the
girders were propelled 10 feet, after the application of an additional power
of two 8-ton jacks at the back end of the girder, when failure again ensued
from the same causes. In order to relieve, to some extent, the weight on
the first rollers, which were the only ones that failed, 30 permanent way
rails, weighing 5 cwts. each, were placed at right angles, lever-wise under
each girder, as near the rollers as possible. Each of these rails acted with
a force of 15 cwts., and, together, were to a great degree effective. But
still, the launching was unsatisfactory, and was followed by successive
failures and breakages, with the additional failure of the front rollers,
through their ratchets being stripped of nearly all the cogs or teeth. The
girders were, however, finally but with considerable difficulty, landed on
the first pier. The deflection of the end of the girder just before it touched
the pier was 7 inches.

It was now unmistakeably evident, that this mode of launching, simple
and effective as it had appeared to be, and good as it was theoretically, was
practically a failure, and that the original plan must be resorted to. The
following method was now introduced for the portion of the girder resting
on the abutment and in the gullet. Throughout the gullet, and up to
within 5 feet of the face of the abutment, a line of flat-bottomed perma-
nent way, (the underside of the rails being level with the masonry,) was
laid under the centre of each girder, and on longitudinal timbers, resting
on cross-sleepers. At every 12 feet a baulk of timber, 9 inches square,
forming a skid, was placed transversely across the rails; upon these banlks
the girders were wedged up. A thin plate of iron was fixed on the under-
side of each skid, over that part which would besr upon the rails; two
bolts passed through it, the heads being let in flush with the surface of the
top, whilst the nuts, projecting underneath, came close up to the inside
edges of the rails, and acted as guides to keep the girder in line when
travelling. .

‘When the girders were ready to be moved, the rails’ were well greased,

and men were placed at the ends of each skid with sledge-hammers to
VOL. IV. X
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keep striking it to prevent sticking, as well as to assist in starting. The
skids, after arriving successively, gently pressed over the ends of the rails,
dropped, and were removed.

The following was the manner of placing the rollers on the piers. [Figs.
10 and 11.] On the top of the bed-plates, the bearing plates for the per-
manent expension rollers were bolted. These plates were 2} inches thick,
and were tapered off at the ends, to allow the rollers to enter and pass
freely in and out. The latter were linked together, and after travelling
over, the plates were taken out, returned, linked on to the rollers just
entered, and were gradually drawn in under the girders. Short pieces of
keel-plate, in 4 feet lengths, were followed up on the rollers, as the gir-
ders advanced, by men stationed on & scaffold.

On May 15th, everything was again ready to launch; a Zths of an inch
chain, doubled, was secured to the back end of the girders, and passing
over a sheave on the edge of the abutment, was fastened to the blocks
[Fig. 12]. Therope was reeved round a pair of large blocks, that at N being
fastened to the foot of the pier, as shown, and led away again to the smaller
blocks, over which was reeved a 6}-inch fall, leading to the rope roll on the
top of the bank through a snatch-block at F. The chain broke after the
girders had been moved a few inches. This however, was removed and re-
placed by a chain cable 1§ inches thick, and the day following the girder was
launched a further distance of 31 feet 6 inches, when the large block at L
broke. This was soon replaced, and the next day, between 1-15 and 4-30
P.M., the girders were advanced a distance of 62 feet 6 inches. The rate
of travelling was 12 feet every fifteen minutes, when it became necessary
to overhaul the small set of blocks, which occupied twenty minutes each
time.

On Thursday, May 18th, the girders were on No. 3 pier. On the 24th,
No. 2 pier was reached, the greatest distance travelled, as yet, in one day,
being 108 feet in four hours. On Saturday, June 10th, the girders were
landed on the Port Louis abutment, in six hours and twenty minutes, the
entire length of the girders, 630 feet, moving quite easily. Another rope
was secured to the other end of the girders on its reaching No. 1 pier, and
passed round a double purchase winch placed on the Port Louis abutment.
Thus an additional motive power was added and the whole of the launching
was completed most satisfactorily.

The roadway girders, plates and permanent way, were soon and easily
laid; and fourteen days after the launching was finished, trains were run-
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ning over the viaduct. The entire work was completed on Saturday, the
29th of July.

The total weight of the superstructure is 560 tons, of which 142 tons is
the weight of the roadway; and the total weight of iron work in the piers,
including bed-plates, expansion-rollers, &c., is 933 tons.

The total cost of this viaduct was upwards of £30,000, or about £50
per foot forward. The cast-iron columns which were sent from England,
cost, in erecting, about 28s. per ton. The expense of launching the
girders was considerable, owing to the disasters that were, in the first
instance, met with ; it amounted to nearly £5 10s. per ton, including the
riveting up of the sections of the girders, plant, cutting out the gullet
and labor. Had the plan that was subsequently adopted been proceeded
with in the first instance, the launching would probably not have cost more
than £8 10s. ton, as was shown by the fact that one complete span was
launched, with the whole weight moved, in about seven hours, by the
labor of not more than 100 men. The cast-iron columns delivered cost £8
per ton, and the cost of transport to the place was about £1 per ton, which
added to 28s. per ton for erection, made nearly £10 10s. per ton iv place.
The wrought-iron work delivered in the Mauritius cost £16 per ton, £1
per ton transport, and £23 per ton in place. The land carriage was about
4 miles, over some very steep hills.

In all the large bridges on the Madras Railway, the mode of getting the
girders in place was similar to that above described. The spans of the
girders were however less, being 70 feet from centre to centre, while those
of the Grand River Viaduct were 116 feet. The Madras girders were
continuous, principally with the object of getting them into place in this
simple and efficient way ; they were connected in lengths of 140 feet, or
enough to cover two spans, each length consisting of three pieces, one
central piece 36 feet long, and two end pieces, each 52 feetlong. By means
of strong tackle, no difficulty was found in bringing the girders over the
piers by rollers, from one end of the bridge to the other, successively con-
tinuing them, one after the other, till the whole series was completed. In
the first instance, that of the Palar bridge, planks and wooden rollers were
used, and some difficulties were met with in consequence. But by employ-
ing inverted rails fixed to the bottom of the girders, and cast-iron rollers
on the piers, the superstructures of the bridges over the Cavery, Thoota,
and Chey-Air, were erected with perfect success.
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No. CXXXVI.
RAJPOOTANA ROAD SPECIFICATIONS.

General specification for Roads in Rajpootana and the Native States
tn Central India. Drawn up by Masor PoLrLarD, R.E., Super-
intending Engineer.

Preliminary Remarks.—In preparing a scheme of communications, and
opening out a comparatively new and vast tract of country with varied,
and often unprofessional and untrained agency, the necessity of a standard
of reference to ensure uniformity is too obvious to require argument.
Such a standard will save many references, and perchance some misunder-
standings, as to the style of work projected; and the general details will
be of great assistance to the Political Agents, in their dealings with the
Native Chiefs on the subject of roads, enabling them to give a distinct
and prompt reply to all questions regarding the quantity of land to be
surrendered ; but the general specifications here given can never supersede
the more detailed specification which should accompany an Estimate for
the elaborated scheme.

It may probably be urged against the adoption of the standard, as here
proposed, that the specification for the minor lines of communication is of
too high an order, and that metalling, for instance, is superfluous on a 3rd
class road. The reply is, that the specifications are intended to apply to
completed roads of their several classes; and it must be admitted that
every line of communication, deserving the name of a finished road, should
be passable at all seasons and in all weathers for the style of traffic,
whether wheeled vehicles, or beasts of burden, for which it was con-
structed.
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Every completed road necessarily consists of three main items : —
1. Earthwork (including embankment, excavation and drainage).
2. Bridging.

3. Metalling.

If any of these are omitted, the road is liable to obstruction, and is an
“incomplete " road of that class according to which it was projected.

In cases where it is not desirable to undertake the full expenditure
necessary to complete the road according to the specification of its class,
it will be sufficient to specify it as & “2nd class road, unmetalled;” or a
“3rd class road, unmetalled and ‘unbridged, &e., &c.”

Such a sub-division of the classes will convey an accurate idea of the
style of road projected; and by ensuring uniformity, will admit & compa-
rison in point of cost with others of a similar character.

QGeneral Description.—Roads will be divided into four classes. Classes
1 and 2 will be metalled up to a certain fixed water-way, and will differ
merely in width, both being adapted for quick traffic in all weathers.

A 3rd class road will likewise be available for traffic in all weathers; but
the metalling of the road-surface will be inferior, and the larger bridges
suited for a gingle line of traffic only.

A 4th class road will be unmetalled and unbridged; in fact merely a fair-
weather road on which the ground has been cleared, and the nullahs made
passable. It may be regarded as a commencement of a 3rd class road.

Width of Land to be taken up for Roads.—The surrender of land for
communication is always distasteful to the rulers and cultivators of a Na-
tive State, but doubly so when the ground required is capable of producing
valuable crops,—such as opium, sugar-cane, tobacco,—for which special
qualities of soil are required. When such land is of necessity absorbed
within the road limits, it is advisable to reduce the width to a minimum,
without prejudice to the absolute requirements of the highway. This is
simply managed by diminishing the side gutter, and giving up its exterior
slope altogether. In the specifications, therefore, two breadths are shown,
—the narrower of which should be adopted where the land is of more than
ordinary value.

Specification of a 1st class Rogd—[See Figs. 1, 2, 8].—For a 1st
class road, in ordinary land the width required is 108 feet, divided as
follows:—
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Roadway, . e . . 30 feet.
Side slopes, 2 X 4, . . . - 8
Berm or cess, 2 x 15, .. . .o .~ 8
Side trenches, 2 x 20, .. . . . 40

Total, .. 108

This has been calculated from the requirements of a 2-foot embank-
ment, with the slopes of 2 to 1. If.the embankment exceeds 2 feel, the
extra width for the base of the slopes must be taken from the cess.

In valuable land the width may be reduced to 78 feet as follows:—

Roadway, . . . . eo 80 feet.
Side slopes, 2 x 4, . . . .~ 8 ,
Berm or cess, 2 x 15, . . . . 30
Side trenches, 2 x 5, .o .o . . 10

Total, v 18,

The general specification of 8 1st class road is :—

Embanked roadway to be 30 feet wide, with side slopes of 2 base to 1
height.

Gradients not to exceed 1 in 25.

Drains and Culverts, up to 10 feet water-way, to be 30 feet between
parapets.

Bridges and Culverts, above 10 feet water-way, to be 20 feet in the
clear between parapets.

Metalling in black soil, or where moorum is procurable, to consist of a
foundation of 12 inches of moorum, 18 feet wide, well consolidated with a
top layer of 6 inches of broken stone or kunkur. Where moorum is not

- obtainable, and the soil hard and firm, the metalling will be 9 inches of
broken stone or kunkur, 12 feet wide.

The Estimate for a 1st class road should include all bridges up to 150
feet water-way. Beyond this, they should be taken up as independent
works, and form the subject of separate Estimates.

Specification of a 2nd class Road—[See Figs, 4, 5, 6].—For a 2nd
class road, in ordinary soil, the width to be taken up is 80 feet, divided as
follows :—

Roadway, o . . . oo 24 foet.
Side slopes, 2 X 4, . . oo . 8
Cess, 2 x 12, .. . . . o 24
Side gutters, 2 x 12, .. . . o 24

Total, . 80
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In valuable land the detail will be as follows :=—

Roadway, . . . . oo 24 foet.
Side slopes, 2 X 4, . . .o . 8
0088,2 X 12, .e .o .e . . 24 ”
Side gutter, 2 % 8, . . .o . 6

Total, .. 62 ,

The specification of a 2nd class road is :—Roadway to be 24 feet wide,
and in embankment, to have side slopes of 2 base to 1 height.

G'radients not to exceed 1 in 20.

Drains and Culverts below 10 feet water-way, to be 20 feet wide between
parapets.

Bridges and Oulverts exceeding 10 feet to 18 feet between parapets.

Metalling in black soil to have a moorum foundation 12 inches thick,
15 feet wide, and a top layer of broken stone or kunkur 9 feet wide and 6
inches thick. In firm soil, where broken stone or kunkur is used, the
width will be 9 feet, and thickness 9 inches. The Estimates of a 2nd class
road should include all bridges up to 100 feet water-way.

Specification of a 3rd class Road—[See Figs. 7, 8, 9].—The land to
be taken up for a 3rd class road, under ordinary circumstances, is 72 feet,
reducible in valuable land to 54 feet.

The detail of the various parts are:— -
Roadway . . . oo 20 feet.
Side slopes, 2 X 4, .o . oo . 8
Cess, 2 X 10, .. . . . . 20
Side gutters, 2 x 12, .. . . . 24,
Total, 72 ,

And the decrease, when necessary can be made by reducing the width
of the side gutters to 3 feet, as has been shown in the specification of 2nd
class road.

The general specification is roadway to be 20 feet wide, with side slopes
of 2 to 1.

Gradient not to exceed 1 in 20.

Drains and Culverts up to 10 feet water-way to be 18 feet between para-
pets.

Bridges and Oulverts, above 10 feet water-way, to be 14 feet between
parapets.

Metalling, where moorum is obtainable, to be of that material exclu-
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sively, 14 feet wide and 9 inches thick. Where broken stone or kunkur
is used to be 9 feet wide and 9 inches thick.

The Estimate for a 8rd class road should embrace all bridges up to 75
feet water-way.

Specification of a 4th class road.—For a 4th class road, land should be
taken up 54 feet wide, and the boundary marked by a small trench. It
will not be embanked, but should necessity démand it, it can hereafter be
completed as a 8rd class road, of which it is only the commencement.

Its specification is :—

All ground between the boundary trenches to be levelled and cleared;
nullahs to be rumped, and made passable for wheeled traffic. All hills or
ghits to be reduced to a gradient not exceeding 1 in 18.

Probable cost per mile—The cost of these roads will naturally vary ac-
cording to localities, but it may be set down roughly as follows :—

RS,
1st class road per mile, .. e . . 14,000
2nd class road ditto, . .o . . 10,000
8rd class road ditto, . . . . 6,000
4th class road ditto, .e . . . 1,000

A 1st class road being expensive, is only adapted for an artery, connect-
ing the principal Military Depdts; for a main Postal line; or the chief
Commercial outlet of the country, where the traffic is such as to warrant
the outlay.

A 2nd class road may be adapted to connect the smaller Military Stations
with their Reserves, and with each other. It is also suitable for connect-~
ing Commercial Marts with the main line, or the chief outlet for their
exports, whether this be 1st class road or Railway; whilst

A 3rd class road will be found to suffice for the internal communication
of the country between the more populous towns. It will also be found a
useful style for short Railway feeders; and where a road is required as an
outlet for an isolated district.

A 4th class road must be looked on merely as a preparation for a 3rd
class line. Unless greatly favored by Nature, it will be impassible in
the rains; but for eight months of the year, it will be found a useful ad-
junct in many ways, not the least of which will be its habituating the peo-
ple of the country to the necessity of setting apart a portion of their land
for communications.
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No. CXXXVII.

PENDULUM OPERATIONS OF THE G. T. SURVEY.

An account of the Pendulum Operations about to be undertaken by the
Great Trigonometrical Survey of India ; with a sketch of the theory
of their application to the determination of the eartRs figure. By
CapraiN J. P. Basevi, R.E.

‘WaiLst Lieut.-Colonel Walker, R.E., the Superintendent of the Trig-
onometrical Survey, was in England last year, General Sabine, the Pre-
sident of the Royal Society, solicited his attention to the importance
of making a series of Pendulum observations at the stations of the
Great Indian arc, of a similar nature to those made by Captain Kater
at the stations of the English arc, and by himself, Captain Henry Foster,
and others in various parts of both the Northern and Southern hemis-
pheres. Pendulum observations were made on the French arc by Arago,
Biot and Mathieu early in this century ; it is also the intention of the
Russian Government to have them made at the principal stations of the
Russian arc: moreover there is hardly an instance of the measurement
of an arc which has not been accompanied by such observations.

General Sabine offered to assist, by placing at the disposal of the
Indian Board the pendulums, clocks, and apparatus which he had
employed in his own operations; and he added that, should the India
Board desire any opinion from the Royal Society on the subject, he
would assemble a Committee for the purpose.

Colonel Walker drew up a scheme and estimate of the probable
expense, and submitted it with General Sabine’s letter for the approval
of the Becretary of State for India, who, acting on General Sabine’s

VOL. IV. °



98 PROFESSIONAL PAPERS

suggestion, requested the Royal Society to report on the plan of oper-
ations proposed by Colonel Walker.

The President accordingly called for opinions from several distin-
guished Fellows, viz., Professors Challis, W. H. Miller, Stokes, H. J. 8.
Smith, Dr. Robinson, Sir G. Everest, aud Sir John Herschel ; all in
their replies were agreed on the scientific value of the operations, and
all, with the exception of Sir George Everest,® approved of the proposed
plan of carrying them out ; several made very valuable suggestions.

The Secretary of State in Council consequently sanctioned tbe ex-
periments, and on Colonel Walker's recommendations he  directed
Captain Basevi, R.E., who was then in England on furlough, to pro-
coeed to Kew to learn the use of the Pendulum and apparatus, with
the view of his conducting the experiments in India.

Before detailing the proposed operations, a sketch of the theory, and
of what has hitherto been done in the way of Pendulum experiments,
may be interesting. The application of Pendulum experiments to
determine the figure of the earth, is based upon a theorem demon-
strated by Clairaut, which may be stated thus, that the sum of the
ellipticityt of the earth, and the fraction expressing the ratio of the
whole increase of gravity to the equatorial gravity is a constant quan-
tity, and is equal to § of the ratio of the centrifugal force to the force
of gravity at the equator. ience by ascertaining the difference be-
tween the polar and equatorial gravity, or, which is the same thing,
the progressive increase in the force of gravity in going from the
equator towards the pole, the ellipticity of the earth is at once deter-
mined.

It is proved in mechanics that the forces of gravity, at any two sta-
tions on the earth’s surface are proportional to the lengths of the seconds
Pendulum at those stations, or to the squares of the number of vibrations
made by the same pendulum in any given time, one solar day for instance.
Here is at once an easy means of determining the variations in the force
of gravity ; and the solution of the problem of the earth’s ellipticity is
reduced to the measure of the length of the seconds pendulum at a

® Sir G. Everest proposed to employ only the Pendulum of an astronomical olock, but this method
is objectionable, as the Pendulum cannot be said to be acted on solely by gravity.
t The ellipticity or compression, as it is sometimes oalled, s the fraction whose numerasor is the

difference between the polar and equatorial semi-diameters, and the denominator is the equatorial
semi-diameter.
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number of points on the earth’s surfaee, or, as has been most generally
doue, to the observation of the number of oscillations made by the same
pendulum in a mean solar day.

This theory, however, supposes the pendulum to be a “ simple pen-
dulum,” that is, to eonsist of a material point suspended by a string
without weight, which is, of course a practical impossibility ; but as it is
always poesible to calculate the length of the simple pendulum which
would vibrate in the same time a8 a given eompound pendulum, the
latter may be used for precisely the same purposes as the former.

Beside this, there are several other conditions supposed to hold
good, which in practice are never attained, viz., the arc of vibration
has been assumed to be indefinitely small, the length of the pendulum
to be constant, s. ¢, unaffected by temperature, and the oscillations
made in vacuo and at the level of the sea. Corrections have therefore
to be computed and applied to the observations, for esch of these
assumptions.

The time of vibration® in a circular arc is expressed in terms of the
length of the pendulum, the force of gravity, and a series of ascending
powers of the arc of vibration. The arc is always small, but still not
so small that tbe terms depending on it can be wholly neglected ; the
first term, however, of the series is all that is ever appreciable in prac.
tice. Again, the observations are generally continued for a consider-
able time, and the change in the arc of vibration has to be taken into
account. It has been shown mathematically, on a certain supposition
regarding the resistance of the air, and found to be the case practically,
that the arc decreases in a geometric ratio, whilst the times increase
in an arithmetic ratio, and on this principle the correction t to the ob-
served time of oscillation is computed.

come /e () g (B ()
(B ey

= time of
r-wml-dmmtcmmotacimbwhonndiuhnnity.
i = length of the pendulum.
¢ = force of gravity.
a = arc of semi-vibration.
+ The formula for this eorrection is
~.xm(A-f-a)lln(A-a)in which
32 logsn A ~logsaina
» = number of oecillations made in & day ; M = logmic modulus = 04343945 ; Athnuwuduula
the final semi-arcs of vibration. Correction always additive,
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Secondly, a correction must be applied for the temperature of the
pendulum: a change of temperature will, of course, by altering the
length of the pendulum, affect the time of its vibration. This correc-
tion* must be determined experimentally. Captain Kater immersed
his pendulum in fluids of different temperatures, and measured with a
micrometric arrangement the alterations in its length. Captain (now
General) Sabine observed the change in the number of vibrations
made by a pendulum in different temperatures. This is the most
direct method of obtaining the correction undoubtedly, but everything
depends on the perfect compensation of the clock pendulum with
which it is compared.

Thirdly, the formula is only true for observations in a vacuum, and
a8 observations have generally been made in air, or at all events only
in a partial vacuum, the effect.of the air has to be taken into account.
This effect is to diminish the weight of the pendulum by the weight of
the air displaced, or to diminish the apparent force of gravity in the
same proportion. In the very large majority of observations, the cor-
rection has been computed on this consideration solely; but Bessel de-
monstrated in 1828 that this correction was insufficient, inasmuch as
a portion of the surrounding air was set in wotion by, and moved with,
the pendulum so as to become part of the moving mass. The correction
for this can only be determined practically, as by swinging the pendu-
lum in “media” of different densities. It depends chiefly on the form
of the pendulum. As this correction “reduction to & vacuum” or
“buoyancy correction a8 it is called, depends also on the state of the

® According to Kater’s method—if 7 be the standard temperature which is generally taken as
62° Fahrenheit ; ¢ the obeerved temperature of the pendulum ; y its factor of expansion for 1° Fah-
renhet, then correction = § . f. (t—7 ). positive when ¢ > 7.
t This circumstance was most clearly pointed out by the Chevalier du Buat in 1786, who made
8 ber of experi with pendulums formed of different sub , but his hes, which
created a great sensation at the time, appear to have been completely lost sight of, and to have been
unknown even to Borda who was conducting his experiments, little more than ten yoars after the
publication of Du Buat’s results.
The ¢rue correction for buoyancy Mr. Baily has shown to be (Phil. Trans. 1832)
B -
cxlm)wmphm height of Barometer, and ¢, the temperature during the in.
terval of obeervation. O is a constantfor the same pendulum, and is determined from the formula

"o N/
c= ’; 1;, {1 + 0028 (°=#3°)] in which N' is the number of vibrations in & mesn mlar day, '
and ¢ the b eter and ther ter roadings, is air; and N’, ﬁ',l",themqunﬂtluinaw»

ly rarificd medium, © s § (¢ + ).
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atmosphere, it is necessary for its calculation, to record the readings of
the barometer, when the observations are taken in air.

The last correction is for the height of the station of observation
above the mean sea level. The force of gravity varying inversely as the
" square of the distanice from the earth’s centre, a pendulum swung at a
certain elevation above the sea, will make fewer oscillations in a day
than at the level of the sea, and a correction has to be added on this
account. Dr., Young, however, demonstrated that the correction com-
puted on this consideration alone, was too large, as it neglected the
attraction of the elevated mass itself, and he showed how this might be
approximately allowed for.*

The general principle followed in determining the length of the
seconds pendulum, is to observe the number of vibrations made by a
pendulum of known length, in a mean solar day: then the length of
the seconds pendulum is found by multiplying the length of the given
pendulum, by the square of the number of its vibrations in a day,
and dividing by the square of the number of seconds in a day.

The number of vibrations is generally determined by the method of
coincidences. The detached pendulum is placed in front of a good clock,
and adjusted to such a length as to gain or lose, (the latter generally,)
two beats upon the clock in some convenient time, 5 to 10 minutes.
Suppose the pendulums to be started together, then the longer one of
the two will be left behind by the other, the distance between them
continually increasing, until at length they will be at oppusite extremi-
ties of their arcs of vibration at the same moment : the longer pendulum
has now lost one oscillation on the shorter one, and both are apparently
going at the same rate, but in opposite directions; after a short time
they will begin to approach each other, the distance between them gra-
dually diminishing, until they both appear to coincide. It is clear that
between two consecutive coincidences the longer pendulum will bave
lost two oscillations on the shorter one. Hence all that is requisite in
practice, is to observe as accurately as possible the intervals between

® This correction is given by the formula ’rl h z, where  denotes the number of cecillations in

& mean solar day,  the radius of the earth at the given station, 4 the height of the station above
the mean level of the sea : x is an unknown quantity determinable from theory ; on the assumption
that the mean density of the earth is 5°5 and that of the surface 2'5. Dr. Young (Phil. Transactions,
1819) showed that the correction for a station on a tract of table land would be reduced by §rd or
that the correction = §n A,



102 PROFESSIONAL PAPERS

the successive coincidences ; the number of vibrations made by the clock
pendulum is determined by observations of the sun or stars, and then
the number made by the detached pendulum is computed by simple
proportion.®

The first pendulum observation of which any account is preserved are
those made by Picard at Paris, and Uranienburg (Tycho Brahe’s obser-
vatory) and those by Richer at Cayenne in 1672. These last observa-
tions are said to have attracted Newton’s attention, as they proved the
variation in the length of the seconds pendulum in different latitudes,
and it is generally stated that Richer made the discovery by accident.
But it appears from Picard’s address to the French academy in 1671,
that a variation had been already observed, and it is probable that
Richer's mission was undertaken partly with a view to throw light on
the subject. Picard stated that “from observations made at TLondon,
Paris, and Bologna, it would seem as if the seconds pendulum required
to be shortened in approaching the equator, but that on the other hand,
he is not sufficiently convinced of the accuracy of those measurements,
because, at the Hague, the length of the seconds pendulum was found
to be quite the same as at Paris, notwithstanding the difference of
latitude.”+

Near the end of the 18th century, Borda made his celebrated experi-
ments for determining the length of the seconds pendulum at Paris.
His apparatus, which is named after him, consisted of a spherical ball
of platinum attached by grease to a brass cap which had been truly
ground, so as to fit it perfectly. The object of this attachment was to
enable the observer to turn the ball round in the cap at pleasure, 8o
a8 to destroy the effects of unequal density in different parts of it. A
fine wire carrying the cap was fastened to the lower end of a small
cylinder, passing through the knife edge, which carried on its upper
end a small moveable weight, by adjusting which, the knife edge and
cylinder could be made to vibrate independently in the same time as
the pendulum, so that their effect might be neglected in computing
the length of the simple pendulum., When in use, the knife edge

® If ¢ = daily rate of the clock, and I the mean interval of the coincidences, then the number
of oscillations made by the pendulum inaday s »

" =Il—-_—-’(86400:r)thelowerlisnhwbem when the clock is loaing.
t Coamos, Vol. 1V., page 25, Sabine’s translation,
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rested upon a steel plate. The number of vibrations per diem, were
ascertained by means of a clock, but Borda made a great improvement
on the old method of cownting the coincidences. He fixed a straight
edge vertically, so as to coincide with the pendulum wire at rest, when
seen through a telescope placed opposite. A cross was made on the
bob of the clock pendulum, and the observation consisted in noting
the times when the wire and cross disappeared together behind the
edge. After a series of coincidences had been observed, the length
of the pendulum was measured by means of a horizontal steel plate,
which was screwed up from below, 8o as just to touch the ball: then
the pendulum was removed, and a bar, whose length had been carefully
compared with a standard, inserted in its place. The bar had a T head,
of which the lower surface rested on the upper steel plate, and a gra-
duated rod, sliding on the bar, was adjusted to contact with the lower
plate. The diameter of the platinum ball was then measured by means
of the same slider, by placing it on the steel plate for the purpose ; the
brass cap and wire were then weighed. The apparatus was enclosed
in a glass case, and the temperature was carefully recorded. All ne-
eessary corrections were applied, excepting the true one for buoyancy.
The whole process, which required very great delicacy, had to be
repeated, and the length of the corresponding simple pendulum com-
puted after each series of observations. Borda’s pendulum was about
12 feet in length.

His method was followed by M. M. Arago, Biot, and Chaix, at
Formentera, the southernmost station of the French arc, with this
exception that they used a pendulum of only 8 feet in length. These
observations were extended by Biot in 1817 to Leith, and Unst in the
Shetlands, and in conjunction with M. Mathieu, he observed at Dun-
kirk, Paris, Clermont, Bordeaux, and Figeac. From these operations,
Biot deduced an ellipticity of 4}.

In about 1809, Captain Warren made some observations at the Ma-
dras observatory with a pendulum formed of a leaden ball suspended by
a fibre made from the plantain leaf. The vibrations were counted and
an assistant noted the times, from an astronomical clock. In order to
measure its length, he attached some glass plates to a wall, and set off
on them a scale, transferred from Colonel Lambton’s scale; the length
was then measured by a pair of beam compasses. The length of the
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seconds pendulum was found to be 390263 inches of this scale
in air.

In 1818, Captain Kater published his determination of the length of
the seconds pendulum in London at Mr. Browne’s house, Portland Place,
taken for the purpose of fixing the standard of English measures. His
nethod was foucded on the dynamical theorem due to Huyghens, that
the centre of oscillation, and axis of suspension, are reciprocal in the
same body ; that is, if the body be suspended at its centre of oscillation,
the former axis of suspension will pass through the new centre of oscil-
lation, and the body will vibrate in the same time as before. The dis-
tance from the axis of suspension to the point called centre of oscillation,
is equal to the length of the simple pendulum.

Captain Kater’s pendulum consisted of a-bar of plate brass 16
inches broad and th of an inch thick: two knife edges of the hardest
steel, attached to solid pieces of brass, were fixed to the bar at a dis-
tance of rather more than 89 inches from each other; when the pen-
dulum was in use, these knife edges rested on horizontal planes of
agate. At one end of the bar, immediately below the knife edge, was
a large flat brass bob firmly soldered to it: and on the bar, between
the knife edges, were two sliding weights. The plan of operations was
to observe the number of vibrations per diem, made by the pendulum
when suspended, first, by one knife edge, and then, by the other; and
if these numbers were not identical, to make them so, by means of
the sliding weights. The distance between the knife edges, that is,
the length of the corresponding simple penduium, was then measured
by a micrometric arrangement. The method of observing the number
of vibrations was as follows: to each extremity of the pendulum, a
light deal tail-piece, well blackened, was attached; and on the bob of
the clock pendulum a white paper disc, equal in diameter to the
breadth of the tail-piece, was fastened; the detached pendulum was
now placed in front of the clock, and both pendulums being at rest,
a telescope was aligned, so that the blackened tail-piece exactly covered
the paper disc. The telescope was also fitted with a diaphragm, con-
sisting of two perpendicular cheeks which could be adjusted so as to
‘become tangents to the disc. Now, if both pendulums be set in mo-
tion, the detached pendulum vibrating slower than the clock one, the
tail-piece will be seen to pass across the diaphragm, followed by the
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white disc; at each succeeding vibration the disc follows closer and
closer, first touching it, and at last becoming cowmpletely eclipsed by
it. The exact time of this event, called a “ disappearance,” is noted ;
after a few more vibrations, the disc will re-appear preceding the tail-
piece ; the time of this event, called the “ re-appearance,” is also noted ;
and the mean of the disappearance and re-appearance, is taken as the
true time of coincidence. It is immaterial in this method of observa-
tion, whether the detached pendulum vibrates faster or slower than
the clock pendulum, but it is a sine gud non that its arc of vibration
be less. The result, introducing all corrections, except the true one
for buoyancy, was 3913929 inches, which is still the received length,
although General Sabine in 1831, showed, by swinging the pendu-
lum in air and in vacuo, that the buoyancy correction was different,
according as the heavy weight was above, or below, the plane of
suspension. )

Captain Kater, in the following year, 1818, made a series of experi-
ments at the principal stations of the English Survey, from Shanklin
in the Isle of Wigbt, to Untst in the Shetlands. He used in these ob-
servations a pendulum of a different pattern, known as * Kater’s inva-
riable pendulum.” With it, it is not possible, nor was it intended, to
determine the length of the seconds’ pendulum, but it is essentially a
differential instrument, and is used for measuring the differences in the
number of vibrations at different stations. With these differences, if
at any one station the length of the seconds’ pendulum has been already
determined, the corresponding lengths at the other stations can be
ascertained. The invariable pendulum is of the same dimensions as
the convertible one, but is without the second knife edge, and tail-piece,
and the sliding weights. The mode of observation is exactly the same.
Captain Kater deduced values of the ellipticity, from consecutive pairs
of stations; he considered 33 as a probable value (the same as M.
Biot’s) ; but he remarks on the difficulty of deriving a satisfactory deter-
mination, unless the extreme stations coraprise an arc of sufficient ex-
tent to render the effects of irregular local attraction insensible.

In 1821-22, some very good observations were made by Mr. Golding-
bham, at Madras, and afterwards at a small island called Pulo Gaunsah
Lout, lying nearly on the equator in East Longitude 98° 50'. The
pendulum used was an invariable one, and observations were first taken

VOL. IV. r
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with it in London, by Captain Kater. From the observations at Ma-
dras and London Mr. Goldingham deduced an ellipticity of 53-.

Captain Basil Hall, assisted by Captain (then Lieutenant) Henry
Foster, made a series of experiments with an invariable pendulum in
1820-28, at Galapagos, San Blas (Mexico), Rio Janeiro, and London
(Mr. Browne’s house). Comparing the results at each of his own
stations, with each of Captain Kater’s, he deduced ellipticities of 5},
sto and 55

In 1822, Sir Thomas Brisbane took with him to Paramatta (near
Syduney), an invariable pendulum that bad previously been swung in
London, at Mr. Browne’s house. He deduced ellipticities of 535 and
4+ comparing his observations with those of Kater in London and at
Unst.

In 1817, the French Government fitted out a scientific expedition
under the command of Captain Freycinet, who was furnished with
three invariable brass pendulums, one of which was similar to Captain
Kater’s pattern, and the other two had solid cylindrical rods instead
of a flat bar. He had also a fourth pendulum, with a wooden rod
formed of two plates of deal firmly clamped together. lnstead of a
clock he used an astronomical couuter, (‘‘ compteur astronomique,’”)
whose beats could be adjusted to synchronism with those of the pen-
dulum. The counter had a dial, which showed hours, minutes, and
seconds, so that by comparing the time shown by this “compteur”
with that of a chronometer, he obtained the number of vibrations
made by the pendulum in a certain interval, generally an hour or 40
minutes. The pendulums were first swung at Paris, and afterwards
at Rio Janeiro, Mauritius, Guam (one of the Ladrone Islands), Mowi
(one of the Sandwich Isles), Cape of Good Hope, Port Jackson,
Rawak (an island under the line, north of New Guinea) and Malouine
or Falkland Isles. Rejecting the determinations at the Mauritius,
Guam and Mowi, as they appeared affected to a remarkable degree by
local influences, Captain Freycinet deduced an ellipticity of 35 from
all four pendulums.

On the return of Captain Freycinet, the French Government sent
out another expedition under Captain Duperry. He was supplied
with two of Captain Freycinet’s brass pendulums, viz., one with a
cylindrical rod, and the one on Kater’s principle. He observed at six
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stations, viz., Ascension, Mauritius, Port Jackson, Falkland Isles,
Toulon, and Paris. In deducing the ellipticity. he combined his results
with those of Freycinet only, and obtained values varying from 34
to 53g-

During Ross’ voyage to Baffin’s Bay in 1818, some observations
were taken at Brassa, in the Shetlands, and at Hare Island, with a
clock fitted with an invariable pendulum vibrating on a knife edge,
which rested on hollow agate cylinders. Observations were repeated
at these stations, and a further set taken at Melville Island, on Captain
Parry’s first voyage to the North Pole in 1819-20. Captain Sabine
conducted both these experiments, using the same instruments.

In 1822, the English Government sent out an expedition under
Captain, now General, Sabine, for the purpose of extending the enquiry
commenced by Captain Kater; for both Kater and Biot had come to
the conclusion, from a discussion of their experiments, that no decisive
result of the earth’s ellipticity could be obtained from them, on account
of the smallnees of the comprised arc, and the variations of local deunsity.
Captain Sabine visited thirteen stations between Bahia, 8. Lat. 12° 59’
to Spitzbergen N. Lat. 79° 50'. He had with him three pendulums of
Kater’s invariable pattern, which were all swung at each station.
Besides these he had the two clocks and attached pendulums which he
had already used on his arctic voyages. His method of observation
was similar to Captain Kater’s; all the pendulums were swung in Lon-
don at Mr. Browne’s house, both before and after the expedition.

The ellipticity deduced from the experiments at Captain Sabine’s
stations was 533.¢, from the same combined with Kater’s 5}.5, and
combined again with Biot’s ;41.5, and from a general combination of
all of these, y53.x. The observations of the defached pendulums only
were used in these determinations; for though the clock pendulums
gave closely coinciding values of ellipticity, still being acted on by
other forces than gravity, their results are less reliable, and are only
valuable in sv far as they afford an independent corroboration of the
other results. Captain Sabine was not at first aware of the strict
expression for the reduction to a vacuum, but after the publication of
Bessel’s observations in 1828, he had an apparatus specially construct-
ed, and ascertained the proper correction practically, by swinging his
pendulums in air, and in vacuo.
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The error from this cause, however, proved to be trifling, owing to
his observations being strictly differential, so that only the differences
between the corrections by the old and new formul® entered.

The most widely differing buoyancy corrections at any of his or
Captain Kater’s stations of observation, computed by the old formula
were 4 575 vibrations at Sierra Leone and 4 627 vibrations at
Spitzbergen, in a mean solar day. These corrections, multiplied by the
proper factor, 165, to reduce them.to the new formula became + 9-52
and + 10+88 vibrations, so that the number of vibrations in a mean so-
lar day at Sierra Leone required to be increased by (9'562 — 5-75) 877
and at Spitzbergen by (10-88 — 6:27) 4-11 vibrations. But the accele-
ration between the stations would only be sncreased by the difference
between these numbers, or by 0'44 vibrations. It so happened, how-
ever that even this difference was too large, for in the deduction of the
temperature correction, the old buoyancy' formula had of course been
used ; on applying a correction on this account, the above difference
required to be reduced by 0-86 vibrations, so that the whole error on
the acceleration of the pendulum between Sierra Leone and Spitzber-
gen was only < ‘08 vibrations.

Captain Sabine subsequently determined the difference in the num-
ber of vibrations made by an invariable pendulum between London
and Paris, London and Greenwich, and London and Attona. He also

determined the true buoyancy correction for Kater’s convertible
pendulum.

(Tv be continued.)
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No. CXXXVIII

SAINT ANDREW’S KIRK—BANGALORE.

Tais structure, lately completed and opened for divine service, was com-
menced in November, 1864. The body, having a length of 93 feet by a
width of 57 feet, consists of a nave (covered with a pent roof, slated) and
side aisles (roofed with Bengal terracing), the whole affording accommoda-
tion to a congregation of 500.

The height of the tower, which was originally intended to bear a steeple,
is 90 feet; of the nave, to wall plates under roof trusses, 34 feet ; and of
the side aisles, 23 feet.

Ample light and ventilation is afforded by the clerestory windows of the
nave, as well as by the main and circular windows of the side aisles ; and
as the building has no transept to break up the voice, it is & remarkably
good one for hearing.

The style of architecture, which, while being effective, is sufficiently un-
pretending, can be best judged of from the annexed photograph, with
plan and section,

The work consists thronghout of good brick in chunam, plastered ; and
the total cost was Rs. 40,000 (including all fittings and furniture), of
which one-half was raised by private subscription in this country and at
‘home. Exclusive of furniture and fittings, the cost of the building was
nearly Rs. 5 per square foot of plan over all.

YOL. IV. Q
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No. CXXXTX.

DRAINAGE OF MADRAS.
(2nd Paper.)

Abridged from a Report on a Project for the Drainage ¢f the Town of
Madras. By Capr. Hecror TuirLocw, R.E.

Description of the Project.—It is proposed to drain Madras from the
south to the north—to separate the sewage from the rain-water—to carry
the former by sewers of small capacity to one central spot, north of, bat
near, the Madras Railway, and in the neighbourhood of the village of
Coorookoopett—to lift it there by steam pumps—and, according as Gov-
ernment may decide, either to discharge it by an outfall sewer into the sea
st a point two miles north of the Railway, or to utilize it on some thou-
sands of acres of waste land lying to the north-west of Madras.

In order to render the description of the Project clear, I shall, for the
present, defer the consideration of the proposition to utilize the sewage
for agricultural purposes, and treat the subject of drainage as if it were
necessary to take the sewage away from Madras altogether.

The first point to settle in every project for drainage is the locality of
the ultimate outfall for thesewage. Everything hinges on this. At
present the sewage of the town, as before mentioned, is discharged partly
into the Cooum, partly into the canal, and partly into the sea; and these
are all the outfalls available for Madras.

It is unnecessary for me to dwell on the present disgusting state of
the Cooum or on that of the canal. To say that they are mere cesspools,
from which the sewage cannot possibly escape, is to bring the subject
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with sufficient clearness even to the minds of those who have never visited
Madras. It should be an indispensable condition of every project for
draining the town, that the Cooum and the canal should not be converted
into sewage reservoirs. Until this is acted upon, all attempts to ren-
der Madras healthy must necessarily be only partially successful.

The only outfall, then, left for consideration, is the sea. The abomina-
ble stench from the mouth of the sewer at the north-east angle of the
Fort, which drains a portion of Black Town only, is convincing evidence
that it is not sufficient merely to discharge the sewage into the sea. No
description ean convey to the minds of those who have never lived within
the influence of the smell from this sewer, its overpowering offensiveness
while the outlet is open. The Fort would hardly be habitable from October
to February, or while the north-east winds prevail, if this outlet were kept
open during the whole day. Fortunately, the sewer is large enough to
hold all the sewage which flows into it, for a day or two, so that it is
unnecessary to open the mouth except for about a couple of hours during .
the night. This is dons, too, at a time when the wind is blowing from the
west, in order that the smell may be driven out to ses.

In some instances in England, no nuisance arises from the outfalls of
sewers being placed on the coast and opposite to towns. But this is due
to causes which do not prevail in Madras. In England, the tides rise and
fall considerably. In London, the difference between low and high tide is
20 feet—in Liverpool, it is 32 feet—in the Bristol Channel, as much as
47 feet. The velocity of the ebb stream, or that which conveys the sewage
away from the coast is, under these circumstances, very great. But in
Madras, the tides rise and fall three feet only, and the water is exceedingly
shallow. The consequence is, that the velocity of the ebb stream is trifling,
and the sewage keeps floating by the coast instead of being carried out to
sea at once. The prevailing currents, too, for 10 months in the year, fol-
low the line of the coast, . ¢., run north and south. Sewage, therefore,
discharged opposite the Fort, flows directly in front of Black Town or
Triplicane, the two most important, because the most densely populated,
neighbourhoods of Madras.

The nuisance at present from the drain near the Fort is as nothing com-
pared with the nuisance which would ensue, if the main outfall for the
drainage of the entire town were situated in the same locality. Under the

present imperfoct arrangements for drainage, the quantity of sewage which
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ultimately reaches the sea is small, and it is sufficient if the mouth of the
main discharging sewer is opened occasionally. But under a complete
system of water-tight sewers, and street and house pipe-drains, the quan-
tity of sewage would be considerable, and it would be impossible to pond it
up for many hours together without incurring great expense. The line of,
coast, too, for a quarter of a mile or so on either side of the outfall, would
be 80 covered with filth of every description, that the sea breeze, instead of
being, what it now is, a great source of health to the inhabitants of Madras,
would be deprived of all those pleasant associations which we at present
connect with it. No outfall so situated as to contaminate our sea breeze
should be permitted.

If this is granted, it follows that no sewage should be discharged on the
sea-board of Madras Proper, i. e., within the limits of the inhabited strip
of coast land from Royapooram in the north to St. Thomd in the south.
The question, therefore, 80 far as the outfall only is concerned, resolves
itself now into this, ¢ Shall the sewage be carried into the sea north, or
south, of Madras?”

In order to decide this satisfactorily, several points should be considered.
¢ Is the town, with regard to its physical features, more favorably situated
for a southern or for a northern outfall?” “ What is the direction of the
prevailing winds ?” ¢ What that of the prevailing sea current?” ¢ What
particular advantages does a northern or a southern outfall offer in it-
”lf?"

The most important of these considerations is, without doub, that which
relates to the general configuration of the ground on which the town
stands. Now, it has already been explained that, practically, there is no
natural line of drainage for Madras, considered as a whole. But if this
point admits of dispute, then the only line of drainage, which it is possible
to call such, is the valley along which the canal runs. And, certainly,
although the greater part of Black Town and all Royapooram drain into
the sea, yet the portion of Madras lying to the north of the Cooum, may,
in some respects, be considered as two slopes of ground inclining towards
the Canal. The fact, too, of the districts south of the Cooum being gen-
erally on a higher level than the valley itself, may strengthen this view—
viz., that there is a natural drainage line. But this very fact shows that
the southern portion of Madras, if it is the higher, must be drained towards
the north, ¢. e., if ‘the valley of the canal is taken as the drainage course.
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And the northern portion cannot be drained to the south, because, in that
case, the outfall into the sea must be situnated somewhere between Tri-
plicane and Black Town, which, it has already been shown, would be
highly objectionable, because the sea breeze would be contaminated.
The only course left to adopt then, is, to drain the whole of Madras to the
north. And this is exactly what is proposed to be done. 8o far then as
the question is affected by considerations of the natural pesition of the
town, the advantage of the northern outfall is clear and decided.

Now, with respect to the winds, the situation of the two outfalls is
about equally favorable. The prevailing winds* are those which blow be-
tween south and west, and these winds in either case would convey the
emell of the sewage out to sea. The winds which would bring the smell
into Madras, are, in the case of a northern outfall, those between N. N. E.
and E. N. E,, and, in the case of a southern outfall, those between 8. and
8. E. Both the former and the latter blow for about 80 days in the
year. ‘ ' :

‘With reference to the sea currents, the advantage lies decidedly with
the northern outfall. The current which flows from the north southwards
begins about the middle of October and ends in February, or runs for about
4} months in the year. This current would, in the case of & northern out-
fall, bring the sewage in the direction of Madras, and, in the case of a
southern outfall, would carry it away from Madras. The current which
flows from the south northwards begins in March and ceases in August,
or continues to flow for about six months. During the remainder of the
year, i. ., in September and the first half of October, the prevailing winds
are from the south, and if, as is most probable, the currents run in the
direction of the wind, this second current will have a northerly direction.
Thas, for about 74 months, the northward current would, in the case of a
northern outfall, carry the sewage away from Madras, while, in the case of
a southern outfall, it would bring it to Madras. There is no doubt, there-
fore, that, so far as the currents of the sea are concerned, the outfall should
be placed to the north of Madras.

The special advantages which the northern outfall offers are very great.
There are no Engineering difficulties to be overcome in the construction of
the works, or to render them expensive. If the sewage were taken to the

® Vide  Chart showing the number of days in the year the wind blows in Madras from each
point of the compass,” which is given further on,
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south, the outfall should be placed at least one mile south of St. Thome, in
order to prevent any nuisance to the inhabitants of this locality. This
would make it necessary to carry the sewage either by a tunnel beneath the
river Adyar, or by an aqueduct over it. Either of these works would cost
a large sum of money. In the south, the sewage could not be utilized for
agricultural purposes so judiciously as in the morth, for the ‘prevailing
winds would blow the smell to the town. The lands, moreover, are not
well situated, whereas, in the north, there are upwards of 20,000 acres of
waste ground situated on the most favorable level possible, and in the
direction from which the wind blows least often during the year. All these
eonsiderations render it advisable to adopt a northern outfall for the drain-
age of Madras.

Having settled this point, it next becomes necessary to decide how far
north the sewage should be discharged. And this admits of some difference
of opinion. The arrangements made in this Project are to place the out-
fall, for the present, at a point two miles north of the Railway Station.
This is 1} miles from the nearest dwellings in Royapooram. I believe no
nuisance will arise from this arrangement. When the northerly current is
running, the sewage will have flowed a distance of more than two miles
before it comes opposite to the nearest part of Black Town. BShould it,
however, be found hereafter that the outfall is not far enough away to the
north, I have arranged so that it may ultimately be removed to a point three
miles north of the Railway. Without positive evidence that the outfall at
this distance would prove a nuisance, it would not be desirable to place it
higher up on' the coast. The question is one of expense only, for, so far
as the Engineering difficulties are concerned, it would be as easy to carry
the sewage four miles to the north as to discharge it where it is now pro-
posed to place the outfall.

Having now arranged about the direetion in which Madras is to be
drained and the distance from the town at which the outfall ghould be sit-
usted, the next question requiring an answer is, “ Can the sewage be
discharged into the sea simply by gravitation, ¢. e., without lifting it at
any intermediate point between the town and the outfall?” An examina-
tion of the Map of Madras,®* which accompanies this paper, should con-
vince any one that this is impossible. The present system of open drains
is & practioal attempt to answer this question in the affirmative. But what

‘ » Given above p. 9.
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the effect is, is known well. Hardly a single drain has sufficient fall to
keep itself free from deposit, and the consequence is, that the work which
the drains should do, has to be done by the scavengers of the Municipal
Department, and at a tremendous cost to the people. It is, indeed,
impossible to drain a place like Madras, which covers 27 square miles
of country, and many parts of which, in all quarters of the town, are ele-
vated from 3 to 6 feet only above the ses, by simple gravitation, and
without raising the sewage artificially.

If this, then, be admitted, the next point to settle is, ‘ Where shall the
sewage be pumped up?” This is almost altogether a question of Engi-
neering. If the ground were very favorable, ¢. e., if the soil were hard
and there were no water to interfere with the construction of the sewers,
it might be best to take the sewage right away to a spot near its ultimate
outfall on the coast, and to pump it up there at once into the ses. But
this is not the cagse. The strata beneath the surface soil consist chiefly of
sand, and water is found in almost all parts of Madras at about the sea level.
It becomes, therefore, positively necessary to raise the sewage at some in-
termediate point. I have selected a point very near the Madras Railway,
but lying to the north of it and in the neighbourhood of the village of Coo-
rookoopett. This will necessitate the construction of a tunnel under the
BRailway. But a tunnel would have been necessary, even if the site for the
pumpe had been to the south of the Railway; for the sewage of Tondiar-
pett and of the neighbourhood to the north of the Railway must, in that
case, have been brought to the site by a tunnel crossing the Railway. It
will thus be seen that, under any circumstances, a tunnel was unavoidable.
The site selected for the cesspool and pumps is situated in that quarter of
the town from which the wind blows least often in the year, and it is near
the lands on which it is proposed to utilize the sewage. 4

I have considered whether it might not be advisable to have two cess-
pools and two sets of pumps—one for the portion of Madras lying to the
north of the Railway, and the other for that lying to the south of it. Bat
the first cost of such an arrangement would be even greater than that of

- the tunnel now proposed, and the working expenses of such a system of
sewerage would be nearly double that in which all the pumping work was
eoncentrated at one point.

I trust that it has now been satisfactorily shown that Madras should be
drained towards the north,—that (putting aside for the present the ques-
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tion of utilizing the sewage) the best outfall is the sea,—that it will be
sufficient if the outfall is placed on the coast three miles north of the Rail-
way,—that it is not possible to drain the town by gravitation,—and that,
consequently, the sewage must be pumped up at some intermediate point
between the town and the ultimate outfall.

Separation of Sewage from Rain Water.—So far, this Project does not
differ from the system of drainage adopted in many towns in England. I
beg now to draw the attention of Government to a point which appears to
me to demand the greatest consideration. In England, it is usual to have
one and the same system of sewers to carry off both rain-water and sew-
age. I propose, however, that in Madras, sewage shall be carried away
by a system of underground sewers and pipes of very small dimensions,
and that rain water shall be removed by a system of open surface drains
unconnected with the underground sewers and pipes. To justify such a
departure from the stereotyped system of sewerage which has the sanction
of European Engineers, it will be necessary that full and sufficient reasons
should be given.

In designing sewerage works, the dimensions of the sewers are regula-
ted almost entirely on considerations of rain-fall. The sewage proper forms
so small a proportion of the total amount of fluid matter to be removed,
that if a sewer is large enough to discharge the rain which falls on the
district for the drainage of which it is constructed, it is hardly worth while
to consider the small quantity of sewage which may flow into the sewer.
In fact, sewers in England are constructed, first, for the removal of the rain-
fall, and then for the removal of the sewage.®* In a country, however, like
England, where the rain-fall is pretty evenly distributed through all the
months of the year, and where there are no extraordinary falls of rain such
a8 we 80 often have in India, this principle of carrying off both rain water
and sewage by one set of channels is not perhaps objectionable. It rains
off and on throughout the year. Sometimes for.days together there is no
cessation at all, The consequence is, that the amount of water in the
sewers does approximate to some extent to a constant quantity. In heavy
rain-falls the amount is somewhat in excess of this quantity, and in light
rainy weather it is somewhat below it.

But in India the conditions of rain-fall are totally different to those in

*® In London the sswage proper {s calculated at about §th of the ordinary rain-fall.— Vide page
308 of “Neville's Hydraulics,”
.
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England. In the first place the yesrly rain-fall in India is double that of
England. And while in England the supply is reeeived in emall monthly
instalments all the year round, the supply in India is often received in 10
or 12 days only.

The accompanying diagram has been prepared with the view to explain
the extraordinary difference between the rain-fall in England and in Madras.
The first fact to which I beg to direct attention is the marked evenness of
the line which represents the ‘“mean " rain-fall in England.* The great-
est difference in the quantities of rain which fall in any two months is
between those which fall in April (about 1} inches) and in November
(about 3§ inches). But even this difference amounts to only 2} inches,
8o evenly distributed is the rain-fall, that if it were said of England that
the quantity of rain which falls in every month of the year is 2 inches,
there would really be no great error made.

The second fact to which I would draw attention is the parallelism be-
tween the thick and thin red lines. The former shows the maximum
quantity of rain that has been known to fall in England in each month of
the year. It runs throughout aboat 2 inches above the thin line and thus
indicates that the maximum quantity of rain in each month is 2 inches
only more than the mean quantity.

Now, let me turn to the rain-fall in Madras, the yearly quantity (about
50 inches) being double that of London (about 25 inches). The thin blue
line represents the mean rain-fall of 20 years’ observations. It will be seen
that in the first four months of the year there is, practically speaking, no
rain at all—that in the next 5 months the rain-fall is only slightly in excess
of that of England—but that in the months of October, November and
December, it is considerably in excess of it. Now, if sewers are to be con-
structed for the removal of rain water, it is very evident that in Madras
they must be large enongh to discharge the rain-fall in the months of Octo-
ber and November, when the heaviest quantity of rain descends. Suppose
that the dimensions of the sewers in Madras are regulated by comparison
of the mean monthly rain-falls in London and Madras. Then, the mean
rain-fall in Madras in October (about 18 inches) being more than three times
the mean rain-fall in London in November (about 4 inches), it is evident
that the sewers must have three times the discharging capacity. A single

® Vide Page 811 of  Névilie ot Hydrsnlta.”
YOL. 1V. R
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mile of sewers laid down on this principle would cost more than the entire
project now submitted to Government.

The difference between the maximum monthly rain-falls in Madras and
in England, is even still greater than that between the mean monthly rain-
falls in the two places. The maximum quantity which has fallen in one
month in England is, as shown by the thick red line, nearly 6 inches.
But the maximum in Madras is, as shown by the green line, nearly 38
inches, or upwards of six times the maximum of England.

Together with the mean and maximum monthly rain-falls in the two coun-
tries, I have projected on the accompanying disgram the monthly rain-falls
in Madras of some of the most interesting years. From these it will be
seen that it is far from an unusual occurrence to have upwards of 20 inches
of rain in a single month of the year.

If we compare the daily rain-fall in England and in Madras, the difference
becomes still more striking. The following are the greatest daily rain-falls
in England of which I can find any record :—

Rain-fall
Locality. Date. in 3¢ Remarks.
Ligle Bridr| Jal Inches. |
s ly, 1858 | 206 | Vide page 832 of “Beardmore'’s
Dorsetshire, ’ Manual of Hydrology.”
Oxford, . . . July, 1858 | 182 | Vide page 888, Ibid.
‘Wandsworth, . | 13th June, 1839 217 | Vide 298 of “Neville’s
thdn ica,” This fell in two
ours.

Manchester, . | 7th Aug., 1859 1-849| Do. do.
Southampton, . | 26th Sept., 1859 | 205 | Do. do. This fell in 2§ hours.
Traro, . . .|25thOct, 1859 | 24 | Do. do.
Holborn, , . .| 1st Aug., 1846 400

Do. do. These quantities are
Highgate,. . . Do. 838 ls‘tnted to have fallen in one
our.
Greenwich, . . Do. 95

The following is a table of some of the heavy daily rain-falls in Madras
in the years from 1822 to 1857 :—
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Rain-fall

Inches.
4th November, 1822 7-88

20th October, 1825 | 887
9th May, 1827 | 1208

27th November, ,, 717
81st October, 1836 7:50 This fell in the night only.
20th November, ,, 965 * It to have commenced raining on the 18th

ineh tuus?h:n"'"m seaaily for apo
s fol 'or aboul
27th December, 1845 7-20 20 hours, till the ma.ximnm rate 3 I.nchZu per hour|
was attained : after which it

decreased a-
o till et the expiration of t lnothc 1
3st Ocmb"' 1846 20°58* s‘l:.:n the monsoon wu:va' * I: this storm, ’Imun':

recefved, in 24 he , §. ¢., from 10 A. M. the 20th
4th May, 1851 11-45 tﬂ)loA. M. on thoan;:s&,:bontum\\ch l'd:nuhlh in

during the whole year.
4th November, ,, 7-90
20th November, 1856 622 This fell in 5 hours.

24th October, 1857 1804 quo:: sunrise 583 inches—before sunset 12-21
inches.

It will thus be seen that while 4 inches are the utmost that has been
recorded to have fallen in England during the day, upwards of 20 inches
have been known to fall in Madras in the same period of time. How
could Madras afford to pay for sewers constructed to discharge five times
the quantity of water which the London sewers discharge ?

It will naturally be asked, ¢ If the sewers are not to carry away the rain
water, how is it to be got rid of 7 The answer is—* by open channels.”
I propose, however, at first, to make use of the existing large drains as the
outlets for storms. This will, no doubt, cause surprise to many, consider-
ing how much the present drains have been abused. 1t is well known, in
drainage engineering, that when the quantity of water is great, the form of
the sewer is of little consequence. Whether it has a rectangular section
or an oval section, the velocity is still sufficient for all possible purposes.
Now, the section of the Madras drains is certainly very far from faultless.
Nevertheless for storm waters they will answer admirably. When Madras
can better afford it, it will be time to reconstruct these channels, but having
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“them now at hand, I am decidedly of opinion that they should be used.
The drains which I propose to keep are not, of course, the open atreet
drains in all parts of Madras, but the few large underground and open
channels which discharge immediately into the sea, the Cooum, or the
canal, All the street drains should be taken up, for the bricks of which
they are constructed are of the worst possible kind and so saturated with
liquid filth, that every effort to cleanse the town without the removal of
these drains will be ineffectual. At present, all that would be necessary
would be to re-place these drains with broken granite, down which the rain
water would flow until it ultimately entered, as it now does, one of the
large outlet drains. The Municipal Commissioners, who spend yearly
about 20,000 rupees in new drains, would have that sum available for this
work, inasmuch as no new drains would be required in the town if this
Project were carried out. Ultimately it might become necessary to have
open channels of stone set in mortar, similar to those in use in Eng-
land.

On this question of the separation of rain-water from sewage, I under-
stand that it will be urged by the advocates of universal dry conservancy
against me—*So, after all, your sewers will not get rid of the rain water.”
Bat these gentlemen forget that this argument tells, if possible, much more
against them than against me. For, at all events, I do propose to dispose
of all liquid refuse except storm waters, whereas the advocates of universal
dry conservancy propose to get rid of 100th part only of the liquid refuse,
and moreover of none of the storm water. If, therefore, it is necessary for
the advocates of sewers, so also must it be necessary for the advocates of
universal dry conservancy, to dispose of storm waters. It is no use to
find fault with a sewer system from which storm waters are excluded, un-
less some mode of removing these storm waters, better than that suggested
by me, is put forth by the objectors. All that I maintain is, that it will
be unadvisable to adopt the Eunropean system of sewerage in its entirety in
Madras, simply because, if rain water is to run in the same channel with
sewage, the discharging capacity of the channel in Madras must be four
times what it is in London for the same area to be drained—that sewers
laid down on this principle will be perfectly useless for eleven months in
the year—and that the cost of them will ruin the Municipality.

Details of Sewers.—The general system of sewers proposed to be laid
down will best be understood by reference to the map of Madras given
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above (p. 2), from an inspection of which the exact course of each sewer
ean be seen.

All the sewers proposed to be laid down in this Project are to be egg-
shaped,—the diameter of the upper arch being double that of the invert.
As it is now generally acknowledged by the Engineering profession that
this is the best form for sewers where the quantity of sewage is constantly
varying, it is unnecessary for me to dwell on the advantages of adopting it
for the Madras sewers.

The formula by which the dimensions and slcpes of the sewers have been
calculated is the one used by Mr. Beardmore in his work, Manual of
Hydrology ;" . -

v =85/ 24
in which v is the velocity of the stream in feet per minute—# the hydraulic
mean depth in feet—and f the fall in feet per mile.

A single example will best explain how the dimensions of the sewers for
the Main Line have been decided on.

It has been assumed that the quantity of water used per head of the
population, may ultimately be as high as twenty gallons per diem. Except-
ing the western portion of the neighbourhood lying to the north of the
Railway, the population of which is about 54,000, the whole of Madras
will be drained through the Main Sewer. If the population of Madras be
taken at 428,000, the total quantity of water flowing into the cesspool in
24 hours through the Main Sewer will be (428,000 — 54,000) x 20 gallons
= 7,480,000 gallons, or 1,196,800 cubic feet. Assume that half this
quantity, or 598,400 cubic feet, will run off in 8 hours, the period of maxi-
mum daily flow, then the quantity to be discharged every minute by the

. . 598,400 cubic feet _ p .
Main Sewer will be 54— < 60 minates. = (say) 1,247 cubic feet.

Now, a sewer 6 feet by 4 feet, laid at a slope of 2 feet per mile, will
discharge upwards of 1,650 cubic feet per second, assuming the co-efficient
of friction to be ‘75. The velocity of the stream would be about 18 inehes
per second. Allowing a large margin for prospective population, I think
if the Main Sewer at its junction with the cesspool is 6 feet by 4 feet and
laid at an inclination of 2 feet per mile, it will be quite large enough. I
wery much doubt if the Main SBewer will for many years be more than one-
third full. But it is safer to make the sewers too large than too emall,

As it is not intended that the sewers proposed to be laid down aceording
to this Project shall remove rain water, it is necessary that the principles
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on which the general system of drainage have been designed should be
explained. In order to utilize to the utmost the natural slopes of the
ground for the street drains, I have run the Main and Branch Sewers, as a
general rule, along the valley lines of each neighbourhood. To ascertain,
however, at what depth they should be placed below ground, I commenced
laying down the street drains from the highest points in each district, and
working down to the Main and Branch'Sewers. The slopes given to the
street drains, which will be earthenware pipes of 6 and 9 inches in diameter,
are such as to admit of the sewage flowing through them at the velocity
of at least 8 feet per second. The 6-inch pipes at the highest points in
each district will be laid at an inclination of from 1 in 150 to 1 in 100.
and, in those streets which are situated nearer the valleys, the slopes of
the drains will be much greater than this. The slopes of the 9-inch pipes
range from 1 in 250 to 1 in 170. In fact, the levels at which the sewers
are put below ground are such as to admit of the pipe-drains in all the
streets being laid at such inclinations as will generally enable them to keep
themselves clear of deposit.

On the accompanying plan of Black Town, the complete system of
sewers and pipes for this district is shown. The general principles of
drainage which I have adopted will be better understood by an examination
of this plan than by any written explanation on my part.

I have given the greatest consideration to the question of slope. Had
the strata on which Madras stands, been favorable to the construction of
sewers at a great depth, I should have laid them at a much greater slope
than that on which they are placed at present, but these strata consist al-
most everywhere of sand or clay, and water is found in all parts at about
the level of the datum line. The building of the sewers, therefore, if they
were put very deep below the surface, would be difficult, and attended with
considerable expense. I have preferred to adopt a medium slope, and
propose to turn the abundance of water to use in flushing the sewers.

The Main Sewer at its head will be 8 feet by 2 feet, and laid at an in-
clination of 4 feet per mile, and at its termination it will be 6 feet by 4 feet
with an inclination of 2 feet per mile. It will start at about the level of
the datum line and will terminate at the level of 16:25 feet below the datum
line. Where each Branch Sewer joins the Main, the dimensions of the
latter will be increasod, and as the Main Sewer becomes larger the slope
will be gradually decreased.

~
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All the Branch Sewers, without exception, are to be 8 feet by 2 feet,
and to be laid at an inclination of 4 feet per mile. They are considerably
larger than they need be, so far as the quantity of sewage which they will
have to convey away is concerned, but it would be difficult to cleanse a
sewer of smaller dimensions thoronghly. I had thought at one time of
using large earthenware pipe-drains for the branch sewers, but the expense
of these would be as great as that of the sewers now proposed.

The entire system of sewers is designed to secure one uniform velocity
(sbout 18 inches per second) for the sewage throughout its flow, from the
beginning to the end of each sewer.

All junctions between the sewers will be effected by Bell-mouth Junc-
tions. '

As fast as the sewage arrives at the end of the Main Sewer, it will be
pumped up by means of steam pumps to a height of 10 feet above the
datum line, and it will immediately enter the Outfall Sewer, which will
carry it to the sea. The position of this Qutfall Sewer is shown in the
map of Madras, above given. Its dimensions are the same-as those of the
Main Sewer at its junction with the cesspool, but while the inclination of
the latter is 2 feet per mile, that of the Outfall Sewer is 3 feet per mile.
This extra fall has been given with the view to secure a greater velocity
for the flow of the sewage, as there will not be those facilities for flushing
the Qutfall Sewer which exist for the other sewers.

A great portion of the Outfall Sewer will run above the surface of the
ground, but the line which has been adopted for it is very favorable, and
no impediments to traffic will in any way be caused by this work.

The Outfall into the sea has been designed with great care. It will be
built of solid ashlar masonry, standing on a groyne of granite boulders
ran out 200 feet into the sea. The invert of the sewer will be on a level
with low water-mark. I think the Outfall will be found strong enough to
resist the action of the surf.

Every sewer will be thoroughly ventilated through charcoal disinfectors.
The ventilators will be placed at about 100 yards apart, and will be so
arranged that dust or gravel fallin? through them from the roads will be
intercepted and prevented from entering the sewers. The dirt can be re-
moved at stated times without interfering with the action of the ventila-
tor.

In connection with every ventilator there will be either a man-hole or
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side entrance leading into the sewer, so that, when necessary, men may
easily enter the sewers to clean or inspect them.

The St. Thomeé and Outfall Sewers being above the level at which water
is found, arrangements cannot be made for collecting water below ground
for flushing them; but for all the other sewers there will be a flushing ap-
paratus in connection with every ventilator and man-hole or side entrance,
as the case may be. The flushing arrangements will, therefore, occur at
intervals of about 100 yards apart, and it is expected that each apparatus
will cleanse the sewer thoroughly up to that point in it where the next
apparatus occurs.

The accompanying plan represents a flushing reservoir in connection
with a man-hole and ventilator. The foul air from the sewer will travel
up the man-hole shaft—pass through the charcoal in the box a, the bottom
and top of which will be made of iron wire netting—and will escape, first
through the opening b, and then through the ventilator g, to the open air.
Any gravel or dust falling through the ventilator will be intercepted in
the chamber ¢, and when it is necessary to remove the rubbish, the trap
door d will be opened, the box & pushed into the recess ¢, and the cham-
bes ¢ will be cleansed through the door f, on the opening of which the
rubbish will fall out and be received in a basket held at the mouth of the
entrance. When the rubbish has been removed, the door f will be closed,
and the box a will be palled out of the recess and replaced in its original
position over the man-hole shaft. Thus, all the foul air that escapes from
the sewer will be made be pass through the charcoal which, it is expected,
will in a great measure, disinfect it.

At the bottom of the man-hole shaft there will be a masonry reservoir
(capable of holding about 350 gallons of water), which will be fed from a
filtering well. The reservoir will be connected with the sewer by an iron
pipe (6 inches in diameter) furnished at one end with a stop valve and at
the other with a sluice gate. The water from the filtering well will pass
into the reservoir through a small pipe, and when the reservoir has suffici-
ent water collected in it, the pipe will be closed by a self-acting ball-valve. -

In order to flush the sewer, the man employed on the work will first
open the trap door at the surface of the gronnd—he will then descend the
ladder, and, pushing the box of chareoal into its recess ¢, pass down to the
bottom of the man-hole shaft. A few turns of the handle fixed to the stop
valve will open the mouth of the flushing pipe, when the water from the
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reservoir will rush through it, open the sluice gate k by the force of its
pressure, and pass into the sewer with considerable velocity. After all the
water has escaped, the sluice gate will fall down by its own weight, and the
stop valve will be closed by the man, who may then leave the reservoir to
fill again, and puss up the ladder to the open air. As soon as the reservoir
is emptied, the water from the filtering well will begin to flow into it, and
m the course of a few hours the whole apparatus will be again ready for
use.

It is expected that a pressure of 2 feet of water in the teservoir will give
a sufficient scouring velocity to the water. If, however, this amount of
pressure should, in practice, be found insufficient, the reservoir can be filled
to the depth of 8 feet by altering the position of the ball-valve.

The Outfall Sewer and the St. Thomd Branch Sewers must be flushed
by forming temporary dams across them and removing the dams snddenly.
This is practised in England and found to answer.

All the sewers and other works will be constructed with machine-made
steam pressed bricks laid in the best hydraulic cement. The inner surface
of the sewers and other works will be lined with asphalte half-an-inch thick,
and the inverts of the sewers will be formed with earthenware blocks of
English manufactare. Round those sewers which run beneath the level
of water, there will be a casing of concrete. A general idea of the form of
the sewers and the manner in which they will be constructed, may be ob-
tained from the accompanying diagram.

- Pumping arrangements.—Assuming that 20 gallons of water will be
used, per diem, per head of the population, the total quantity of sewage
to be raised by the steam pumps daily would be :—
Population of Madras. Gallops.  Ibs.
428,000 X 20 x 10 = 85,600,000 Ds.

And if half this quantity be supposed to enter the cesspool during the 8
hours of maximum flow, the power of the engines should be sufficient to
raise 42,800,000 Bbs. in 8 hours. The average lift from the cesspool into
the outfall sewer would be 26} feet. The power of the pumps, therefore,
should be—

42,800,000 Tbs. X 26} feet
88,000 1bs. xX 8 hours X 60 minutes,

I consider that two engines, each of 36 horse-power, would be ample for

all purposes. I would not recommend the erection of a third engine as a
VOL. IV. s

= say 70 horses.

~
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reserve, for I very much doubt if, for many years, the quantity of water
used daily per head of the population, will even approximate to 20 gallons.
Indeed, one engine of 36 horse-power would, in my opinion lift all the
sewage that might flow into the cesspool during any hour of the day. The
second engine, therefore, would be as a reserve. If, at any future period,
it were found that these two engines were not sufficient for the work
required of them, a third could easily be procured, but it would be very
unadvisable to go to the expense of providing more engine power at first
than could be utilized afterwards.

By the cesspool, to which I have alluded so often, it must not be sup-
posed that a large reservoir for ponding up the sewage for many hours is
intended. This system, which is practised in England, and of which the
most notable examples are to be found in the grand London Drainage
‘Works, is obviously not suited to a country like India where decomposition
sets in so rapidly. The cesspool for the Madras Drainage Works, will be
a small well of, perhaps, 8 or 10 feet in diameter, into which the sewage
will be led for conveniences of pumping. During those hours of the day
when there is a little or no sewage to be raised, the engines will be stopped
and the sewage will be allowed to accumulate in the Main Sewer, which,
in fact, will be the ponding reservoir, and take the place of those enormous
cisterns which are constructed in Europe.

As so many improvements are yearly made in England in pumping
engines, of which the Indian Engineer is not so much as aware, I have
thought that it would be useless for me to attempt the designs for the
engines for the Madras Drainage Works. Much better designs could be
obtained by the Government from some one of the numerous Engineers in
England, who devote their entire attention to this class of work. A few
remarks as to the requirements of the engines for Madras will not be out
of place here. 1st. The boilers must be constructed on the most improved
principles, and with the view to the smallest consumption of fuel in pro-
portion to the work performed. Where, as in Madras, coal is sometimes
not to be had at less than 50 shillings per ton, the necessity for the care-
ful constraction of the boilers, with the olject of saving fuel, cannot be
exaggerated. 2ndly. The furnaces must be made for the combustion of
either coal or wood. 8rdly. In connection with the pumps, arrangements
must be made for separating, if necessary, the liquid from the solid portion
of the sewage: and a filth-hoist for the purpose of raising the latter must
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be erected to be worked by the engines. I would leave it to the Engineer
in England to decide what style of engine should be adopted—whether
high or low pressure, whether condensing or non-condensmg, whether
single acting or double acting, &c.

On receipt of the plans of the engines, the buildings at the Pumping
Station can be designed. With this report is forwarded a plan and sec-
tions of the ground where the sewage is to be raised, and such information
is given on the plan as will enable the Engineer in England to understand
the special requirements of the case.

Street Drairnage.—The street drainage will be effected by means of 9-inch
and 6-inch glazed earthenware pipes of English® manufacture. Only in
one instance will a pipe of larger dimensions be laid down. I propose to
use pipes of these two sizes as the most convenient for the objects in view.
Every street will be drained by & 6-inch pipe leading to a 9-inch sub-main,
which will run directly to the main or branch sewers. The 6-inch street
pipes will usually begin at 3 feet below the surface of the ground, and will
slope down uniformly to meet the 9-inch sub-mains. The least slope for
the 6-inch pipes will be at the top of the ridges in each District (about 1
in 150), and the greatest slope in those streets which are nearest the
main and branch sewers (about 1 in 50). Inlaying down the street drains,
it will be necessary to provide means of access to them at intervals of
about three hundred feet apart, so that they may be easily cleansed
when obstructed. In connection with these entrances leading to the
drains, ventilators and small flushing reservoirs might be formed, similar
to those adopted for the sewers. Where the pipes were above the level of
the water, some other means of flushing would have to be arranged. A
water-cart, with a long hose, would, perhaps, be the simplest plan.

I would strongly urge that the pipes used for the Madras drainage be of
the kind known as ‘“saddle and chair” pipes. If they get broken, they
<an easily be removed, and others can be substitated without shifting more
pipes from their position in the line than the number to be replaced.

House Drainage.—The house-drainage will be effected by three and four-
inch earthenware pipes laid at as great an inclination in each instance as the
internal arrangements of the walls and rooms of the dwelling will admit of.
The pipes will start from the back yard of the house and will issue into the
stroet from under the front door of the dwelling. The admirable system

¢ Why should not thess be mads in Indis ?—{ED.)
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known as “back drainage” in England cannot be adopted in Madras. The
destruction of property would be so great as to put it entirely out of the
question. In London, where there is generally an open yard at the back
of every house, there is no difficulty in draining the houses to the rear—
in fact, it is cheaper to do so, but in Madras the back yard to the house is
surrounded by small buildings, the destruction of which would be necessary
before a pipe could be laid. Every house, moreover, invariably slopes, and
somo very considerably, from the back yard towards the street. To attempt
“back drainage” will be to drain the houses against the natural slope of
the ground. Many objections may be found and urged against carrying
the pipe through the entire length of each mans dwelling and taking it
into the street drain from under his front door, but long attention to this
subject, and a careful inspection of numerous dwellings all over the town,
have convinced me that this is the only method at our disposal. It is
not possible to make use of the present house drains, which are usually
channels of about ‘4 inches square, and run beneath the wall which se-
parates two contiguous buildings, and is common to both. These drains
having been built along with the houses, there is no means of getting at
them except by pulling down the walls, which cannot be done without
causing damage to the dwellings. In many of the streets, the slopes
which have been given to these channels are very slight, and they con-
stantly become choked up in consequence.

I would, therefore, leave the present house drains as the discharging chan-
nels for rain-water, and would lay down three and four-inch earthenware
pipes in the manner already proposed for the sewage. In every yard, or
wherever water may be used within a native dwelling, there would be a
small cistern fitted up with a sink. The earthenware pipe, which would
run from the back to the front of the house, would, in most cases, pass di-
rectly under these sinks and be connected with them by syphon traps.

To illustrate my ineaning, I will take the most ordinary case—a native
dwelling with, say, three open yards, one behind the other, and with a
well in the back, and another in the front, yard. The earthenware pipe
would start from near the well in the back yard, run across the second
yard to the well in the first yard, and thence pass through the dwelling
and out under the front door. It would join the street drain in the
middle of the street. Round each well it would be necessary to put up a
brick dam two or three inches high—just sufficiently high to intercept the



-pasodoid- sbouvap o wmshe oy buamoys
‘GYHAVW N 38NOH FAILYN SSVY1O 18¥Id v 40 NOILI3IS IAIL0348YAd

dunig naeons







ON INDIAN ENGINEERING. 129

water, and sufficiently far from the parapet of the well to admit of the
inmates of the dwelling bathing and cleaning their pots in the space be-
tween the parapet and the dam. A sink would be fixed in this open space
8o that all the water that was used at the well would escape through the
sink and pass at once into the earthenware pipe. In many cases the dam
would not be required, for there is already a channel from each well, and
the sink might at once be fixed in it. Care should be taken not to lay it
at the lowest point in the open yard, as in that case, the rain falling
on the roofs of the houses and ip the yard would enter the earthenware
pipe.

The house drainage should be carried out under the immediate direction
of the Municipal Commissioners. Every house-owner should be at liberty
to lay down the drains in his house himself, subject to the approval of the
work by the Commissioners, or, if he preferred it, the Commissioners
should lay down the drains for him at their own cost, and increase the rate
charged on the house by such a sum as in 30 years would amount to, the
value of the work done, with interest thereon.

I must not omit to explain in this place how I intend that the excrets
should be disposed of. So far as the urine is concerned the matter will be
very simple. The connection at present between the privy drain and the
house drain will be stopped, and the former will be joined to the new’
earthenware pipe through which all ¢he urine will escape to the sewers.
For the removal of the ordure I would encourage, as much as possible, the
system which obtains at present throughout the town,* but I would, at the
same time, try to improve it. The abominable smells in all parts of
Madras are not produced, as is generally supposed, by the excreta of the
population, but by defective drainage. It is the refuse water in the houses
and in the streets into which all manner of garbage is thrown to ferment,
and generate foul gases, that creates the dreadful nuisances so much com-
plained of. 'What is chiefly required to prevent excreta producing a nuis-
ance is a constant inspection of the privies in the dwellings. Although the
ordure is removed daily, yet the privies themselves are not kept clean.
Very often there is a stoppage in the channel which carries away the
urine, or the ordure is dropped on the bare floor from which it is impossible
to remove it altogether. Now, if the Municipal Commissioners would
organize a system of inspection and insist on every householder keeping

® Videpage o .
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his privy in 8 wholesome state, we might soon get rid of the evil. Of
course, the use of clay, ashes, &c., should be encouraged as much as poesi-
ble. This would be nothing more than the dry system applied to dwellings,
and would have this advantage, that each householder would be saddled
with no more than the cxpense of removing the nuisance produced in his
own house and by his own family. The cost of this plan to the Municipa-
lity would really be most trifling. For the first few months it might be
necessary to examine each privy once in every two or three days, but after
& few men had been punished for the filthy state of their privies, even this
amount of inspection would not be called for. A weekly inspection would
subsequently answer every purpose. Twenty-five Native Inspectors would
suffice for the whole of Madras. In each District there should be one
European or East Indian Superintendent, who should keep the Inspectors
up to their work, and receive their daily reports. Both the Superinten-
dent and the Inspectors should have no work but that of looking after the
privies.

If each Superintendent received 80 rupees, and each Inspector 7
rupees, monthly, the total yearly cost of (say) eight Superintendents and
twenty-five Inspectors would not amount to 5,000 rupees. The only
objection which may be urged against this scheme, is, perhaps, that the
householders would object to the privacy of their dwellings being invaded
for the inspection of their privies. But, considering that ultimately the
privies would not require to be inspected more than perhaps once a week
or 8o, and that sweepers at present enter each house every day to clear
away the ordure, the above objection would really be an absurd one.

The best system for the removal of excreta is the sewer system—provid-
ed that pleaty of water can be employed to carry away the urine and
ordure, and that a liberal use can be made of some deodorizing solution to
prevent effluria. There is nothing to equal the water-closet for cleanliness
and wholesomeness. It acts perfectly if deodorizers are used as well as
water. Both deodorizing and antiseptic solutions will, before long, be
procurable at prices that will admit of their free use even by householders,
but many years must elapse before every house in Madras is supplied with
water. Until then, I am satisfied that it will be best to continue the
present system.

Utilization of Sewage.—Having now explained the Project generally, it
is necessary that I should return to a point in connection with it, to which
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1 have hitherto only alluded, in order that the description of the works
should be as clear and uninterrupted as possible. Under the heading ¢ Ob-
jections to Sewers,” I have already attempted to prove that sewage is
valuable manure, and that those who are best qualified to speak on the sub-
ject are unanimous in their opinion, that it should not be wasted but applied
to agricultural purposes. It is unnecessary, therefore, that I should repeat
the arguments in this place. The points to which I now wish to draw
attention are the very favorable position of Madras for the utilization of its
sewage, and the rare ogportunity thus afforded to Government of making
an experiment on a large scale on this very important question of the
day.

The land on which it is proposed to use the sewage, lies to the north-
west of Madras. It is a portion of that extensive low-lying tract stretch-
ing toward the north, along which the canal rans. The average level
of the land is from 2 to 6 feet above datum (mean sea level). It is not
possible to say how much land will be required; that will depend on
the quantity of sewage available. But if this quantity should be even ten
times as much I have allowed for, there isenore than sufficient land for the
purpose. The only objection which I can conceive will be made to the
use of the sewage, iz the general one that a nuisance will be created
in Madras whenever the wind blows over the sewage-irrigated land to-
wards the town. This objection I shall, therefore, at once attempt to
meet.

The accompanying Chart shows the number of days in the year the
wind blows in Madras from each point of the compass. All those winds
marked with arrows are winds which would convey the smell of the sewage
away from Madras. The other winds would blow over the sewage Jands to
some one or other inhabited quarter of the town. Now, a glance will
eonvince any one by how very much the favorable winds exceed the un-
favorable ones. While the latter blow for less than three months, the
former blow for more than nine months of the year. It must not be
sopposed that ¢ach wind blows continuously during the number of days
marked in the Chart. What is meant to be shown is, that the total
number of days in the year during which the wind blows from any one
point of the compass amounts to that shown in the Chart. The winds N.
E. by N. and N. N, E,, which I have marked as unfavorable, are really in
only » very slight degree so, for they wonld have to travel nearly two
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miles before they reached the nearest inhabited part of Madras, which
would be the outskirts of Pursewakum. The nuisance, if there were any,
which I altogether doubt, would, at all events, be so very slight as to be
scarcely felt.

On the accompanying Map of Madras I have shown the position of the
sewage-irrigated lands, and have projected the directions of the winds so
that the course taken by each may be at once seen. The only winds, if
any, which would be positively unfavorable, are those which blow from
between W. by N. to N. by E., but, practically speaking, there are no
winds from between W. to N. Only occasionally, for a day or two in each
month of the year, does the wind blow from the points between these
quarters. It ncver continues in them. To render this clear I have drawn
the accompanying diagram which shows the number of days in every
month of the years 1847, 1848, 1849 and 1850,* during which the wind
blew in Madras from each point of the compass. It will be noticed how
thinly scattered over all the months of the year are the days on which the
wind blew from between N. and W.

I think it will now be admitged that no inconvenience will be likely to
arise from the use of the sewage on the site I have pointed out. But
should the Government have any doubt on the matter, it would be very.
easy to select a much better site by going further away from Madras. Itis
a question of expense only, for the farther the land is situated, the longer
must be the channel which conveys the sewage to it. I have merely
chosen the nearest site on which I consider sewage might be applied with-
out objection being made. My opinion is that the sewage might even be
used around the very spot on which it is pumped up from the cesspool,
without any nuisance to the inhabitants.

T had partly designed an Irrigation Sewer, but I subsequently decided
not to complete it, as it was essential to know first what site the Govern-
ment might select for the utilization of the sewage. The great advantage of
using the sewage will be the saving effected by not having to construct the
Outfall Sewer, a work that will cost about three lakhs of rupees. Besides
this, the sale of the sewage may be expected to realize a considerable sum..

I beg respectfully to urge on the attention of Government the great im-

® I have not selected these years, but the Government Astronomer (N. B. Pogson, Eeq.), gln\mo'

the recordsof them as being those which were in the most convenient form for reference. No records
of later years have as yet been published,
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