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PREFACE 10 VOL. II.

Tae Second Volume of the New Series has now been completed :
forming the Ninth Volume of Professional Papers on Indiag
Engineering” Edited at this College.

Of the thirty-five papers published in this Volume, eighteen
relate to Canals, ‘Water-Supply, or works connected with Irri.
‘g‘ation: three are descriptive of Public Buildings: four deal with
appliances for, or details of Building Construction: four discuss
Mortars and Cements : three contain investigations of Stresses
in Structures : while Tramways, Rates of Work, and Railway.
Tirgg Tables have each an Article devoted to them. Thus it
will be seen that this publication” embraces among its contribu.
tors more wrilers on Hydraulic Engineering than on any other
branch of the Profession in this country.

As it is desirable that these papers should present to Indian
Engineers -descriptions and drawings of the latest works in all
departments of Engineering in the country, and the results of
experience, investigation, caloulation or discussion in the many
interesting, and often difficult, problems connected with every
branch of Engineering practice in the country, I would continue
to urge on all who take an interest in such questions the claims
of this publication to their support. If well supported both by
Subscribers and by Conmtributors of articles from every branch
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“of the Profession in the Country, these papers cannot fail to
furnish & most useful medium of discussion on important En-
"gineering problems, and of disseminating a knowledge of all
yecent practice: and on these grounds they would seem natur-
_ally to claim willing support from every Engineer in this coun-
‘try, both in his own interests, and in those of his fellow workers.

In this present Volume the Articles by Major Hector Tulloch,
form a most complete and exhaustive essay (well worthy of
careful study) on the History of the Water-Supply of Bombay,
and on the several possible modes of improving this supply, to-
gether with collateral discussions of questions intimately con-
mected with the general subject of Water-Supply. Capt. Cun-
ningham’s Article on the * Stability and Strength of Masonry
‘Well Foundations in Quicksand,” is a most valuable contribution
to the Mathematics of Engineering, and involves investigations

" in a problem hitherto almost untried: in this Article the whole
subject in all its bearings has been for the first time (I believe)
thoroughly and scientifically discussed, and results have been
given in a form suitable for the calculations of the practical
Engineer. ‘

A third Volume will be commenced in January, to consist of
four quarterly numbers issued in January, April, July and Oec-
tober, 1874 : the cost being Rs. 14 for Subscribers in advance:
but Rs. 4 per quarterly number for those paying in arrears:
and for purchasers of single numbers.

A. M. L.



INDEX » VOL. IL

[SECOND SERIES.)

Bridge Foundations, Kalsi Suspension. By Lieut. J. T. Wright,
R.E, Assistant Engineer, D. P. W.,

Breeks' Memorial School at Ootacamund, Nilagirries, Mndras Pre-

sidency, The, By Capt. J. L. L. Morant, R.E., Assoc. Inst. C.E.,
F.R.G.B,.

Canal of’ memum Cost, The By A G. Mumy, Esq, C E, Exec.
Engineer, ... e e

Canal Water, sttnbutlon of. By E. A, beold Esq., Exec. En-
gineer, Sirhind Canal, . .

Cement, Margohi. By P‘ De;oux, Esq, Exec Engmeer, Cement
Experiments Division, ...

Clock Tower, Delhi. Oommnmca.ted by E. J Martm Esq, C. E
Exec. Engineer, .

Country about Bombay, with reference to the « Bombay Water-Sup-
ply,” Description of the. By Major Hector Tulloch, R.E., ...

Dame, Masonry versus Earthen. By Major Hector Tulloch, R.E.,
Exec. Engineer, Bombay Municipality, ...

Ewoor Project for “ The Water-Supply of Bombay,” The By Ma_]or
Hector Tulloch, R.E,, ...

Excavator, Ive’s Patent. By R. T. Ives, Engmeer, Depnrtment
Public Works, -

Flame-Kiln, Bull's Patent ¢ Oblong " By W. Bull, Esq.,, C.E,,
Resident Engineer, O. & R, Railway, Lucknow,

Ganges Canal, Eastern. Compiled by Editor, .

Hydraulic Brake and Tumbler Bhutters, Fouracres’. By C. Four-
acres, Esq., C.E., -

oo eoe

(Y see

PAGE,

810

827

878

111

215

69

245

815

814
88

31



4 . INDEX.

M Project for “The Wlter-Snpply of Bombay,” The. By
ﬂl)or Hector Tulloch, R.E,, ... e . ¢ one

Kmnery Pro;ect for “The Water-Supply of Bombay,” The. By
l[ajor Hector Tulloch, R.E., ... o

Klmkur Martars and Concrete, Report on Expenments made on.

.- By A. Nially, Esq., Agsistant Engineer, ...

Level in Canals, Retrogreaslon of. By E. A. Sibold, Esq, Exeo
Engineer, ... e

Masonry Conduits versus Iron Plpes By MB.JOI' Hector Tulloch,
R.E., .

Offices of the 'Mysore Government nt Bangalore By Lieut.-Ool.
R. H. Sankey, R.E., Chief Engineer, Mysore, -

‘Pisé, Building in, - .-

Pillars, Transverse Strain in. By Capt. Allan Cnnnmgham,
R.E., Hon. Fellow of King’s College, London,

Portland Coment at Kurrachee By W. H. Price, Esq., M Inst.
C.E., Buperintendent, Kurrachee Harbour Works, ...

Puentes Dam, Failure of the. By Capt. C. E. Shepherd, B. 8. C

. Assoc. Inst. CE, ... o
Quantity of Water for Various Crops By W. Ww. Culcheth Esq.,
C.E., Exec. Engineer,... e e .

Bandstone and Mortar to Thrusting Stress, Resistance of. Report
. by G. W. MacGeorge, Esq., Exec. Engineer, Kanhan Division,

Selenitic Mortar, Experiments on. By Capt. E. V. Twemlow,
R.E., Exeo. Engineer, Belgaum,...

Summary and Recommendations for ¢ The Water-Snpply of Bom-
bay. By Major Hector Tulloch, R.E., ...

Tansa Project for “The Water-Supply of Bombay,” The. By Ma.Jor
. Hector Tulloch, R.E., .

Txme Table, Graphic. By Horace Be]l, Esq, Em Engmeer,

Holkar (State) Railway, . o .
moolsee Project for “ The Water-Supply of Bombay,” The. By
Mqor Hector Tulloch, R.E,, ...
Tesmway, Addis' ingle-Rail, ... i -

«}Vehd‘ Lake Extension Project for ¢ The er-ﬂnpply of Bom-
", bay,” The. By Major Hector Tulloch, R.E., e e

PAGE,

280
115
141

157

408
153
824
897
145
400
108
866

831

289
319

254



INDEX. i

»
PAGE.
Water-Supply of Bombsy, History of the. By Major Heotor
Tulloch, R.E,, e 178
‘Well-Foundations, On. By Capt. Allm Cunnmghum, R.E., Hon.
Fellow of King's College, London, . 257
Work in Berar, Rates of. By R. G. Elwes, Esq., Asst. Secy. to
Govt., Hyderabad, ... “ .y, " we 96

LIST OF PLATES.

ProToarAPHS.

Offices of the Mysore Government at Bangalore (Frontispiece), ... 1

Delhi Clock Tower, e 111
Exaravine.

Addis’ Single-rail Tramway, - 3819
LiTHOGRAPHS.

Public Offices, Bangalore. Plans and Sections, e 2

Example of a Graphic Time Table, ... v we 8

Fouracres’ Hydraulic Brake. Shutter (32)—Brake and Tumbler
Shutter, Elevations and Section, . w86

Eastern Ganges Canal. General Map showmg the Proposed East- -
ern Ganges Canal and Branches (88)—Drainage of the Ramgunga
Doab, cre one .. 62
Masonry versus Earthen Dams. Types of French and Spanish
Dams (72)—Cross Sections of various forms of Dams (78)—
Section of Dam proposed by W. J. M. Rankine, Esq., e 86
Delhi Clock Tower. Ground Plan, Elevation, and Bection of
Tower, . e 112
Report on experiments made on Kunknr Mortars and Concrete.
Plans and Sections of Perpetual Kiln for Burning Limes and
Cements, ... e . 128
Retrogression of Levol in Ounls Scetlonl showmg Ratrogrel-
sion of level on different reaches of the Baree Doab Canal, .., 142
History of the Water-Snpply of Bombay. Capt. Turner’s Projeet '



, i, ==(176). Bketch from Captain Crawford's'Report (180)—Map
. 'of the Vehar Valley, Lieut. De Lisle’s Project (182)—Plan of

. INDEX,
™ N

PAGE.

~ the Proposed Lake at Vebar, Lient. De Lisle’s Project (182)—
. 'Plan to illustrate Mr. Conybeare’s First Project (184)—Plan

showing the Vehar Lake, (Gathering Ground, and Line of Pipes,
Mr. Conybeare's Second Project, (186)—Plan showing method
of Filtering and Dra.wxﬁg the water, Mr. Conybeare’s Second Pro-

" jeot (186)—Contoured Plan of the Vehar Reservoir, Mr. Cony-

beare's Second Project (188)—Plans and Sections of No. 1 Dam
and of Waste Weir (188)—Plans and Sections of Nos. 2 and 8
Dams (188)—8keleton Map of Bombay showing the Lines of
the Main Pipes in the Island (190)—Plan of the Fort and Town,
showing the Street Service (190)—Plan of Proposed Reservoir

, at Bhewla, Mr. Aitken's Project (202)—Sections of Shewla and

Poway Dams, Mr. Aitken’s Project (202)—Kennery Reservoir,
Plan and Sections of Dams, Mr. Aitken’s Project (204)—Plan
of the Poway Reservoir, Mr. Aitken's Project (204)—Plan of
the Toolsee Valley and Reservoir, Capt. Tulloch’s Project (212)
~—Toolsee Reservoir, Sections of Dams and Outlet Works, Capt.
Tulloch’s Project, ... oo ve . -212

Description of the Country nbout Bombay, with reference to the

¢ Bombay Water-Supply.” Index Map showing Proposed
Project at one view (215)—Sections of Valleys near Dhamnee
(218)—Rections across Matheran and Khalapoor Valleys (218)—
Bection of Mohoghur Valley, Plan of Tondlee Reservoir, and
Bection of Tondlee Dams (224)—Section across Bhewndi Valley,
Plan of Lakewlee Reservoir, snd Section of Dam, ... . 226

The Kennery Project for “ The Water<Supply of Bombay.” Map

of Balsette (230)—Contoured Plan of Kennery Reservoir (282)

. ~—Bections of Kennery Dam (282)—Sections of Line of Chanuel

from Kennery to Koorla (284)—Plan of Upper Koorla Reser-
voir, and Bections of Dam (284)—Section of Line of Pipes
from Koorla Reservoir to Bombay, . - 286

The Ewoor Project for ““The Water-Snpply of Bombny Con-

toured Plan of Ewoor Reservoir (246)—Sections of Ewoor .
: Dams (246)—SBection of Line of Channel from Ewoor to Koorla, 248



IXD~X.

On Well-Foundations, Vertical Section of Pier and Well, and

Velocity and Pressure Diagrams, e e
Ball's Patent ¢ Oblong ” Flame Kiln for continuous firing, ...
Excavator for Deep Well Foundations. Elevations, .. e

Breeks' Memorial School. Ground Plan, Front and End Eleva-
tions, Traneverse and Longitudinal Sections (828)—Details of
Doors and Windows (828)—Details of Roof, Ohimney Piece,
Cornices, Window, Cill, &c., ... .

The Tansa Project for ¢ The Water-Supply of Bombay ? Oontonr-
ed Plan of Tansa Reservoir (882)—~8ections of Tansa Dam
(834)—Outlet Works for Tansa and other Projects (884)—
Section of the Line of Channel and Pipes from Tansa to Koorla
(886)—8ection of Line of Channel and Pipes from Tansa to
Koorla, (continued,) ...

The Kamun Project for ¢ The Water-Supply of Bombay.” Con-
toured Plan of Kamun Reservoir (846)—Sections of Kamun
Dams (846)—Section of line of Channel from Kamun to Koorls
(848)—Plan of Lower Koorla Reservoir, ... « ... .

Distribution of Canal Water. Sketch of Distributing urrangements,

Building in Pisé. Plan and Side Elevation of Pisé Box,

Camp Stove. Plan and Elevations.

v

PAGE.’

294
814
816

830

836

850
894
418






No. LXIIIL.

OFFICES OF THE MYSORE GOVERNMENT AT
BANGALORE.
[ Vide Photograph and Plate I.]

By Lizor.-CoL. R. H. Sankey, R.E., Chief Engineer, Mysore.

For some 87 years prior to the construction of the new range of build-
ings—the east front view of which forms the frontispiece of the present
number—the Chief Officers of the Mysore Administration were located in
the Fort of Bangalore, and in hired houses at various parts of the station,

Sir Mark Cubbon had continued till his retirement in 1861, to hold his
office in the ancient palace of Hyder Ali in the Fort, and notwithstand-
ing the native inscription on this building declaring it to be the admir-
ation of the heavens,” nothing probably showed more conclusively the
stern economy of the old Commissioner’s administration of the finances of
the Province, than the fact of his consenting year after year to transact
business in this singular old structure. The main block consisted of a
long, low, ill-ventilated, ill-flavoured, ill-divided and rickety double storey-
ed building, which was at once the torment of all who had to use it, and
the despair of the Officers who were charged with the duty of preventing
it from falling down, All this portion has now been cleared awyay. An
adjoining block which housed the Treasury, Military Assistant’s Office, &e.,
still stands, and as the architectural features are picturesque, pleasure seek-
ers have found means in the happy application of white-wash, &c., to
adapt it for an occasional dance, perfectly regardless of the all pervading
dry rot.

-The extreme inconveniences of the main building, the fears of sudden
collapse, distance from the station, and the nuisance of scattered offices
led at length in 1857, to the submission of a project embracing all head
quarter offices under one roof; but the mutinies interfering, it was not

VOL. I1I,~~SECOND SERIES. B



2 . OFFICES OF THE MYSORE GOVERNMENT AT BANGALORE.

till 1860 that the first design went up to‘the Government of India. This,
however, was rejected, and after much discussion, & revised design by the
writer of the present notice was accepted, and carried into execution.

No small difficulties presented themselves in the selection of a suitable
site, partly from objections to placing the building on any of the military
parade grounds, which occupy the only approximately level portions of
Bangalore, and partly from the high compensation demanded by private
owners for other eligible positions. At length, however, a site was fixed
on, which had originally been specially named by 8ir Mark Cubbon (whose
bronze statue by Marochetti, now appropriately stands in front of the
building). It lies immediately beyond the western extremity of the
general parade ground, and so far as mere position goes, is as centrical,
with reference to the pepulations of the Pettah on one side, and the Can-
tonment Bazaar and Military station on the other, as could be desired ;
but it fails in some minor points.

From the peculiar conformation of the ground, the building is neither
sufficiently elevated, nor is it placed as squarely as could be desired to
the parade ground which it fronts. Furthermore the ground sloped
away so rapidly, as to necessitate the adoption of a plan of building
unduly long with reference to its breadth ; and again the whole surface of
the ground was so cut into by deep nullahs, (one of which was 90 feet
wide and 80 feet deep, while another had been employed always for
escalading drill,) and encumbered by rocks, gravel pits, &c., that at first
it seemed hopeless to do more than provide standing ground for the
work,

By much patient labor, most of the eye-sores which at first were so
conspicuous, have now disappeared; and as year by year the trees of the
“Cubbon” Park round the Offices increase in number and size, mat-
ters will improve, though necessarily the original defects, due to the
difficulties of the position, as above explained, must remain, although
they may not be so observable.

The general appearance of the buildings as seen from the parade or
east side, is shown by the frontispiece,. There being no projecting blocks
on the west face, the outline is more in repose as viewed from that side.

The following are some particulars regarding amount of accommoda-
tion, cost, and constructive features of the work, which having been
eommenced in October 1864, was finished and occupied by April 1868.
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OPFICES OF THE MYSORE GOVERNMENT AT BANGALORE. 8

The offices accommodated at present are—
1. Chief Commissioner’s, General Becretary, &ec.
- 2. Judicial Commissioner and Court.
8. Chief Engineer and Secretary, P. W. Department, Superin-
tending Engineer for Irrigation, Controller, &ec.
4. Director of Public Instruction.
5. Conservator of Forests. ,
6. Deputy Accountant General and Government Treasury.
7. Buperintendent of Government Press.
8. Small Cause Court.

It baving been found inconvenient to continue the arrangements made
for the Government Press, a new printing office has been under construc-
tion, and is now nearly ready for its reception, and the space thus set free
will be devoted to other Departments connected with the central adminis-
tration, viz., the Inam Superintendent, the Military Assistant to the Chief
Commissioner, and the “ Anchay” or Mysore Post.

The general dimensions of the building are—Total length, North to
Bouth, 636} feet, subdivided thus—

Length. I Breadth, Height.
ft. in, ft. in. ft. in.
Central block, .. . . | 197 7 4 104 | 58 &

Wings (each), .. o oo ool ysel 6 | 55 | 11 ]| 48 8}

Body (two connecting lengths between
wings and centre block, each), .. | o594 104 | 67 10§ | 4 %

The spaces provided are—

Occupted | Unoccupled | mopo ooon

:splfes (ﬂo;m pied and une

of rooms), occupied,
square foet, :‘nu l"! w’ square feet.

Ground floor, .. .0 .. .. .. | 24910 85105 | 60,015
Fist et e ee  ee| 84606 | 25409 60015
Second ,, (in centre block only), .. 5,581 719 6,300
Total, .. 65097 | 61,283 | 126,330

[}
- ' -




4 OFFICES OF THE MYSORE GOVERNMENT AT BANGALORE.

“The unoccupied spaces, it will thus be observed, very nearly balance
‘those actually utilized in the shape of rooms and courts. This large pro-
portion is mainly owing to the fact that the main walls of the building
on all sides are shaded everywhere from the direct rays of the sun by
verandahs or porticoes. The ample provision also made for staircases and
intercommunication between the several offices—all of which, moreover,
have their separate and distinct entrances—contributes to this result.

Here also it may be observed that from the presence everywhere of
verandahs, and the peculiar construction of door adopted, (lower portion
being panel, next venetian, upper part glazed, and above all a fan-light
-ventilator,) hardly a ray of direct sun-light finds its way into the building,
while at the same time there is abundant light and ventilation.

The total cost of the building, exclusive of compensation for site, and of
levelling, &ec. (which was heavy), was Rs. 8,68,981, which taking the area
occupied on the outside lines (60,015 square feet) gives the rate over all
of Rs. 6-2-4 per square foot of ground plan.

The foundations are everywhere sunk to gravel, which, as a rule, under-
lies everywhere the red surface soil of much of the Province.

Wings, .. .. .. 4 feetdeep.

Foundations of { Central block, . 4,
Body, e 4 »”

and both the foundations themselves, as also the walls in superstructure of
the basement and first floor, are throughout built of what is locally termed
¢ burnt stone,” (¢. e., gneiss which has been split in lamine by fire from
the parent rock—altogether an unexceptionably fine material) in chunam.
In places where old nullahs crossed the site, the foundations go down to
14 feet, and large slabs of stone 6 to 9 feet long, are placed for distribut-
ing the pressure.

The walls above the first floor are of brick in chunam. Throughout the
whole of the ground floox “burnt stone ” slabs 4 inches in thickness, have
been employed for flooring both verandahs and rooms, while on the first
story, teak-wood planked floors (calculated to bear 60 Ihs. on the square
foot) are enfployed. The verandahs here are simple terracing with a mat-
ting made from the outer rind of the bamboo, which with a little attention
is fo\mt} to answer very fairly.

The roofing throughout consists of the ordinary description of terracing
employed in Southern India (one course of terrace bricks-on-edge, three
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inches of concrete, two courses of flat tiles and plaster—~weight 68 ibs. per
square foot), and the scantlings everywhere employed are taken from -
the tables calculated by the writer, and published in Vol L of the ¢ Profes-
sional Papers on Indian Engineering” [First Series]. The pent-roofs
of wings and central block, thongh likewise consisting of terrace, have
their upper surfaces modelled in imitation of Grecian tiles, and along both
ridges, eaves, &c., specially moulded ornamental tiles of correct form have
been employed.

The contractors who carried out the building with scrupulons honesty
from first to last—Messrs. Wallace, Bumselal Abeerchund, and Narrain~
swamy Moodlear—showed much resource in all their arrangements, and
especially in the ornamental portions, moulding and burning the Ionic

* volutes of both large and small capitals throughout, in correct form. They
likewise made their own arrangements at Moulmein, and shipped the whole
of the teak employed in the work, all of first quality. Mr. Wallace,
who was the working partner, deserved much credit for the intelligent and
painstaking supervision he devoted to the work throughout the whole
time it was in hand. .

Among other constructive features of the building may be mentioned
the disposal of the roof drainage. This is taken down in copper pipes
(spaced 25 feet apart generally, with good sinks above, and five inches
in diameter throngh the main walls.

By counter sloping the veralidah roofs everywhere, and by making the
ends of the pipes debouch into culverts which encircle the building, (from
four to five feet below the surface), the whole drainage is thus taken off
without running over and disfiguring the outer walls, and is in fact,
transferred to points distant from the building.

As this system of disposing of roof drainage has frequently led elser
where to trouble from the difficulties of adjusting the pipes properly in
oourse of construction, it may be as well to mention that great care was
bestowed on this portion of the work from the first. The copper pipes in
lengths of four feet, were carried up “pari passu” with the walls, and
always in advance. The longitudinal seam was knuckle-jointed and
rivetted, while the junction of each length of pipe was simply, butt jointed,
collared and white leaded.

In course of construction, interference on the part of the work-people
had to be continually guarded against, they on some ooccasions having
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been found wantonly to injure or interfere with the pipes: once or
twice they managed to throw down a large quantity of mortar and
gravel when the walls were well up, thus giving most serious trouble,
Considering all attendant difficulties, the results have, however, been very
satisfactory. -

From first to last, about 20 joints have shown weakness, but these
being readily cut down into from the outer faces of the walls, all further
leakage has been stopped by making & small basin round the outside of
the joint, and pouring in specially prepared plaster of paris. There can
be little doubt that instead of being ¢ butt,” the pipes should have been
spigot and faucet-jointed, which with plaster of paris or cement outside
each joint, would have saved all future trouble, As it is, however, the evil
is quite a minor one and readily corrected.

The building has now settled most regularly throughout, showing only
very slight inequalities of settlement in three places, and these quite un-
important. The roof on the whole has behaved very well. Along the
¢ valley” over the main walls which carries the drainage, a slight yield
and “kick” of joists has produced a thin longitudinal crack which give
rise to & little “ weeping” after heavy rain ; but the cure for this is readily
applied in the shape of a small parapet wall along the valley weighting
and thus preventing any further rise in the ends of the joists. Now that
the building has fairly settled, this remedy can be effectually applied. It
would no doubt have been better had the small weighting parapet been
" built doring first construction.

The heavy and massive cornices of the central block have also produced
a longitudinal crack, and some leakage. The remedy for this, however,
will be simple, and it is hoped effective.

Altogether few roofs have probably given less trouble, and the little
leakage that exists is susceptible of easy correction.

It was at first proposed to face the building with stone, but the im-
possibility of doing this was soon demonstrated by the prohibitory cost -
of cutting the requisite mouldings in the hard ¢ gneiss” of this part of
India: plaster surfaces and mouldings had therefore to be resorted to.
The system of interior drainage having preserved the surfaces from all
run of water, it became of importance to apply a description of coloring
shich should not in process of time need renewal, and this was effected by
grinding up one measure of fresh burnt lime with two measures of clean
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river sand, and as ufficient quantity of the light red ochre procurable in
every bazar. The resulting wash having a pleasing creamy color, and
being applied in the usual way, was found not to rub off after a month,
and the whole surfaces are now weathering out satisfactorily. No outer
re-coloring should ever be required. The cost of this wash is about 6
annas per 100 square feet.

The following are some of the main items of the work, with rates, as
actually executed under contract :—

RATE. CosT.

Description. Quantity.,
RS,

A.ll’. RS. IA. P.

Earth excavation, cubic yards, .. . %,120 .0 1] 8 751 | 6[ 1
,» filling, w w e .| 3462 0| 2| 8| 77| 6|0

Stone in chunam (up to 20 feet above
formation level), 100 cubic feet, } 2,83,838 | 18 |14) 339,852 | 8| 0

Brick in chunam (from 20 to 55 feet, above
formation level), 100 cubic feet, l 2,99,187 | 19 | 7] 2/58,176 | 4| 0

Arch work in chunam, do., do., ..|] 81,8183)2| 0| 0| 8253| 0| O

Grlo(‘)l(?gqi::lgge tsmth gneiss slab?.&c.),} 20954 | 17| 8| o| 7,66 |15 2
Upper verandah terracing, . .| 19,180 [ 24| 0| 0| 4,591 | 8| 2
Roof terracing, square feet, oo . 87,629 |80 | Ol 011,288 [11| 2

» inimitation of Grecian tiles,sq.ft., .. 21,786 (45| 0| 0| 9,803 (11| 2
Teak wood planked floor, . .| 87,617 150) 0| 0/18,758 | 8| 2
Wood-work in beams, and joists (teak} 27745 | 8| 8| olor,07 | 8| 0

wrought and put up), cubic feet,
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GRAPHIC TIME TABLE.
[ Vide Plate IL.]

By Horace Beiy, Bwec. Engineer, Holkar (State) Railway,

Tre clearness and succintness of the graphic method has recommended
it for adoption in lieu of figure tables in many kinds of business; but-
it is, somewhat strangely, little used, as far as I am aware, in railway
work. For the purposes of a Railway time-table it appears to be admirably
suited, as will be seen by reference to the accompanying Plate. The En-
gineer and his men can see at a glance when they have time to stew a
road, take out rails, or lorry, from place to place. Drivers and guards see
clearly their time and position in cases of break down, and the traffic
department would find it particularly useful in seeing when to put in,
or cut out, trains; a point which might save much time, and confusion in
running specials, or troop and supply trains, in emergencies or time of
war. 1 first saw a graphic table when passing through Bavaria during
the war of 1870, when as may be supposed a large proportion of the
trains were ¢ Militarergénzungsziige,” (Military supplies.) The tables
were lithographed and printed either on paper, or for out-door use, on
strong slightly glazed cloth, These latter were, I judged from those I
, 8aw, occasionally used for less technical purposes. It will be noted that
‘on single lines the trains cross of course only at stations—on double lines,
snywhere. Also, that the quicker a train, the less the angle made with
the perpendicular.

: . H. B.



1

e s

X
» s
‘\
\\
=
N
/
i
/
\
\\
\ |
ly;' 4

V.4
630
.
K
1«;-
2¢
LY
\‘
’
J
/

(powwere) 2plfT ESS | © AT TIONI8
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No. LXYV.

MARGOHI CEMENT.

By P. Driovx, Esq., Ezec, Engineer, Cement Erperiments Division.

GENERAL REMARKS ON GHooTING LIMESTONES.

Tee nodular limestone, called Ghooting or kunkur in India, generally
is by its chemical properties the combination of a hydraulic stone and a
cement stone, rather a little too rich in clay, so that when the stones are
not too hard to break, pulverizing and mixing them with sufficient water
to form a rather hard paste, and then making small bricks or balls and
burning them sufficiently, will enable the manufacture in some cases of
Portland or slow-setting cement, and in other cases a kind of Roman
cement or quick-setting cement. When the ghooting is burnt, as is
generally done in Bengal, the part which is slaked when taken out from
the kiln is the part containing the quantity of .clay necessary to make
good hydraulic lime; large portions of the parts which are not slaked are
those containing more clay and are cement stones ; but as generally they
ct'mtgiu too large proportions of clay, it will not do to burn those portions
again, but, on the contrary, it will be better to burn the whole until they
cannot be slaked.

The following details will serve to explsin my reasons for adopting this
opinion.

I.—When I have to conduct the analysis of a stone of the same kind
a8 & ghooting-stone, I select from a cubic foot of stone a dozen pieces of
different shapes, sizes, and appearances ; I pulverize them roughly, and
mix as much as possible the powder so obtained,
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1 take afterwards a small quantity of it, and reduce it by mesns of an
‘ag@ate mortar into an impalpable powder, of which, when dried, I take &
guantity weighing 150 grains, and it is on this last quantity that the
analysis is conducted.

IL.—Proceeding in this way, I found that in the Bengal ghooting-stone
the proportion of clay various from 10-50 to 88:38 per cent., the average,
however, being 25 per cent.

‘Now, if we look to the analysis of the lime believed to be the most
hydraulic of all the limes known, viz., the lime of Theil, (France,) we
find that the limestone from which that lime is obtained contains only
1490 per cent. of clay, and we may farther say that few hydraulic lime-
stones at home contain more than 15.per cent., and none more than 20
per oent. of clay.

IIL.—The analysis of the ghootmg stones giving an average propor-
tion of 25 per cent., they could naturally be taken for cement stones, but
experience proves them to be only argillaceous limestones.

Therefore we can only say that, if the ghooting-stones were more homo-~
geneous, they could have been classified in the category of natural cement
stones, _

To prove this opinion, I may say that, if we separate some nodules
from a piece of ghooting taken in its natural state, it will be found that
they generally differ in texture and appearance, and that analysis shows
that while some contain as much as 50 and 55 per cent. of clay, others
are very nearly pure carbonate of lime.

From the experiments I have made, I feel suthorized to say that as
regards the generality of ghooting-stones, those which contain from 20
to 25 per cent. of clay are very hydraulic limestones, while those con~
taining only from 10 to 14 per cent, are feebly hydraulio.

As regards those in which the proportions of clay exceed 25 per cent.,
they produce only a small quantity of lime, and the pereentage of portions
which cannot be slaked increases proportionately with the quantity of clay.

I have been able to verify the truth of these last remarks in many
places in Lower Bengal, where large quantities of ghooting lnne are
manufactured.

I may, however, state that some ghooting-stones or kunkur may. hﬂ
found sufficiently homogeneous to follow the ordinary rules of hydranli
Yimestones, but such may very seldom be the case.
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IV.—When such  stone as ghooting has been well burnt, all the pro.

portions containing less than 20 per cent. of clay slake when immersed
in water, but the portions containing an excess of clay, called generally
¢ refuse ghooting” in Bengal, remain inert.
' V.—Now, supposing that, after having burnt ghooting-stone containing
an average of 20 per cent. clay, the half only of the total quantity (which
we will suppose to be 100 cubic feet) slakes and yields an ordinary hy-
draulic lime; it must be taken as a datum that this lime proceeded from a
limestong containing about 10 per cent. of clay.

Consequently the 50 cubic feet of refuse ghooting, which did not slake,
must be considered as an argillaceous limestone, containing about 30 per
oent. of clay ; bearing in mind that the proportion of clay in the total
quantity of 100 cubic feet of ghooting was 20 per cent.

Therefore I draw the conclusion that this ghooting must be considered
as the agglomeration of two different stones, f. e., while one yields 10 per
oent. of clay, and produces an ordinary hydraulic lime, the other contains
80 per cent., and may be transformable into cement,

* VI.—Again, supposing that the 100 cubic feet of ghooting contains
80 per cent. of clay, and that we obtain (after slaking) a lime very hydranl-
ic, and 50 cubic feet of refuse ghooting, this lime, according to its degree-
of hydraulicity, must be considered as procceding from a linrestone yield-
ing about 15 per cent. of clay.

It follows that the refuse ghooting must be considered as an argilla-
ceous stone, yielding about 45 per cent. of clay, and consequently quite
‘useless for the manufacture of either lime or cement.

VIL—TUnder such circumstances, therefore, we have to consider the
two following alternatives, if it be intended to use ghooting for making
cements,

In the first case, if the proportion of clay in the refuse ghooting be the
proportion generally fouyd in cement stones, we have only to begin by
burning the ghooting in the usual way, then to let it slake, separate from
the refuse ghooting the lime obtained, and to re-burn the refuse more or
less according to requirement for either slow or quick-setting cement.

In the second case, which is the most general, and where the propor-
tion of clay exceeds the limit of the quantity usually found in cement
stones, we may follow the theories of Messrs. Minard and Lacordaire
(Ingenieurs des Ponts et Chaussées), who are of opinion that some argil-
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-m limestones, of which portions contain clay in excess, msy by
" long provess of calcination with a moderate fire be transformed into
<oement. A

VIIL~The soundness of this fact was nevertheless tested by the ex-
periment I made on the specimen of ghooting-stone A7 from Dinapore,
'#6 described in Statement B.

. 'This ghooting yielded a quick-setting cement when calcined with a
Inoderlte fire until it would not slake,

We could in such a case as the last use a flame-kiln for oslomstmg ﬁw
ghooting to the required degree.

IX.—I must, however, reiterate that it will be more certain and more
easy, principally on account of the burning, to choose, for the manufacture
of cement, ghooting-stones which, containing the proper proportion of

+clay, can be easily pulverized, and that in such a case they may be
‘treated similarly as non-homogeneous marly clay.

In treating about ghooting limestone, I may as well state that the
great defect in hydraulic lime extracted from it and used throughout in
Bengal, lies from its not being sifted fine enough, Failures in buildings,
are, I believe, ascribable in a great measure to the mortar prepared with
this defective lime; for straining ghooting lime properly, however, I am
of opinion that no sieves less fine than one of 20 meshes to an inch should
be used.

In order, therefore, to give my conjecture a trial and my opinion
stability as to the defect above noticed, I made a rough analysis of the
ghooting lime dsed in the Drainage Department of the Calcutta Munici-
pality, and found, as anticipated, the following result -

Lime, e . . o 470
Clay, , v wee s ser eer ase e 60
Sand, O 176
Ashes, o . voe o 40
Carbonate of line, ha.lf bnmt, e veo  one 2556

Marcom1 CEMENT.

The Margoks quarries are only 10 miles distant from the head works at
Debree, and about 5 from the tramway at Dhodand, which commnmcat«
- with the head works.
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The quarries are at the foot of the hills, and can be worked very
easily.

It is evident at present that the Soane Circle conteins such of the best
materials as will enable the manufacture of good cement. Of the speci-
mens received, two have been found very suitable for the purpose. ‘These
are called in French Marnes Argileuses (marly clay); one of these, B6,
is very nearly like the Marne of Boulogne Sur Mer, which produces a
cement which is considered by many Engineers better than the English
Portland cement ; the other marked B7, sent to me as white clay, is also
& Marne, and by its combination with B6 will enable the manufacture of a
cement of the kind which is commonly called Roman cement.

The clays Bé and B7 are very friable, and consequently very easily
pulverized ; on this account it is certain (by reducing them to that state
and eventually forming bricks with them) to secure a good homogeneity.

In Statemerit B. are given the results of the experiments on cement, a
rough analysis of these two descriptions of marly clay.

The samples Al, A2, and A3 may be also considered as cement stones,
but the layers of these stones are of different qualities; some are cement
stones, and others similar to those called by Vicat Chavx Limites, which
are always dangerous to use.

Should these stones be, however, burnt to a high temperature and at-
tempts made to slake them with boiling water, the result will be that
while the portion containing the Chaux Limites gets slaked, the other
remains unaffected. I opine, therefore, that they must be rejected on
account of their want of homogeneity, and principally on account of the
presence of the Chauz Limites ; nevertheless, I intend making further ex-
periments with them.

The clay from Dehree, B9, contains 8 per cent. of sand, but after
washing it may be used with marly clay, and besides it may answer, if
necessary, to increase for slow-setting cements the proportion of clay.

On the surface of the ground about the Margohi quarries there is to
be found a sandy clay to & depth of 12 to 15 feet, after which a kind of
shelly, useless, clay.

This shelly clay is found in great abundance with the yellow clay B77,
the latter containing 88 per cent. of clay or sand, and 12 per cent. of
carbonate of lime, and under it the yellow marly clay B6, which is also
plentiful, but which can very easily be dxstmgmshed from the sbelly clay.

VOL, 11,—BECOND BERIES. D
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»Th» fourth strata consisted of blue stones Al and A2, mixed with the
N ﬁlih marly clay B7; and the fifth of white stone AS.
The olay BT is not to be found in very large quantities, but for the
. anufacture of cement we could use equally well the white stons A8,
which possesses very nearly the same chemical composition, snd may be
-pulverized almost as easily as the white clay.

The rates are as follow :—

Extracting raw materials, .. +«  1rupee per 100 cubie feet.
Breaking ditto, .. +« 4 annas ditto ditto,
Carriage from Margohi to Dehree,. « B rupees ditto ditto.
Coolie labor, per coolie, .. .+  from 2 annas to 2 annas 6 pie.
Fire-wood per 100 maunds, . 12 rupees 8 annas.

Cosal per maund, .. ... .. 9 annas.

Bucknour Quarries.~These quarries are 5 miles distant from Rohtas,
24 from Dehree, and 1 from the River Soane. They are, also at the foot
of the hills, and the extraction is very easy. I found here a larger variety
- of stones and clays than at Margohi.

The more hydraulic stones are those which are found on the surface of
the earth, In excavating from 6 inches to 1 foot, you arrive at some
beds of nearly pure fat lime, but in going in deeper, many varieties of
warly clay are found, similar to those got at Margohi.

I was enabled within a very small-space of ground to collect as many
as eight different kinds of stones, and four of marly clay, varying from the
fat lime to stone or clay containing even too much clay for being cement
stones, which, however, could be used as puzzuolana.

Analysis subsequently proved tv me that the specimen marked A48
will produce a slow-setting cement, and its homogeneity will afford the
advantage of burning it in its natural state.

These quarries have heretofore been worked only by natives who manu-
factured fat lime and sent it to Patna. Some years ago they manufac-
tured as much as 1,25,000 maunds in one year for the railway; but now
the annual manufacture varies from 20 to 25,000 maunds only.

When the Soane Canal is opened, there will be every facility for the
transport of cement manufactured at these quarries, owing to their vici-

" nity to the river.

. The rates at Bucknour are as follow —_—

“Extracting raw materials, .. . »+ 1 rupee per 100 cubic foet.
- Mn‘ ditto ') Y Y ) ‘ﬂnmdim ditto.



MARGOHI CEMENT. i 3]

Carriage from Bucknour to Dehree, .. 7 to 8 rupees per 100 maunds, -
Ditto ditto Patna, o+ 18 rupees ditto  ditto,

Codqlie labor, per coolie, .. . «« from 1 anna 6 pie to 2 annas,

Fire-wood (rather scarce) per 100 maunds, 7 rupees.

Coel per maund, .. . ee o+ +8 annas 6 pie.

I think a patient and deliberate exploratian of the range of hills from

Margohi to Robtas, will lead to the discovery of several varieties of use-
ful stones. I intend to carry out a careful research personally, if the Gov-
ernment sanctions the construction of a small cement factory at Dehree,
" 'Dehree Divieion.—My inspection of the quarries of Margohi and Buck-
nour, and the series of experiments I have already made on the spe-
cimens from those quarries, confirm me in the opinion that this is, for the
present, the best place for manufacturing both slow and quick-setting
cements.

Cement Experiments.—On the 19th of June, upon receipt from the
Dehree Division of 160 cubic feet of the following materials, viz., yellow
marly clay B6, white marly clay B7, white stone A3, and yellow clay
B77, I commenced im}nediately the manufacture of cements, but instead
of hiring monthly dr buying a soorkee mill, and an engine for pulverizing
the materials, I found it more convenient, and comparatively less expen-
sive to hire one of Messrs. Burn and Company’s soorkee mills at Bow
Bazaar, at Rs, 18% per day whenever I require it, The materials were
sent, and they were very easily reduced in soorkee mills into fine powder,
and afterwards I had the following mixtures of raw materials made :—

1st { ? g:.? gg gg } In which the average of clay was 22 per cent.

8 parts of B6
2nd . { 1 ;:;f gf BT } Average of clay 28 per cent,

t 2 parts of B6

" 8rd o 11 part of B7 } Average of clay 82% per cent,
|4 part of B77 } e v P

These I put into vats of the reservoir, which I filled with water, and
agitated the whole until the appearance of a perfect homogeneity. The
water was afterwards allowed to flow off gently, and the deposit is now
drying, and 1 hope, weather permitting, to see ‘it arrive in a few days to
a consistence sufficient to enable me to form cakes, &ec.

From all the experiments on a small seale I have hitherto made on the
ghooting stones or kunkur, I feel convinced that it will be possible to
make good cement with some of them,

‘ * Including Gost of coal, tindal, &s.



18 MARGOHI CEMENT,

Maraomr OemmxT.

~

The composition which seems to me at present the best and the most
easy to burn for the making of a slow-setting cement is—

2 parts of B6.
1 part of B7.
§ part of B77,
It can be burnt near vitrification, and sets in ten hours.

For another quick-setting cement, I consider the following composition

the best :—
8 parts of B6.

1 part of B7,

The cement produced from this sets in 85 minutes, and is very easy to
use, as it does not set too quickly. It requires a slow heat, and conses
quently, not much fuel ; it must be burnt only near to complete calcina-
tion, and consequently ought always to retain a small quantity of carbonic
acid. When too much burnt, if immediately used, it produces a very bad
result as shown in sample 17 A, of statement C.; but if instead of using it
immediately it is left exposed for about one month to the air, some car-
bonic acid returns, and it turns out as good as if not too much burnt;
it takes only a little more time in setting. This result is shown by
sample 17B,

On account of this peculiarity it will only be necessary, after having
taken out of the kiln the cement, which may often contain some portions
too much burnt (which are very easily detected with a little practice), to
grind and to leave them exposed in open sheds for a certain time before
using them. ‘

The same peculiarity exists also in all the cements obtained from the
different mixtures of the marly clays B6 and B7.

Another example of it is shown in statement C. by the experiments of
2ivA. and 2ivB.

As regards the quality of cement No, 17, I tried the tractile strength
of a vertain quantity burn for 100 hours comparatively with the strength
of English Portland cement; the procés verbal on page xxii. shows the
result of the experiments.

I made also balls of mortars composed of—

2 parts of sand,
Fol wif Part of cement No, 17;

and
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No.2 1 Wo??.ﬁdma cement.

No. 1 put under water, two hours after being made, was not affected
by the water, and since its hardness has been increasing very sensibly.

No.*2 put under water similarly fell into pieces.

As far as I can judge at present, the probable cost (including burning
by coal) of manufacturing a cement equal to No. 17 at Dehree would be
a8 follows :—

B8, A, P.

Extracting materials, . . . 1 0 0 perl0Oec, ft.
Breakmg dltto .. .o 0 40 » ”»
Carriage of ditto from Margohi to Dehree, 500 ”»
Grinding raw materials, .. . 1000 , »
Mlxmg and washing materials, as also mak-

ing cakes or balls, . o «* 8 00
Loading and unloading kiln, . . 2 80
Grinding burnt cement, .. . « 1500

Wear and tear of bags per trip at 6 pie
pel'bag, .o .. . .o .o 8 20

3914 0

20 maunds of coal at 9 annas per maund, 11 4 0
51 2 O

Conlingencies, about 20 per cent.,, oo «« 10 0 O
Total, w 6120

I think that in using a flame-kiln of the kind described by Vicat for
the burning of artifical hydraulic lime, we could burn the cement with
fire-wood.

In such a case the cost will be as follows :—
Extracting carriage, grinding, &o., as above shown, ..
83 maunds of fire-wood, at Rs. 12-8 per 100 maunds, ..
Contingencies, say, .. . . . . .

Swsgg
owirb
cool

54 0 0

As I have, in calculating the probable cost, used the higher ratés which
may hereafter be considerably reduced when the works will have assumed
a certain importance, I may say that in case of coal being burnt, the cost

»of the cement will not exceed Rs. 61-2 per 100 cubic feet, or 9 annas 10
pie per cubic foot, or in round numbers 10 annas; but if fire-wood be used,
the cost will not exceed Rs, 54 per 100 cubic feet, or 8 annas 6 pie per
oubic foot.
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B : ‘Eaperiments on the comparative tractils strength of Cement No, 17 and
English Portland Cement (just imported and in very good candition ),

p " Three of yellow marly cla; From
- pement No. 17.—Composition, one }mf wyi:iﬁe marly glpy. ik } Margohi.

Three bricks were joined together by means of a mortar made with this
-oement, pure, and were left exposed to the air for 24 hours.

These were then put under water for 10 days, and on being taken out
were left exposed for two days and 17 hours, and then tried, making a
total of 18 days and 17 hours after the manufacture.

Fig. 1. . g2
A 0O
e 0O

I put the block held by the clamps as shown in Fig. 1, and loaded
it with 1,065 Tbs. The block stood without any apparent injury for about
three minutes, and then the brick C. give way partially as shown in the

accompanying figures. -
Fig. 8.
\—\D/j .
Z O °
C. Section. c

T made a new hole (m) in the centre brick and tried it again,
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When loaded with 1,816 bs., the joint (a)gave way, the first brick A. re-
maining intact, and the brick B. having a portion K. broken ( vide figures);
“ Fig. 4. , g, b.

A, Plan. B. Plan. B. Seotion,
the unshaded parts show the cement which remained attached to bricks A.
and B; the shaded portior. shows the cement joints sepurated in pieces
upon the two bricks.

The cement inside the Jomts was found very hard; the bricks were
first-rate burnt bricks, but the bricks A. and B. (principally A.) were
found sensibly better and harder than C.

In putting the cement mortar between the two bricks A. and B., the
precaution of putting an hollow part against a flat one not having been
taken, two hollow parts being put together, air got within and left the
hollow portion marked in dotted line in Fig, 5; the surface of that por-
tion in which the mortar did not touch the brick was 8 square inches.

The total area of the brick was 4} x 9} square inches = 42§ square
inches ; deducting from this the 8 square inches above-mentioned, ba-
lance of 84§ square inches for the total surface was left, which may fairly
be calculated to oppose resistance to the tractile strength, and it msy -
consequently be said that weight of 87:87 per square inch was necessary
for the breaking of the joint.

Portland Cement. —The same process as the last answered for this
experiment. '

I put the block held by the clamps as shown by Fig. 1, and loaded it
with 1,148 lbs.; the brick C. broke, but at the same time a crack ap-
peared in the joint 5, and I could separate the bricks B. and C. easily.

The state of the breakage of the brick is shown in Fig. 6.

Fig. 6.
\D/ o
]
C. Section. _ C. Plan.

I made a.new hole (m) (Fig. 2) on the brick B. and tried it again.
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. When loaded with 1,086 lbs., the brick A. broke in the same way as the

first one, but the joint remained intact.
Fig. 7 and 8 show how the mortar remained attached to the bricks,

Fig. 1. Fi. 8.

A. Plan, ’ B, Plan.
A small piece of the brick ( /) broke and remained fixed on the other brick-

In joining these two bricks, some air got in also, and left in the mortar
8 hollow portion, the surface of which was 1§ square inches; this being
subtracted from the total surface of 424 square inches, the balance was 41
square inches. It may, therefore, be said that a weight of 28 lbs, per
square inch was necessary for the breaking of the joint.

Nore.—1I stopped the experiments having the intention of trying the
remaining joints intact when they become two months old.
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Note by- Ligvr.-Cov, F. T. Haie, R.E., Offy. Chief Engineer, Bengal
Irvigation Branch.

Mr. Dejoux’s experiments up to the present time seem to have pretty
well established two points.

(1). That a cement quite equal to Portland cement, as received in
this country, van be made from a combination of & marly clay and a lime.
stone found close together at the base of the hills skirting the Soane,
from the Dehree Stone Quarries at Dhodand to Rohtas, a distance of
20 miles.

(2). That an equally good cement may be manufactured from the
Sylhet lime and Calcutta blue clay. :

With regard to the first cement, Mr. Dejoux states that any quantity
of the materials is available. The strata lie generally near the foot of
the hills, which have a rather steep slope; but there will be no need to
cut'deeply into the face of the hill at any point, which would be expen-
sive, as by going a little further along the hill more of the material can
be obtained.

Calculating on the data as to cost of extraction, carriage, &c., afforded
by the works at Dehree, for which lime is now brought from Margohi
(a point in the hills 1eferred to, about 5 miles from the stone quarries),
Mr. Dejoux thinks that the cost of the cement at Dehree would be about
Rs. 61 per 100 cubic feet, if coal were used; or Rs. 54, if wood.

The cost of carriage to Arrah by canal would be Rs. 8 per 100 cubic
feet.

From Arrah to Calcutta by rail the cost would be Rs. 40 per 100,
and from Arrah to Cawnpore by rail Rs. 40.

Thus the cost of the cement in Caleuntta would be for—

Carriage— i
Dehree to Arrah, . . ve . . 8
Arrah to Calcutts, . . . o 40
Terminal charges, shifts, &c.,. iye s . . . 10

58
Cost of ement at Dehree, . . 60
Total rost at Calcutta, . . . 118 per 100 c. feet.
The cost at Cawnpore would be—

VOL. Il.~~BECOND SERIES, E
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Carriage— _ R4,
DehreeboAmh, . (X . X v 8
Arrah to Cawnpore, . . . . " 40

Ohﬁl'w' &0.. X . . . .o 10

58
Prime cost, . 60

Total cost at Cawnpore,.. . . 118 per 100 c. feet.
If the cement were sent by water all the way to Calcutta, the cost there

would be about Rs. 100,

The cost of Portland cement in Calcutta is Rs. 9 per cask, containing 5
cubic feet, but there is always a wastage of half a cubic foot, so that the
actual cost is Rs. 2 per cubic foot, or Rs. 200 per 100 cubic feet.

Adding railway charges, the cost of the same cement in Cawnpore
would be Rs. 290 at least. '

Thus the relative costs at each place would be—

Calcutig— RS
Portland Cement, v . . . . 200
Margohi ,, . . . .« 100 to 118
Cawnpore— .
Portland Cement, . o . o o 290
Margohi ,, . . . . o 118

These calculations seem sufficient to show that, if the cement can be
made for anything like Rs. 60 per 100 cubic feet there would be a very
extensive demand for it.

Mr. Dejoux’s experiments with the cement manufactured from Sylhet
lime have not yet gone far enough to enable him to judge what its cost
would probably be, but he thinks it would be about Rs. 100 per 100 c. ft.

M. Dejoux also reports that some specimens of kunkur lime sent him
by Captain Heywood, which came from a bed somewhere in the Shahabad
District, not far from the line of the Arrah Canal, appear to form a
natural cement. I am inclined, however, rather to distrust any natural
cement produced from this source on account of the want of homogeneity
in the material, and think that for the present operations had better be
confined to the Margohi stone.

1 think there is now quite enough to warrant the commencement of
the manufacture of cement at Dehree, or in that neighbourhood, on a
small scale. The Soane works alone will require a certain quantity : and
if tho manufacture is limited, in the first instance, to their requirements,
we shall probably, in the course of a year or two, by gradual improve-
ments in the processes, arrive at a really first-rate cement.
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TABULAR STATEMENT A,

Rough Analysza of the Specimens which have been burnt for the purpose
of making Cement.

Materials from whence

g obtained, Composition. Remarks,
[ |Carbonate of Lime 6065
of Magnesia... 1433
Bé6 MMar]y clay from { Oxide of Iron . 067
argohi, ... Silica ... .
’ Clay | Alumina } 2388
L Sand e 1-00
Total .. 10000
(|Carbonate of Lime ... 80-00
»  of Magnesia |Traces, but
not appreci-
BY Marly clay £rom able.
Margohi, ... +. |Oxide of Iron ...| Ditto.
Silica ... T on
Clay Alumina £0-00
( [Sand . .. 00-00
Total v 100-00
( :Carbonate of Lime 5407
of Magnesia 11 00
MBlueh stone from Oxlde of Iron 1-33
Al {Margohi, ... ooe Silica ... or .
’ .Cl v {Alumlna oe! } 82:00
Sand o 160
Total E 10000
[ Carbonate of Lime e 7578
of Magnesia 044
White hme—stone Oxide of‘Iron 050
A3 > Silica ... . .
Margohi, ... Clay { I na 2838
Sand e v 000
Total . 100-00 )
Carbonate of Lime oo 81'84 || Hydraulic lime-
[ Silica v ’ stone containing
A2 ) Blue stoneifrom 5 Clay { Alumina - 1600 |3 Jime limites in
Margohi, ... .. |Sand e 066 ( notable propor-
l Oxide of Iron ... . 200 | ! tion.
- Total .. 10000
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* is from whenoce
g ’WM. Ompm{ﬁm' Remarks,
" - Carbonate of Lime ... 72:84 N
'A48] Gray lime-stone ( Clay and Sand e 2766 | | :
. from Rohtas Hill, 24 {| (Feeble traces of Oxide L.Cement stone.
miles from Dehree, ? of Iron and Carbonate of J .
Magnesin).

Total ... 10000

Carbonate of Lime ... 1130
of Magnesia o7e |)
B717] Yellow clay fonnd Oside of é’;ﬁga None, l Good for manu.
" |at Margohi, Clay i Aluming o } 82:00 | “facture of slow-
Sand . 600 l setting cemecat.
Total | 10000 |/
Carbonate of Lime .|}
of Magnesia | >  77-00
AT Ghooting-stone Oxide of Ir(l'm ) 100
from Dinapore ilica .
pore Clay {Alumma } 8200,
Sand wee  w.|Not appre-
ciable,
10000,

Remarks about the preparation of the samples for cement,

- 1st.~The samples marked Nos. 1, 2, 8, 4, 5, 6, have been pulverized and passed
through a sieve of 60 meshes to one inch, The proportions of each have been care-
fully measured in volume, after being mixed in water ; the water was then removed
by decantation, and the mixture left until formed into the consistence of a rather

-hard paste. Of this paste, balls were made of about 2} inches in diameter ; these
balls were exposed to the sun for seven days and burnt in the small kiln with coke
'When taken out from the kiln, they were pulverized and strained through a sieve of
60 meshes to one inch,

The powder thus obtained was mixed with a little water and made into a rather stiff
paste of which while a portion was put into a tumbler and immersed in water, of the
* & cake was made and left exposed to the air.
s cement in water eventually was tested with the Aignille of Vicat.
l.—The samples marked Nos. 9, 11, and 12 were not pulverized, but I put only
"the stones (well washed previonsly) in the kiln, and after burning sifted them through
the same sieve of 60 meshes,



MARGOHI CEMENT.

*(pIo® 0UOGIEO SUF¥IAL
31) sxoero JuBgs _“zm. S H— .
1098 W[ UO[BIAM] “pany ~prey o oma Joor | oma oma
- & 6 9U0 JO Juam . | ‘smoyq ¥ ¢ 4 4 H
ﬂumﬁ-—s pus ‘omyy Apead CILIE § Yo BI{) -2
. Fpoced g |0UIBS ) 98 Juanq SI(EQ
E.wu.._.auuno SQH-HMHH o Jo omy pous 1
(pre 2._2.5 suje} ‘pigzg A3
-32) 910U 90U J{ 3, “ON 89 * ‘PIBH oma 08 uv ﬂwmuz qsIppay omqa |06 oma ona L3
+[ oxJ] 30 quoqe 8y 3L |PIEU 8 9WI0Xq [IA ‘W ‘H _ -
— - L9
g
. *(p1ow apuoq 7 . op yojand |
woas 8 91 E.-. .ﬂu—w.ﬂ.ﬁaﬂ -reo sayeien 41) Sugswaso S| piey L1op| pIBH | sanoq g .thwm Juife) omqa |69 oMWA. |g9q ‘Aupo A1 14
-pauy Buyyed useq sey 31 | sieM[8 SSOUPISH -1 josyaed g
*(p1ow w
w321 91) . gsippax
n..—ﬁwanmnsum.hu 88 amyy Py hmn.—“”.wwn K OF -.Mwﬂ%m M«-Hﬂ? oma oot | Md oma -z
+exwo T 9308 IV anq NEHD ® 138 sduy , .
Cropem uy ) sw pauy sy wiod JUIAQ TIEN SIUL, —_
“(p1oe j
0 4 o N
wﬁwaﬁwxwu_. w._wsu, g: ‘pauy £107 ! ‘prey £30A| 6T 1 .muwwwa A1) omd 6l ona ona A
1'-qisuas S39a Auisnaloul p ‘W °H
weTy) 8831 INq ORI ‘ONIA _5&_ SuY S39L PABY ANLT, _
*(ppow . | ‘L6 ‘omp 1
uou..s_ozz_aao Surumaq hw.:.s ﬁ “pasq Jjos sfup ¥ 9108 £v13 a1y MOI§ $C -njody ‘og *Aepo £ T
ui puv o¥d Ul Lqisuss 19 SUTLIAY M 3upmng Aow - .h:v.-nH Jyyeyy Yoasyy ({SIppa[ _ _JEE j0 u.na& 1
-paey Suped usdq suY 91 _»—a_.am:?- sazpubay . .
o Q .u:. 3
* 22 g 87 | w3 & 2 z| eg§d
E8 5 ] " 5 9| g2
=55 29 Ea =3 ] E gi| BBz | wmswmd |
‘3181 "&8T m.mm. nm.u u.m. mm g g m.m m.mm g
‘oung qwe 03 dn gused | ‘mdy o3 dugusey | ER o m g 4 i m ] e £7| 88
‘26 P »Q 8 3 e e
o] b a s - 1% .
g m. m m g m. w.. g zS.:aoh:wo

‘BINAKE) NO SLNIRIHIIXH A0 I108aY—'d INEANRILVLIS aVINLV,L



MARGOHI CEMENT.

‘9 ‘Supo 4]
omq oW 0 ed |
*(pyoe oru TBT | «fur oM |89 . gV ‘ouogs | g
-0qT80 SUFEAL 41) ¥ _Ee~ PIvy £33 A prey L0 |mmoy §3 YIBR D ‘ oty 3o aed |
“8ax[®0 Ul peqi,I "ON naﬁvha_aﬂgm : _
T ¢ |omam | oma jos | oma | oma |4
-_— “(proe ouoqIed a1 ) . . g ¥ pa I I
g1 Sy 1o o (| PeH PBH W OH | qosey | e YR
R e 08 T | Wog | omiq | g M e yo aud 1| ¥
L PROTTROLL | 'DIov ofoQIvO SUUI | -puawy A1 A | preq Lxop| 05 1 YPIBY | stppay —_
. o s . | e
ot s om0 | b P e g P88 | oty | o oot | oma | oma ¥
I, ‘S
u.w.wm%wu& aqa aw wwwd ! fparg toyey | Lo “g| PER
— ‘ 1-X2 UING punoy alas
poo3 oty ﬂum;hmuwua pus a1y 2uo ay wﬂﬂwﬁ
Jo sajdmus 1930 o4} IV  |2104 S[[Bq Om] ) _ .u——m‘nﬁ
*(p1ae ouoqand ‘0193 .-—w.«.—v?—& 1 00T oma oma
ou surejor) HHM%H“\ pog “peq £13A | 108 J0N amws W | “Smg ona w8
f10a B Jo o 1
JBA UF
*[ § omES O], |SU[BWAL SIY} 4o — )
) . oma o L4
- prey a1 g B2 | .gappay| oma log !
40T 57 ow0 o3 aﬂaen_h.w_wz.wm “PIOB J1UOQIBI SUIBIUO)) ~H~.~aﬂﬁﬁ.- Joyyey ‘K ‘H qaIBy I
WLl 86 owes 9y Jmoqy | anmﬂ 8T | "ysippai omq |se omq omq 8
suwian) 2 ON w8 piva ¢ | prvq K1oA| PIeH | samoq 1 qoregy | “vean -
. noqy |03 ayimb jou s sy, -~
,1 88 omIes 973 “(pyov p1B ‘91 ‘P |1y mo[Sige  |'1qoSawy .m.m: Joped 8
3 83 JO [¥Ap JEAlH B ‘pasy pisq 'sfep 9 Yoy
°g 831108 243 U POOS O[woq. SuguIng stom 1oy Lyey
f330:d smoes ToIqM odo.n:ﬁﬁ.-wwmw.‘_aeox ey — — 5g
Lm0 oy 51 aauyxiw oqy, A(3USLL hd . m 3 . g u ” WMW
2 g5 Wm B 2 g 5| 524 | smpoed
13 » g 5
55 &3 E | 5n | B 5 wm 1 -y
a3 | A ;|3
R i m..u & F m m.m m m =8 ® “ lllm 2 ]
SO TN | v oy dn ey ’ wm wm : .mm m. W d *NOILISOdNO))
* b3 R
Bl f | E :




MARGOHI OBMENT.

“ZAqEA 10y Uf PIYEB[8
oq p[nod osw uopiiod

183

-aspmod . . .
B donss oo paa ¢ | PRU LA | cpeE | stoN | ol | UM | onra 00T | oM@ oma |1
‘ayeo oq3 uy pereadde
Isxou10 8fep ¢ IV
“(pm
OMUOqI B[P 8UEY o
o) sorwn soqrpows | | agog  |vjossoyey| whvpy | (108 | oma | oma o6 | ema oma |1
weaq suy sidwrus S|} LCa '8
Jo uoyaod [BwWs Y -
. spmoffax| 1V ‘ouojs
wowomoano suvioy vy Ayosg|paey Aparg|mmoy gaf (108 T | oma (87 | oNA | gy aed g 1T
° o . . qI86 .
PO . oot “ PISH  |0saoqsuy sinoq 91| oot | UM | oM (00T | oWd oma |6
* ¢y ‘ouols
‘puonOqIEd SUTElRY | ‘JUAIOPIpuy| Juoayipuy| ‘skep ¥ .M“.Wma AL |31y MO[S.8Y omq &.m_.-M uc.“.-“ dy 6
“(pou w
oraoqred 99N suTe] o
oruoqr: . . Lol OF 1 W% | oy 4 omq 06 ony ana 9
e o I L peg | peq LAl b | oy | T a a
adom s{vp 9 IV
“pre opuoq g .Qu_
190 suyesay) ssoupiuy . prey [og 1 | woz | . : -31p 30 sued g
pood supeiqo b | “prey £1o Je fe1n | o |8 | oM o 9
zo7em uy prey £104|yduay u.w wm .“os..wou £q V PISY A0A ngEy |'K H | QuUBRY .wm— .»M—u .Mm—
Jnq“soyed uy preq 43331 |1opasq 5303 oYud oUL N JO 38d 7}
(o1m otuoq
190 OU Sm(E3aL) Japa P ‘preg W8E | - fux 1 o oy g
Mw L & mM_H»E.W_ﬁM PP | ogpey [P0 qomepy D | oMma |00t a 'a o
TR [SY0RD siep ¢ PV
(e
auoqred oIl sure
e A
03 ue. pus 2. pige £
fwp L3 ! o ol 9
pouams 31 fep wie om | PeE BOE 08 | oy D | oma |os a a | .
o0 w mampplom 0} da Eu.nn “Eoad i
" 13uro8 sem oxeo oqr, J

~uj 9uq ‘284 ¥l DH




r

.~ MARGORI CEMENT,

) el
P00 760 OpIY pouTeITH

oma | wog |me Loy ona ma
& 03 1 1
- .baliw ‘pIeH 081 m:uh. o ma
' "PW8 omoqIed ou pourey -
oy - Toyym “prey a1 PIgE oM ona
akoy Ewﬂ.ﬁaﬁuh ‘B Lx3p WH | udy
primip el Sl
— - crhlgomp 1
: . ‘9g -
e P | wor iy M| st o
2psod 0 paqunn 3y £1op jo sued g
*aY80 U] pus sagem uy
. ] - ) 0z1 | ‘wog omq omq
-7 o 0oy poregay | P ww | dy
——— e, e é hm 3.2@ 1
, *akup 1moy xoye Puq wgr siudy]| - oBR Ly wm w
wpaod 03 pojqumao ﬂ” LA ] (6] ﬂ_
OX® U} P sowm ug jo s [
. *£[q1st8 Bugsvao) ’ . IV
-up uo qdey esoupasq v ) ‘93 "1 MO[Q atodvarq| ‘onogs Suy
' < “f . Lxap| sy cg .
. .anw Ww_‘mwamﬂ“: ; ..__u_.eh pIey AIBA| ST QIR _—m?o,t_b_ -30043 o 3d —14
uaeq sy oywo ogy J - - 53
g & | s g | s 3]
AR I IR EETT T
3181 m».w 2 .w.m mm g H H m
TV 9108 dn qug mm.m mw mm N 2 4 -
sf | w ZARIE AN . 4




3

wor

Sl ym| o
| ~soqex

53

2

u 98

MARGOEI CRERRY,
"

vy ﬂn w 0g “gsIpped
70 99O o173 YoM DYV vy prey - on on "
laulﬁl.! L1op dop 0¥ 'a X
O3 03 pesodxo ot Fep, - )
. 19 *4wp |
S, 2T P B | mg ey e R
1 opacd o prquaz) A A '
. L P | wog oma
o O v paspitey Lperg Aparg L
i.ll{ﬂsﬂrcl .
S| wr | we | BE [wwen wwr
for WL LIV ey

:
1| &

dup

& 1
|

| VOL, 1L,~==SECOND SERIES,



.Eueuoﬂhtllgggmﬁ.i

o L ey oo gy

3 .eﬁlii!oﬁﬂﬂogiggi!—!izﬂr
SR

ore gl 3 e P9 | g [wmoy g PUS8 | MARL | ooy o oma | oma  |we
T Ins g | watesp . i
‘L
s oo R
CH hlbw preyq g eI 8 w"we | . “yer “Luro £
Setworu; Mompay Y dgg | fymg | 'm m | ounp | 40X w.."%bt 0L | moSmyy S wmwan ._ 8
. ‘g “hop 4y
- -zew Josyred g
Q‘L.ﬁjhiiiua-ua,_ 1=
) a0
ERi) v | e w281 | S P o e | e |
® puey proo pus ‘Suy A
._.M..a..“l.ﬂ..!,_ prog | prey tonl e | soy ot opumd y
~unQ wiow puwys pac) w1y | Lwy | MeP¥ | me dsm| dep ryg 0 | oma | ideep ALl 0§
. “Sapuzug aom 9308 08 | . 21y mole ;
Irmopys  pepabon oqey | PPH | wos | K pw [PHFlor| oma | oma  |wr
| 219 h_mu.uﬁ_. .
¥3 398 e ey , . -y}
w o3 porquinzy aag | PRALRA (380 fisf dy| Lesp M._nws 09 |Tyo3rep wnc.ﬂ_.ﬂ.an._ 81
g B
wm. mm m .mu g 4 -] oww
T - g3 £ m» 2 E m m-u wrpand |
Jfomnp e i dasmmy | gty prosdngmey | g9 R ] 5s ik m ] £ Mm
B k8 mm mm .mm g 3 |1%F S )
i o : ' «.m? ] g & | w m . Nowmogm00 -}
e : AR CER G



FOURACRES' HYDRAULIC BRAXSE A¥D SUMSLES swurrzas. 81

No. LXVI.

FOURACRES* HYDRAULIC BRAKE AND TUMBLER
: SHUTTERS.
[ Vide Plate Nos. IIL and IV.]

Under-sluices of the Soane Anicut.—In the plan now determined on,
each of the three sets of under-sluices of the Soane anicut will be divided
into 22 openings, each opening being 20 feet 7 inches in the clear; the
-piers between the openings will be 4 feet thick and about 80 feet in
length, the tops of the piers being 10 feet above the level of the under-
sluice floor, and 2 feet above the crest of the weir wall which is to be 9
feet above the sluice floor ; about the centre of each opening the level of
the floor will be raised 9 inches, and thicker floor stones laid; the object
of this is partly for the purpose of having heavier stones where the hinges
are fixed, and partly to enable the shutters to lay singly on the floor, and
to form a sill for the lower part of the shutter to rest againat.

Each opening will be fitted with two shutters; the up-stream one A,
is 21 feet 8 inches in length and 9 feet 9 inches high; this shutter is
hinged at its Jower edge and turns on two strong cast-iron gudgeons C,
working in sockets built into the piers, the shutter being 8 inches longer
than the width between; the piers will have, when vertical, 8 bearing of
4 inohes on either side against each pier; the piers are recessed to 5 inches
deep for the extent required to enable the shutter to oscillate freely be-
tween the harizontal and vertical position. At the back of the shutter
are fitted 6 back struts, which are the principal novelty in the new system
and answer the double purpose of supporting the shutter when vertical,
and of breaking the force of concussion against the piers when it is sud-
denly raised with 9 feet running,through, and with a head of 4 or 5 feet.

Each back stay consists of two cast-iron sockets D and E, the first
firmly attached to the stone floor, the other to the shutier; in the lower



) m-ﬂmmmmm

" souket D, 5 hinged an iron bar ¥, 23 inched dumotqr. in the uppet
ffw E, s rough ifon pipe G, 8§ inches internal dismeter is also hinged ;
ﬂ” bar F, is inserted into the pipe G, and the mthusfomatehl-'
"aqio strut; on the lower extremity of the bar F, is & collar H,snd»
g mk,u shrunk on the end of the pipe G. When the shuiter is vertical
. these two are in contact, and the pipe G, thus forms a rigid strut sup-
porting the shutter at the back.
. .; On the rod F, which is half an inch smaller than the pipe, are shronk
tvm rings forming guides, and above the upper ring is fixed a leather
packing similar to that of an hydraulic ram ; this packing makes the head
of the rod a kind of piston similar to an upper pump-box, which, when
“exposed to the force of the water, fits tightly into the hollow tube.

In the pipe G, are two small holes; the lower one I, is about 4 inches
sbove the leather packing of the rod F, when the shutter is horizontal
snd the telescopic joint drawn out to its utmost; the other hole K, is
quite at the top of the pipe, a little above the leather packing when the:
shutéer is vertical, and the telescopic joint shut up as far as possible;

The action ofj these back stays is as follows :—When the shutéer is
down and the telescopic joint drawn out, the water running through the
sluices enters and fills the pipe G, through the holes I, and K, and

_ also probably past the piston, for the leather packing is such, that it be-
comes loose as the rod is drawn ont; the pipe is thus full of water, and
&8 soon a8 the skutter begins to rise, and the telescopic joint oconsequently
to shut, the leather packing being opposed by tke water in the pipe be-
- oomes tight and fits closely to the interior of the pipe; the water is there-
fare foreed out of the first or lower hole I, which is larger than the upper
one, and consequently more easily permits the efflux of the water; thus
when the shutter first commences to rise there is little opposition to “its
movement, but when it has risen & short distance, and the leather packing
* jms slid past the hole I, all the water remaining in the pipe has to be
" gxpelted through the smaller hole K, and consequently & greater resist-
muu is oppoud to the shutter, which comes up gradually te the veptioal
b violently expelling the water in a jet from the small hole, .~
f*a.,, m ‘appended report by Mr. Kimber, Executire Engineer, Cossye
on experiments with & model shutter, abundantly prove the w—
%Mworhngofihufomofbukmy. ,
F1 4 weitionl bar L. (wlﬂlleﬂcbltﬂulwmmdmhdbylhﬂlbn
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the pier) is fixed to retain the shutter in & horizontal position, until it is
required to be lifted. .

The down-siream shutter B, is the ordinary single tumbler shutter
designed by Mr. Fouracres and now in use on the Cossye anicut at Panch-
koorah. This shutter is 20 feet 7 inches long, and 9 feet 9 inches high,
fitting between the two piers without any recess; on the front side of this
shutter are seven tension bars M, which are hinged in cast-iron sockets N
.and O. The shutter oscillates about the centre of the pin at N., and the

_tension rod M. about the centre of that at O., so that when the shutter

falls down-stream the lower part slides along the floor towards O., snd
finally sinks into the horizontal position shown by dotted lines in the
drawing,

The socket N is attached to the shutter some few inches below the
centre of pressure when the water is at its highest, so that when the level

«is such as to raise the centre of pressure sufficiently above the centre of the
socket N, and to overcome the friction of the lower edge of the shutter
on the floor, the shutter falls into the horizontal position and the water is
free to pass through. '

A catch P, at each end of the shutter retains it against any head that

" may aceumulate on the up-stream side,.and a crank catch U, fitted on ite
lower edge will counteract any strain which may be thrown upon the
shutter by an alteration of the centre of pressure caused by an accumula-
tion of water on the down-stream side. Two vertical bars Q with a catch

« at their lower end, keep the shutter from floating and shifting about when
water is rushing through the sluices. Pieces of kentledge R, are also
fastened to the front of the shutter as shown on the drawing, to keep it
wteady and to prevent it from being raised by the water until catch Q is in
gear. The clutch U, is simply a bar of square iron hinged to the lower
etige of the shutter and slightly cranked near the centre; when the shut-
tér is raised, the crank or joggle in the bar falls into the casting W,
‘which is provided with & lug to catch it immediately below the crank
ohtoh and sliding in the same casting is a longitudinal bar X, which
‘ oan be moved backwards and forwards in bearings provided for it, by
mﬂ' the long lever Y, fixed at the end of the pier; on the top of
ﬁﬁh are small inclined planes or wedge-shaped protubersnces, which,

il Vm bar is moved horisontally, force the clutch bar U, out of the

:ﬁhﬂlﬂnmﬁngl W, and the shutter is then free to fall.
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Sla uuh of the shutters is a small sluice S, whxoh oa be opened byhlnd
X tt will,
g (' front of the up.stream shutter is a groove T, cut from top to bottom
“of the pier, into which logs of timber can be dropped any time when
Tepairs are necessary to the shutters, or in case of accident pi'evcnting
them from being lifted.

Dunng the whole of the dry season, in order to retain the water in the
weir pool, it will be most convenient to leave the up-stream shutter, which
will be quite water-tight, standing : when the freshes are expected and it
becomes necessary to make arrangements for opening the sluicés, the
back shutter is raised by men who can with little difficulty lift it from
behind; or if it be thought necessary to employ a less number of men than
would be required to lift it by hand, a double purchase tackle can be
easily rigged in eyebolts fixed to the upper and lower shutters for the

. purpose. When the back shutter is up, the top catches P, and the lower,
clutch U, are fastened ; the small sluice 8, in the front shutter is then
opened and the space between is filled with water; the pressure of the
water being now borne by the lower shutter, the upper one can with ease
be lowered and fastened by the catch L, in a horizontal position. A day
or two before the freshes are expected, the catches P, and U, of the back
shatter are unfastened ; 8o that when the freshes come down and the water
in the river rises to the top of the back shutter, it will-upset of its own
accord, leaving the vents clear,

At the end of the floods or at any time when it is required to raise the
shutter, it is only necessary to unfasten the catches L. of the front shutter
which will float up of itself until it encounters the impulse of the stream,
which will in & very short time raise it into its vertical position;.the
shock always so disastrous with the French shutters in use in the other
under-sluices is entirely removed by the reustmg action of the hydrsulic
‘brake struts,

‘Whenever it is necessary to raise or lower the dmtter, the above oport-
. #ibn must of course be repeated. )
3,;. _The sdvantages of this system over the old Frensh plan are—

. L—That the heavy wooden beams from end to end -of thé sluioss,

~ the ponderous cast-iron shoes requived for the back itays and
wrought-iron hinges, the front and rear disengaging clutoh bars,

" * snd the large holding-down bolts, are entirely dispensed with,

\5‘
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II.—That the front shutter being the one that retains the water during
eight months of the year, all the working parts can be easily
got at for repair, painting, &c.

IIL,.—That the piers being so close to one another, timber beams can

at any time be dropped into the front groove for the purpose
of effecting repairs.

C. B

Memorandum of experiments conducted at Midnapors on the hydraulic
brake shutter, the invention of O. Fouraores, Esq., Ezecutive Engineer

of the Dehree Workshop Division, proposed to be used in the Under-
sluices of the Soane Anicut.

These experiments were made on the 29th and 30th April, 1872, in
the under-sluices of the weir across the Cossye at Midnapore, and conduc-
ted by a Committee composed of—

Mr. J. Kimber, Executive Engineer,”Cossye Division.
» C. Fouracres, ,, » Debree Workshop Division,

» J. H. Apjohn, Assistant ,, Cossye Division,
,assisted by ,, A BSnedon, Sub-Engineer.

The place of experiment was a vent of 5 feet wide of the full height of
the pond caused by the weir; the longitudinal or up and down-stream
section is given in the accompanying Plate (IV).

The depth of water on the up-stream side of the vent was 5 feet, and
on the down-stream nothing.

The vent is closed at the up-stream entrance by a large shutter, which
is capable of being lifted wholly out of its grooves making all clear; in
this sluice and near its bottom edge is a small sluice giving an opening
of 2 feet square.

By rectangular holes in the walls of the vent close to the floor, means
are afforded for fixing temporary timber sills for experimental purposes.

The shutter to be experimented on was 53} feet high, with a clearance of
about 1 inch on each side and was hinged in the first instance by two, and
afterwards by thres, iron hinges to s sill timber previously fixed for the
purpose §, the shutter falls up-stream wards. To the back of the shutter
ia hinged at about 18 inches below its upper edge a piece of boiler tube
9§ inches dismeter, and to a sill timber 4} feet in rear of the shutter is
hinged a plunger which works in the tube. The plunger and tube together
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form 4 rigid strut and support to the shutter when in an upright position.
The fore end of the plunger is farnished with a leather gland like that.of s
pump bucket which permits of easy withdrawal of the plunger, but expands
‘to internal presture, which expansion prevents any esoape of water along
<he sides of the plunger; the greater the pressure in feet, the tighter the
spparatus is in this direction, At about 15 inches in rear of the plunger
head is made an enlargement easily fitting the tube merely to serve as a
guide to keep the plunger and tube in & true line when in action, ‘When
the shutter is prone, the plunger and tube hereafter called the brake, is in’
its most extended condition, and when the shutter is up, it is in its most
contracted. In the most extended condition the brake is supposed to be
always under water, and by means of a hole in the tube, about §-inch
diameter, just in front of the plunger the tube becomes filled with water.
Another, but very small hole, pierced in the top of the tube’is for the
exit of the water, while the shutter is rising, and the brake in action.
The action of the shutter~—~The shutter being in its prone position
_with the stream running over, it has by its buoyancy first, and then by
the action of the stream, a tendency to rise or turn about its hinges, and
but for some contrivance would fly back with very great violence. This
violence may be in some measure appreciated when it is stated that the
chains of the same size of shutter forming the front set of the double
French system in the Midnapore under-sluices are frequently broken, and
these chains are -inch stud-cables, tested to a strain of 10 tons, and
there are two of these chains to each shutter. The shutter in rising
presses upon the tube which closes slowly upon the plunger, while the
water is forced out of the smaller hole mentioned. The absorption of the
Jorce required to expel the water in front of the plunger of large diameter
through the emaller orifice comstitutes the brake action, The greater the
.disproportion between the diameter of the tube or plunger and that of this
hole, the slower the process, At first starting from its prone position, &
slight advantage is given to the rising tendency of the shutter by the
ralief given to the tube by the latger hole near the planger, uatil the
momment that the plunger passes it. This hole permits of & very short
travel by the plunger until it is covered, as it would not do for the shatter
h . gsin much way without the full check offered by the brake. )
- On the 29th April.—lst experiment was with the small yent 2 feet.
;qmqnlyoponvhwh yielded a stresm of water 1§ inches.desp on the
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shutier rumning at a velocity of 10 feet per second as taken by the
current meter. The shutter on being released rose in 15 seconds, rising
ss the head accumnlated on it without the slightest shock. The water
being shut off the shutter was again laid prone,

#nd experiment.—The whole vent was opened, but on relessing the
shutter, the hinges gave way, putting an end to the experiment; and the
remainder of the day was occupied in putting on stronger hinges and re-
placing the ?lnnger rod in part by iron of larger diameter.,

On the 80th April everything was re-fixed and the smaller hole in tube
enlarged to }-inch.

1st experiment.—With the small shutter of vent opened, and other con.
ditions the same as in the experiment of previous day, the shutter rose in
less than 10 seconds without any shock whatever. This was repeated half
a dozen times with the same result.

2nd experiment.—The vent was fully opened ; the stream ran 84 feet
deep with a velocity of 10 feet per second over the shutter as taken by the
current meter, The shutter on being released rose in less than 5 seconds
without the slightest shock or hitch of any description. The actual head
of water in the pond above the vent was 5 feet.

It is to be mentioned that the shutter was fixed at 6 feet from the down-
stream end of the vent where there is a clear drop of 9 inches to the rear
apron of the under-sluices; where again there were only a few inches of
water at the time of the experiments.

It will be observed that the shutter has been exposed to conditions which
are never likely to occur in actual practice. In practice there would always be
a certain depth of water in the rear to relieve the accumulating head in front.

"~ The conclusions are, that the application of the principle of the hydrau-
lic buffer (to be here called the hydranlic brake) has been perfectly success-
ful. It is probable that some improvements may be found in the replac-
ing of the plunger by a less perishable material, but this is 8 comparatively
unimportant matter of detail. The principle can be applied to s shutier
of any dimensions consistent with proper proportions of strength and
due tttoﬂfion to the proportion between the diameter of-the plunger and
that of the smaller orifice of discharge from the tube. ’

It appears that any appreciable period short of instantaneous action is
sufficient to prevent any shock.

: J. K.
YOk, IL.~=—8ECOND ENRIES, @
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No. LXVIL

EASTERN GANGES CANAL.
[ Vide Plates V. and V1, |

(Compiled by Editor),

. Tag tract of country between the Ganges and Ramgunga Rivers, forming
Western Rohilcund, and comprising the districts of Bijnour, Moradabad,
and Budaon, having suffered severely from droughts, projects for irriga-
‘tmg this ‘doab’ from both the rivers were iaken in hand under the gene-
ral direction of Mr. J. L. Parker, C.E., Superintending Engineer. In
1869, the earthwork (in part) of 18 miles of the projected canal was
executed as a ‘‘ famine relief work; ” and in connection with the submis-
sion of the Estimates for this Earthwork the subjects of the proposed
volume, and system of distribution of water supply of the canal, (desig-
nated the Eastern Ganges Canal,) were discussed in the correspondence
between the Supreme and North-Western Provinces Government,

All the discussions on these, and collateral, subjects are very interest=
ing to the Hydraulic Engineer, but they cennot be reproduced in this
journal in extenso ; the following extracts however will sufficiently exhibit
the several views held by different Engineers, and the arguments adduced
in support of these views: and will, it is hoped, be found well worth per-
usal and careful consideration.

‘- The appended Map (Plate V.), shows the general, proposed, direction
.and arrangement of the main lines, and larger distributaries, with suffi-
ocient accuracy to illustrate the references in these extracts of correspon-
dence, It is reduced from a map originally compiled by Mr. Parker,
when surveying for a canal from the Ramgunga in 1856. The map
‘does not however show the “ perennial channels” on the right and left
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on the main canal, the proposal for which forms the principal subject of
discussion in the correspondence. These may be imagined to run more
or less parallel with the main canal below the 80th mile, and with the Sum-
bhul and Amroha Branches, at the distance of a mile or two on both right
and left sides.

It will be understood that all reference to many letters, reports, &o., is
entirely omitted, and that some of the subjects discussed in the papers un-
der consideration are also ignored sn fofo in these extracts; which deal
only with the arguments, &c., bearing on the questions of “ volume, and
system of distribution, of water supply ” in the proposed canal.

Chief Engineer (Irrigation), N. W. Provinces, 9th December, 1869,

Thé following is a Statement of the Scope and Design of the Canal.
It has been determined by the Government of India that a volume of
water of not less than 1,000 cubic feet a second shall be contdbuted from
the Ganges fur the irrigation of this tract in the rubbee season, because
the Ramgunga is unable to supply the full demand, and because the want
is shown by experience of rain-fall in the last two years to be even more
urgent in Bijnour, Moradabad, and Budaon, than in the Districts on the
right bank of. the Ganges.

The total area irrigable, then, from the Eastern Ganges Canal alone, be-
ing shown to be 8,152 square miles (or 2,016,000 acres) in extent, half (or
1,008,000) must be considered irrigable in rubhee and half in khureef. The
ddty in rubbee looked for by Government of India is 200 acres per cubic foot,
and the proportion which it is desired to irrigate everywhere is one-fourth of
the ares under cultivation ; therefore 2 008 g% = 1,260 cubio feet a second
of discharge, will be requisite to fulﬁl the conditions ; and this amount
we must be permitted to take from the rubbee supply of the Ganges when
the right bank is getting its 6,500,

But for the khureef our supply is happily larger. The Ganges rose
this year at Asufghur on 17th May to 18,846 cubic feet : it rapidly in-
creased to three times that amount, and early in October the volume
was over 65,000 cubic feet.

So there is as much as we want available for the whole season of rice
irrigation, which may be taken from 25th May to 30th September, It
would be unwise to neglect this benefit in & country peculiarly adapted to
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k ':';7{ ﬁqn}ﬁnﬁon of rice, which already is the favorite staple and ohief arti~
.. s of food in Bijnour; it is therefore proposed to provide for & supply

" of 4,500 cubic feet & second in the khureef, The Government of India

mpm 100 acres as the khureef duty of a cubic foot of water; bat we

osunot attain those results when rain-fall is so light as in the distriots
mnder consideration, and 75 acres per cubic foot is quite the outside duty

. "srhich is possible in this case, supposing an average variety of khureef
produce to be grown. To irrigate one-fourth of the area at this rate,

_ #ould require 8,860 cubic feet; but we have taken & larger quantity, first,
because, if a larger proportion of rice is actually grown, the duty, ss our
exparience shows, will be much less than 75 acres per cubic foot, and fur-

" ther, because, on the design adopted, the enlargement of volume only

" affects the cosh of the canal in respect of earthwork, and of the masonry
works on the first 80 miles; as below that point, the main canal, as

Mmufﬁer explained, is a khureef canal only, with very few masonry

hn&gau
The design, then, submitted for sanction is for a canal carrying :—
Rabbee, . . . . . 1,250 cubic feet.
Khureef, . . . . 4,800 ditto.
The water is worth :— : N

Water-rate,
c ft. Duty. Rs Rs,
Rubbes, .. o 1,250 X 200 X 190 = 4,75,000
Khaurreef, . 4500 x 75 x 228 = 7,569,875
Add 8 per cent., miscellaneous, . o = 98,750

Total net income, «  18,88,185

The whole direct income is reckoned met; because there is a further
landlord rate obtainsble of not less than one rupee an acre, which more
than provides for * working expenses.”
- The estimated cost of project is Re. 77,82,356, which does not include
mill-houses, or plantations, on which * miscellaneous revenue " is calcu-
lated. I would take 90 lakhs for outlay and 13 lakhs for revenue, which
would yield 14 per cent., double the * factor of safety " adopted by Gov-

.. Having thus justified the projeet, it remains to explain it.

. Etis proposed to establish the heads at ¢ Shampore, ” where the boulder
jﬁt“b(impl broken by islands into several channels, admita of
g m being Jead into the canal without expensive works. This is not

Wﬁqpoht lowerdown,udfmm;&mfguhhnldmdupp-r
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whilt higher up, there is no place where the climate allows people to
remain all the year, a4 they do at Shampore, to the number, it is ssid, of
" about 100, ’

- From & head so placed, the water, after passing. through one mile over
60 feet of digging, three miles over 50 feet, and one over 40, comes to
the surface of the ground about the 21st mile, and commands the whole
of the irrigable area of the country, At the 30th mile the difficulties are
at an end.

In this distance, ﬂve hill torrents are encountered, none of considerable
length of course, or very large volnme, and all running on boulder beds.
‘It is proposed to divert the first two away from the canal, to pass the
two next over, and the fifth under the canal. With boulder foundations
and boulders to furnish stone and lime, these works will not be expensive,

At the 80th mile the canal hitherto undivided will breuk into three—

1. The left perennial channel carrying o oo 992 cubic feet.
2, The right perennial chennel carrying , .. “ 28
8. The main (khureef) canal carrying . o 2946,

It will be seen that the capacity of 1 and 2 equals the whole rubbee volume ;
no water, therefore, will pass down the main canal below the 80th mile,
excepting during khureef.

The rubbee lirrigation will be carried out from the perennial branches
with the help of minor Rajbuhas, one for each minor ¢ Doab,” as shown
in map (Plate V.) accompanying. And the khureef irrigation will be
afforded by the same channels; with this difference only, that as in khaur-
eef the expenditure of water per hundred acres, and therefore per mile of
channel, is more than double thesexpenditure in rubbee, it is requisite to
re-inforce the perennial channels from time to time by feeders taken from
the main channel, which during khureef will be running full. The main
channel is thus a large supply channel only, dry during the rubbee season.

It is proposed to have no bridges on the main canal below the 80th
mile, save where it is traversed by district or imperial roads, and to make
all the works of an inexpensive character: paved inclines in dry season,
and ferry boats in rainy months will accommodate the scanty truﬁc on
purely village roads.

The perennial and minor channels will have » fair proportion of bridges,
and be finished eapals.

It is proposed to have no navigation from the heads to the crossing of
the Nujeebabad-Bijuour road at about the 29th mile; ss’the fall being
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ﬂpﬂ mlny locks would be reqnisite, and little else could enter the Cunal
bt ‘titber, which may find its way.down the Ganges.
And from the 80th mile downwards, it is proposed to have only one
7, ﬁgable channel, viz, the Chundowsee perennial line, which will conneot
: ﬁageenah Nujeebabad, Bijnour, and Amrohs, with that important mart.
, @' there is an average fall of two feet per mile all down the country, the
mmg of large numbers of locks on other channels will be a very consi-
"derable item.

‘Navigable junctions from Chundowsee to Moradabad, and Chundowsee
to ('anal Dam at Rujghat, are contemplated but not yet investigated.
Bélow Chundowsee, on the line of perennial canal, there will not be suf-
ficient water for navigation,

" GQovernment of India, P. W, Department, (Irrigation,) 18th March, 1870,

The Chief Engineer now proposes to fix the volume of the canal et
- 1,250 cubic feet per second in the cold weather, and 4,500 cubic feet in
the rains, He has calculated the supply of water required, by taking
one-fourth the whole actual area commanded by the canal as the proper
proportion to which the means of irrigation should be given, and by assum-
ing that the area of khureef and rubbee crops irrigated should be nearly
equal. As the whole area is somewhat over two millions of acres
(2,016,000); this gives 252,000 acres as the comyuted area of each crop
to be irrigated ; and, allowing 200 acres per cubic foot for the rubbee, and
75 acres for the khureef, the discharge required in the two seasons, namely,
1,260 and 3,360 cubic feet per second i8 arrived at. But as it is expected
. that a large proportion of the khureef crops irrigated will be rice, it is
considered advisable to reckon on a lower duty than the above from the
water, or what is the same thing, to allow s larger supply for the given
area. The quantity considered suitable by the Chief Engineer is 4,500
) oﬁbie feet, which gives 56 acres per cubic foot.
v Theanuclpsted ‘returns are— .
Rubbee, .. .. 1,250 X 200 X 19 = 4,75,000

Khnmf o 4,500 X 75 x 225 = 7,569,878
Miscellaneous, * .. v « 98,750

| '!f 86 acres only were irrigated by each oubic. foot of the khureef supply,

" "%'inay be conclnded that s proportionslly higher wter-rste would be-
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-lgvied, and that the gross return would not be affected. It is estimated
that the additional landlord rate, which would be levied from the irrigat-
od lands, would suffice to cover the cost of maintenance. The above would,
therefore, represent the ultimate net income to be obtained from the
canal.

The estimate of cost, as now submitted, amounts to Rs, 77,82,856,
(£778,285), not including outlay on mill-houses and plantations, nor ap-
plronﬂy on navigation works, from which the additional income of nearly
ons lakh of rupees is to be derived. Allowing for these omissions ap-
parently, Rs. 90,00,000 (£900,000) are taken as the total probable cost
of the works,

There does not appear to be any provision for disposing of local drain-
age below the 80th mile of the main channel, though it is certain that a
considerable outlay would have to be incurred for this purpose if the pro-
posed designs were adopted, since all the drainage and surplus irrigation
water from the fields between the main lines and the proposed east and
west rubbse canals, would have to be passed across the latter. Allowing
for those omissions it may not be unreasonable to suppose that the cost
of the works might reach £1,000,000. The net income would be 18}
per cent. on the capital, which in a general way is quite satisfactory.

But His Excellency the Governor-General in Council is not satisfied
that the proposed method of dealing with the distribution, by means of
separate channels for the rubbee or permanent supply, and the khureef
or intermittent supply is the best possible. Apart from the objection
above-mentioned, which is a serious one, and calls for special explanation
as to the proposed manner of dealing with the intercepted drainage of the
tract between the canals, the Governor-General in Council doubts the
expediency of the general system proposed. At all events no attempt has
been made to prove that it is the most advantageous, and in so important
& matter His Excellency the Governor-General in Council cannot accept
recommendations of the local Engineers which are not supported by any
argument or proof.

What they suggest is to provide a special seriesof channels able to
carry about 1,250 cubio, feet per second, and another set to carry 8,000
cubic feet. . :

From the head to the 80th mile there is to be a single channel, and no
remark is called for, At this point the canal divides into three, The
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Uit Tiise fs €0 oarty the khuresf supply only, 2,946 eubie foet, thi ilds
* olitetiéls 285 cubie feet and 992 eubic feet, respectively, or together 1,897
_0llble feot, which is the rubbee or permanent supply. The differenices
mwwanmdthofunwhmulﬁwmt,mmlﬁﬂm%
“bu’amed above the 80th mile.

’rw it seems to His Excellency the Governor- Gienersl in Oovmeil thet
‘#'dhannel that will earry 1,227 cubio feet may quite essily, and with com-
patstively small extra expense, be made to carry double that volume, siy

. 2,500.cubic feet per second, so that the supplementary channel need only
be made to carry 1,700 cubic feet, instead of 2,900 cubic feet. A little
addition to the rubbee channel would apparently admit of its carrying the
whole of the supply proposed to be put into the khureef canal, say 8,000
cubic feet, leaving 1,500 only for the supplementary line,

It appears to His Excellency in Council that if this course were fol-
lowed, the canal could be constructed in the ordinary way on the proper
water-shed of the country, the permanent canal taking the line proposed
for the khureef canal. Thus all interference with the natural drainage
would be avoided, which the Governor-General in Council considers to be
of the most essential importance,

The supplementary khureef supply could be arranged hereafter, per-
haps to some extent on the plan now proposed for the rubbee supply. But
His Excellency in Council is strongly inclined to have the works carried
out, in the first instance, on the basis, of a single line of canal to carry
1,250 cubic feet per second as a permanent supply, giving it as much ad-
ditional capacity as can be conveniently and economically arranged, and
leaving the additional khureef supply, in excess of the quantity that can
be carried by the main canal, to be dealt with separately hereafter.

Various ways of doing this might be suggested. One, which seems
quite feasible, is to turn the extra supply into the Ban or Gangan, and
et it find its own way down the country, passing it into some of the other
drainages and having suitable weirs on those drainage lines to admit of
its being taken out again at convenient places for irrigation. It is pro-
’uble that all that is heeded could be done in some such way without any
inberference with the surface drainage. It is understood that the rivers.

- mentioned are not in deep beds, at least as far down as Moradabad, and
W, it is believed, be quite managesble in the way uuggabed.

O the whole, unless it can be proved that a very distinct advantage
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* ‘b the use of the donble set of chamnels, His Eavellenoy
will prefer‘the adeption of the more sommon plan of distribu-
fign #f the water, whioh will osttainly be under more complete command,
visk of injury o the country by obstructing the drainsge,—a

rink in the tract in question seems to be unusually grest..

1/ & forther to request that, on the re-submission of the estimates
with the emendations now suggested, information may be furnishe? s to
the genenal condition of the draipage of the districts to be infuenced by
+he Eastern Ganges Canal; and that it may be shown that the effect of
the canal wafer wpon it has beén fully considered and provided for to a
guitable extent in the estimates.

Chigf Engineer (Irvigation), N. W. Provinces, 16tk July, 1870.
Copacity of Oanal System.—A maximum monsoon supply of 4,500
cubio fest was, and is yet, recommended, beeanse—

1. It is easily available.

8. Beoanse if much rice is grown, as is in every way probable, the
duty obtained per foot of water will in this region of sand and
light loam be 80 much less than the standard of the Govern-
ment of Indis as to employ the greater quantity proposed,
oven though the proportion of land irrigable every year be

‘e estimated at one-fourth only of the whole culturabld ares.

The Government of India appearssto consider the duty which the mon-
soom supply of water would render under these coriditions, viz., 56 acres per
foot, to be too litile, and directs the adoption of 8,000 cubic fest as the
limit, giving & daty of 84 acres per foot.

On, thees additional considerations I would earnestly recommend that
thse volume of water eriginally proposed be not diminished.

Piret.~~Thet the sssignment of one-fourth of cultiwated oz eulursble
awen sa $ho limit of yemly irrigation, is an estimate of the smount requs-
ke L0 seve & somstry from famine; but it is quite fallacious as aw indies-
S of the wasis of tle people. On the Ganges Capal there nover yot
‘Sl boen » pufebingy.of water anywhere o meet all demands; bet the
fatjowing Sgwive, .piluting to the Enstorw Jumna Osnal, where water is
Texthor miore sbundssd, (whick are exteacted from the Ceuses Report of
Waith-Westars Provinces 4s rogards areas, and from the Cansl Bevsane

,m.. H,~~B2M08D SERIES, |



46 . BAMTERN GANGES CANAL, '

jort ns regards. aress irrigated in 1668-69,) shows what people wilk

-
‘"

. ‘when they get a chance:— oo
M“_w!,‘ , o i
e AREA IN AGRES. Per cdut. of o
\ Pergunnabs. Canal ferlipes

Hlog.t0 Cultivaticn.
P Cultivate |Conslirigay T

y . .o . 5R,240 88,782 | BT per cent.
ﬂ s se s e | 58,880 4290¢ | 72

e e ee| 45440.| 10,680 | 28

&n e ee ee | 49920 25,857 :2
pmlee. e ee o | 87,120 17,206

e s ee es | 89,040 27,058 | 69

Baghput, et ee  ee  ee | 96640 27,288 | 28

s$vses

N.B.~1t, is only in Pergunnah Rampore that rice is the staple of
Khureef cultivation. Sugar and cotton are the chief produce of other
porgunnahs. The Bijnour, Moradabad, and Budaon Districts, traversed
by Esstern Ganges Canal, grow rice and sugar already, and will grow
indigo, the people say, when they get water.

In certain pergunnshs in which well-irrigation is mest largely and
sucoessfully practised, 80 per cent. of cultivated land is irrigated annually.
There seems to be no good resson why canal-irrigation should not attain
the same development when water is abundant, and then what shall we do if
the masonry works of the canal, for which 4,500 cubic feet a second is
easily available, have limited supply to 8,000 cubic feet ?

Second.—That the loss of volume from percolation on thé Ganges Oanal
appears at this moment to be not less than 80 per cent. on discharge;
that canal passes through but a few miles of bhoor land, which on the
Bastern Ganges is the staple.

The oversight of this point was an omission in the first report, which
I am most anxious to rectify, as it is a consideration of the saddest im-
ml'hmo. This reduction would make available supply 8,150, which

egrees practically with the Government of India limit. The Ganges

hu aow boen sixteen years at work, without the Jeaks which so

it being discovered and staunched either naturally gr ariificipl-

!ﬂ No doubt peroolation will diminish in process of lime, and in thet

. we may fairly reckon that a demand will avise for Eastern Ganges
: water, which will fully tax 4,500 cubie feet. -

“« ¥hirdly—A. flaw hes been found in the scheme ‘for makitig ¥he canal

mﬁb the Bungnngu independent of the Eastern Gm Q. Bising
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WM Mmmmmm water, the monsoon
m of the Ramgungs does not swell until looal rains fall-{ or not),
thﬁ between 20th June and the 18th Angust, too late to assist the
pnipmon snd sowing of mdxgomd rice crops, and nseleas, of ooum, for
“the growth of sugar.

. It will, therefore, be ‘the chetpest plan- to give the Ramgunga Oaml
sbovo its crossing of the Gangan a capacity regulated by the available
rubbee supply, which, &8 before proposed, will be applied to the whole length
.of ‘the canal, s requirement which it can fairly meet. The upper part of

‘this canal, down to the Gangan, filled from the Ramgunga, will carry
khureef supply for that length only; the lower section, from the Gangan

- downwards, must be supplied by a channel from the Amroha Branch of
the Eastern Glanges Oanal, which can be carried at the requisite level
pavsllel to the Moradabad road. This will abstract 700 oubio feet of khur-
oef supply from the main canals.

. It may be ﬁhonght ‘that too much has been proved, and that 4,500
cubie feet now appears to be too small a quantity. I must admit it is so,
but the Ganges gauge retarns at Asufnuggur show it as much as we can
-depend upon getting in time for indigo and rice sowing: and the volume
.obtainable for sowing operations is enough for further cultivation. There-
fore, I wodld limit the capacity of canal to 4,500 cubic feet as designed.

‘Mr. Parker arrives at the same recommendation of 4,500 cubio feet,
by considering that eme-third of the cultivated area requires water
sunually. -

. Datributwu ~His Excellency was not satisfied that the proposed
‘method of dealing with the distribution, by means of separate channels
for the rubbee or permanent supply and for the khureef or intermittent
mpply is the best possible, and it is remarked that whilet the Local En-
gmm do not support their recommendations by argument or. proof, the
uoheme is liablé to objection as causing interception of 'drainage, and His
Exeellnacy is. strongly inclined g have the works carried out in the first

‘,imhnoaunﬁ:ebm of: snngh line of canal to carry 1,250 osibic: feet

uﬁ ® pmont nupply, with a3 much additional capacity as ean “be con-
?manﬂy mﬂ owmuny arranged, hsvmg the balance of khnmf npply
‘$obe dealt.with separately herealter.

. quiuem arvagieed that the monsoon.-supply of sund lnih North-

' Wm’!'rmm esamot convensently be mach more ¢haa dowble the
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dry-weather supply. Such a cafial, therefore, as is here proposed by the
Government of India, would carry 1,250 and 2,500 cubic feet in the
several seasons, This plan of distribution, it is said, will bring the water
of the canal under more complete command than that proposed by the
North-Western Provinces Government.

It is observed that & little addition to the rubbee canals as designed
to carry severally (now) 710 cubic feet and 285 feet (not 1,227 cubic feet
collectively) would enable them to carry 3,000 cubic feet, leaving 1,500
only for a supplementary line; but whereas the bed of the 710 cubic feet
rubbee channel into which only 5 feet depth of water enters at natural
flow, is but 43 feet wide; the khureef supply of 8,000, though running
9 feet deep, requires a bed 105 feot wide at botfom. The latter is a canal,
the former are but rajbuhas. It does not appear possible to accommodate
such different volumes in the same bed ; the rubbee supply in the larger
bed would be but a foot deep, and would very soon be lost by pecolation,

It is held, I believe, by some authorities that the right system in such a
case is to dam up the rubbee water in the large channel until it attains a
depth approaching that of khureef supply, and of course commands all
irrigation outlets, and when the tract thus commanded is watered, to re-
move the dam lower down, and thus carry a full supply step by step down
the canal. This may be practicable enough in deltaic regions, where there
is practically no slope, and the lowering of a gate 6 feet deep raises the
depth of water in & canal to 6 feet for 40 miles back ; but in the project
we are dealing with, the proposed slope of bed averages upwards of 2 feet
amile, so that water could only be raised from 1 to 6 feet in depth by having
a stop dam at every two and a half miles, or practically just below each
irrigation outlet. Obviously a canal 270 miles long cannot be thus dealt
with, the crops would wither before their turn for another watering came
round. Moreover, the rubbee canal, designed to carry 710 cubic feet when
full, costs in Northern Division an average of Rs. 1,954 a mile : the khur-
eef canal discharging 8,000 cubic feet 8 mile 29, costs from that point
to the limit of Northern Division but Rs. 2,545 a mile, showing how cheap
is the cost of the unbridged supply canal in comparison to the finished
expense canal, even though the latter will be very cheaply constructed.
If the large canal were made perennial and the small mterm:ttent the
comparative cost would be very different.

Mr. Parker puts this part of the case very clearly as follows : =
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“ It was necessary in projecting the Eastern Ganges Canal to maintain
8 constant head (we had only one-fourth of the khureef supply during-
rubbee) and to economize it, in order to let the water pervade all the
irrigation lines as quickly as possible, and lose as little as possible by ab-
sorption and evaporation, especially by the former, in the many sandy
traots the canal passes through.

- ¢ All this is done by the system adopted. The constant head is main-
tained at the first weir dam at the 29th mile. The rajbuhas are made to
carry the whole rnbbee supply. This is sent down the various lines at a
much greater velocity than it could be sent down the main canal, with a
greater depth than could be maintained in the canal, and in the most direct
way, instead of indirectly, as it would be by going down the canal, and
thence by feeders into the irrigating lines. The results are these :—Irri-
gation is more quickly effected, absorption and evaporation reduced to a
minimum ; growth of weeds and water-grasses, which would occur if a
supply of small depth went down the canal at a low velocity, prevented;
much repair and maintenance expenditare avoided, and what is necessary,
rendered easily applicable.”

Mr Parker also urges reasonable objection to the proposal of throwing
the surplus khureef supply into the Ban or Gangan, or other drainage
lines as follows :—

¢ With regard to the East Rohilcund Canals, the system has been to
take possession of a nuddee in which there is constantly some water, to
dam this up at intervals, and to take out irrigating lines from each dam.

“The results are these:—The Rohilcund Canals have been quite a
failure from the essential fact that water is taken out from the nuddees
which occupy the lowest points of the country, and can only water the
adjacent low lying lands, without being able to touch the higher; so com-~
pletely has the mistake been realised that the whole of the East Rohilcund
Canals are now undergoing either revision or remodelling.

Drainage—Regarding the obstruction to drainage, which is anticipated
by the Government of India to result from the mode of construction here-
in proposed, the Superintending Engineer observes :—* The chief feature
of the Doab we are dealing with is, that it is drained by a system of
natural lines between which are very narrow strips of country, as will
easily be seen by a reference to the sketch maps accompanying the project.
The names of the principal drainage lines beginning at that furthest north,
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are—the Rohasan, Peli-ki-Rao, Khatawala Khalia, Jakran, Malin, énd
Chain Nuddees, all of which are crossed by the canal, and the Ban, the
Gangan, and Karula Nuddees in the northern half of the Doab, and the
Choya, Sot, or Yarwafadar, and Aril Nuddees in the lower half, between
which the canal and irrigating lines will run on the water-sheds. After
once passing the first group of nuddees above-mentioned, no further
drainage lines require to be crossed. This is a fact of considerable im-
portance, and one to be coupled with that of the narrowness of each strip
of country lying between two rivers, and to be remembered when consider-
ing the question of drainage in connection with irrigation.

¢“The main canal and its two branches run on water-sheds, and will
throw off the drainage towards the irrigating lines next to them. Such
drainage will pass under these lines and will be arranged for when more
minute surveys of the country have been made. The feeders will intercept
the longitudinal drainage of the country, but this can also be passed under
the irrigating lines and thence into the nuddees. Provision for this can
also be made when the country has been better surveyed. This survey
could go on while the canal works are being executed, and estimates from
time to time prepared and submitted.

1 believe it will be found that very little drainage work will be re-
quired. Besides the favorable feature before described of the Ramgunga
Doab, when it is itsclf traversed in all directions by our irrigating line-
feeders and minor rajbubas, and by the innumerable water-courses which
the agriculturists themselves must make for irrigating uheir lands, the
surface of the country will be so cut up into small areas, that each area
will retain or consume most, if not all, of the rain-fall upon it, and works
will not be required for draining it. Much of the country is sandy, and
will absorb water to a large extent.”

Detailed surveys will probably show that no system of drainage can
advantageously be laid out until irrigation is developed, and that the chan-
nels requisite will, from the causes narrated by Superintending Engineer,
be very short and minute. There will be no difficulty in making them.
The sandy bhoor soil traversed by the canal is particularly absorbent and
permeable, and it is probable that surplus irrigation water will rapidly pass
off into drains judiciously arranged. But it is certain that where springs
are not very near the surface, the soil will not readily acknowledge a
surplus.
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From the 57th to 97th miles on the section of main canal, water is
found within 10 feet of the surface. A correspondence occurred between
Chief and Superintending Enginéer on the question whether this tract
would not do better with well than with canal irrigation; but it is found
that the water bearing surface affords but a very scanty supply. Wells
without lining can easily be sunk in this tract, but if a large demand be
made upon them by the use of any machine of more power than the dhen-
klee (an earthern jar worked by the weight of a man acting on a balance
beam), they at once give out and fall in. 'Wells lined with timber or brick
fare no better, so that the irrigation resulting from the wells in use,
though they are very numerous, is very trifling, and the people are urgent
in asking for canal water. Great care will be requisite in dealing with the
irrigation of this tract. The first effect of the construction of the canal will
be to drain the country ; the next, when supply is admitted, to raise the
surface of water in the wells and increase their volume : it will probably be
necessary to do one of two things, either to drain this part of the country,
and introduce canal-irrigation with a sparing hand, or to let well-irriga-
tion go on on the larger scale which will then be practicable, without fur-
ther aid from the canal than percolation affords. This question must be

left to be dealt with when mature. The map shows the drainage will
be very easy.

Government of India, P. W. Department, (Irrigation,) Tth March,
1871, did not acquiesce in the conclusion that the system of separate
channels for the conveyance of Khureef and Rubbee supply, respectively,
satisfactorily overcomes the difficulty of dealing with the two different
volumes of water. Other arrangements were suggested : the main feature
of which consisted in separating the project into two distinct portions ; and
providing for the irrigation of the upper portion of the Doab (which is
less than one-fourth of the whole area) by a distinct main canal of small
dimensions.

The principle of substituting short distribution channels whose khur~
eef capacity would in most instances be suitable for the rubbee supply,
(which must, under any circumstances, be distributed by rotation,) was
considered to overcome the difficulty of dealing with different volumes of
of water during the respective seasons of cultivation,. and to interfere in

the least possible degree with the natural drainage lines ; a matter of the
greatest importance.
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By dividing the irrigation of the Ganges-Ramgunga Doab into two
distinct series of channels, the lower portion of the project as submitted
would not be affected as far as the main lines are concerned, that is to
say, from the Amroha bifurcation to the termini. The alignment of the
first 15 miles of the upper channel would probably remain the same, but
before actually laying out the channel further investigation would be
necessary, of the possibility of ‘reducing the quantity of deep excavation
encountered between the 8rd and 7th and 13th and 20th miles of the
canal. It was observed that a fall of 15 feet is allowed between the point
where the water is proposed to be drawn off from the main stream of the
Ganges and the artificial head of the canal, a distance of only 1} miles :
and it was suggested that it would be a more economical plan to take the
head of the canal from some point still higher up the river so as to enter
on the high land with a moderate cutting of from 15 to 20 feet. It was
considered that if this was feasible, it was on every account to be prefer-
red ; not only as being more economical, but also as more expeditions, and
reducing the necessity for employing a large body of laborers in a very
unhealthy part of the country.

Chief Engineer (Irrigation), N. W. Provinces, 26tk Oct., 1871, showed
that the last proposal—to construct, instead of one continuous canal, two
separate canals, with heads at Shampore and near Bijnour, respectively,
was inexpedient on Engineering and financial grounds. The subject was
re-investigated by Mr. Parker, and by Mr. J. W. P. Roberts. C.E., Exe~
cutive Engineer, and the following extracts from their reports, (with the

Chief Engineer’s remarks thereon,) show the results of their investigations.
“ Mr. Roberts’ note, extracted marginally shows that the position of the head of the

o Whe;xe;hf survey ofutheofE’.stm;n Ganges Canal wasyirgt Eastern Ganges Canal was
commenced (in ), & line evels was taken vid Bijnour to :
Raolee to test the praktlcatgmoyd of taking the water {rom that, ";’7 fully considered when
point. This idea was abandoned because it was found that such  the surveys
& canal would not water the Bijnonr District, and as it was al- . " yswere commenced
zn'.’ysmundt;;‘?modi mgm it r:;.;d ned sine quafnon t}‘\::dthat district 10 1868-69.  After careful
uld be irriga We D! to try for a higher up, i i
First Nagul was tﬂed, next Asufgurh, and lastly Shampore, Ar'ewew of the va.nou.s alterna~
We found that vhe rise of the river is small up to Nagul,* but ~tives and examination of the

# From Baoclee to Nagul, the rise of ; —— .. .

the river varles from 17 10 3 foot Ber there the boulder bed (with with Mr. Parker in

mile. its attendant rapid fall and S
the head of the canal at

high velooity begins. My Progress Report for December, 1868,
g:lfe- the result of our trial levels taken for the Bijuour line” ' Shampore.

The new proposal to establish a second head near the junction of the Malin nuddee
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with the Ganges has been investigated with great care and fidelity by Mr. Roberts. He

Extract paragraphs 15, 18, and 17 of. Mr. Roberts’ Report.

A few general remarks on the proposed Raolee Canal. The point of
junction of the Malin nuddee with the Gangesis in many respects a
favorable site for a weir, as the kbureef bed of the river is narrow
and the main stream runs close to the eastern high bank. The bed is,
however, composed of very fine sand—so fine that it is difficnlt and al-
most dangerous for a man to cross it, as the feet sink.

The khadir through which the canal wonld pass for many miles s
not very favorable, being, like most other parts of the khadir of the
Ganges river, composed of very fine sandy soil with a foot or o of allu-
vial soil on the top. Near Raolee the Ganges water, although not
having a high velocity, cats with apparent ease into the khadir land.

The bed of the canal would, as will be seen on reference to the longi-
tudinal section, run for many miles (in fact nearly the whole distance)
below the spring level of the country.

Mr. Parker’s Reasons (pages 5 and 6 of same Book, (1st Part).

I attain my object from one head instead of two, as is required by
the New Scheme.

1 utilize a natural weir, and require no artificial one, while the
New Scheme requires one, if not two, of the latter.

I take my whole supply frowm the river, where it has a minimum of
silt (an advantage, according to paragraph 5 of Preliminary Observa-
tions of Ganges Canal Committee of 1866), while the New Scheme takes
its larger volume from a point where the river must have an enormous
amount of silt during the season when this larger volume is required
to enter the canal.

I do not interfere with the course of the'river, which the New Scheme
does by cstablishing one, if not two weirs.

1 take my head at the highest possible point in the river, where it
has & permanent boulder bed, not liable to change, while the New
Scheme takes the head for the larger supply in the hhadir which is
liable to change at any time—a fact 1 know, not ouly irom my own
experience, but also from its being confirmed by paragraph 9 of “ Ganges
Canal Committec's Preliminary Remarks."”

I carry water from the head only 19 miles without irrignting, while
the newly suggested line cannot irrigate till the end of the 36th mile.

Having to withdraw a certain quantity of water from a river, it is
cheaper relatively to the dischargo to take it from one head than from
two.

pore.”’

establishes that this
new scheme, instead
of being cheaper by
£43,000, as it claim-
ed to be, would cost
as necarly as possi-
ble 50 per cent., gr
£418,000, more than
the project recommen-
ded by the Govern-
ment, North-Western
Provinces, and that it
is further subject to
the serious objections
quoted in the mar-
gin, which prove that
the amended scheme
would be undesirable
if it werc not finan-
cially impracticable.
I necordingly see no
grounds for altering
the original recom-
mendation that the

EFastern Ganges Ca-
nal should be con-

structed from one
head fixed at Sham-

With regard to the objection to the want of a proper provision for

-drainage for the triangular plots into which Mr, Parker’s plan of construc-
tion would divide the lands lying between the khurcef (or supply) and
the rubbee (or perennial) canals, a sketch (as per accompanying dia-
gram) was submitted and it was remarked as follows :—

¢ In the accompanying diagram all canals and water-courses are shown
in full lines, and drainage lines (which it will be observed are formed by the
boundary ditches of the irrigation channels) in dotted lines. The whole
drainage is shown by the arrows to be taken into the various ditches and
passed under the rubbee canal at intervals, the accumulated waters shown
by larger arrows being finally led into a natural drainage line.

Tt is not possible to fix the position of the several minor lines until
levels of the country have been taken at very close intervals ; meanwhile
the diagram shows that the drainage can be completcly effected. The
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smount allowed by the Executive Engineer for this purpose, appesrs
reasonable and sufficient.’

Khureef or Supply Canal.

Col. II. A. Brownlow, R.E., Offg. Chicf Engineer, Irrigation Works,
N. W. P., the 2nd April, 1872.

Having been called upon to state my opinion on the system of distribu-
tion of water proposed for adoption on the Eastern Ganges Canal, I must
say that it appears to me to lie open to two grave objections—

1st.—That of affording a needlessly large supply of water during the
khureef to districts where the nearness of spring level to the surface of
soil calls for the greatest care and circumspection in giving canal water at
all during any except years of famine.

2nd.—That of interfering very seriously with the drainage of the country
in order to secure this lavish irrigation, thereby aggravating immensely the
water-logging of soil and unhealthiness which must inevitably result from it.

The proposal is to carry a large khureef channel down the main water-
shed of the country traversed by the canal. On either side of this, and
running more or less parallel to it, are to flow two perennial channels,
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which are said themselves to occupy minor watersheds, The irrigation of
the country is to be effected by water-courses from the perennial channcls,
while feeders taken out from the main khureef channel will supply these
perennial lines when the main line is carrying water.

Now, a glance at the following sketch, which gives a general idea of
what I conceive to be the physical features of that part of the country,
will show how completely snch a system of distribution will interfere with
and choke up the minor drainage lines :— )

If it be argued that my sketch gives an exaggerated view of the amount
of obstruction to drainage that will be caused by the proposed system of

distribution, I reply that there are no reliable data available to refute it.
It is allowed that the minor drainage lines of the country have not yet
been carefully surveyed, and my own opinion is that they will, in many in-
stances, be found even more complicated and difficult to deal with than I
have pictured them.

Mr. Parker, the Superintending Engineer, who initiated this project,
assures me that a personal knowledge of the country enables him to state
that these minor drainage lines are not of any importance ; but it must be
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remembered that the question is net what is their condition now, but what
it will be after the canal has been running for ten years.

The spring level of the country is already only 10 feet below the surface
between the 57th and 97th miles of the main canal. The annual rain-fall
in this tract during ordinary years is about 30 inches, and the effect of
the fully developed irrigation from the proposed canals will be to throw an
additional 13 inches of water over the whole area, thercby making, as it
were; the present exceptional rain-fall of unusually wet years the rule.

The irrigation from the Ganges Canal, which is not conducted on any-
thing like so profuse a scale as that proposed for these canals, has al-
ready raised the spring level as much as 20 feet in many of the tracts
where rice is most cultivated. With this fact before me, I should not be
at all surprised to hear that considerable portions of the tract under con-
sideration had become impassable morasses in the course of a fuw years
after irrigation commenced.

Mr. Parker formerly relied on the very obstruction of the drainage to
which I object 8o much as enabling him to dispense in great measure
with the necessity of draining at all. But I for one eannot accept the
statement that the interception of drainage water does away with the
necessity for drainage. True the soil may absorb the water to a large ex-
tent, but, to my thinking, it is a more formidable antagonist when thus
disposed of than when it is passing off by surface flow.

Mr. Parker has, however, lately admitted in conversrtion that a system
of deep artificial drains will ultimately become necessary, in which ease it
is surely more in accordance with sound engineering to arrange that all the
drainage cuts shall follow the depressions, and the irrigating channels the
high lands, than to treat an undulating country as a “ tabula rasa,” the
features of which are to be moulded hereafter according to our own will.

If we suppose that there are no undulations, and that the country slopes
uniformly down from the main watershed to the rivers shown on the map,
the perennial channels will then lie some way down the slope on.either
side, and will intercept the broad shallow film of drainage flowing over the
surface of ground to the river. Any one who has watched the flow of such
drainage will, I am sure, admit the truth of my assertion that the obstruc-
tion caused by a bank of several miles in length can never be effectually
remedied by the construction of a few large culverts at certain points which
the amount allotted for drainage shows will not be very near each other.
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I have already stated that I object in limine to the excessively large mon-
soon supply which it is proposed to throw into these canals, and which ap-
pears to be the sole cause of the complicated system of irrigation proposed
for adoption. If it bestill considered necessary to adhere to this large
khareef volume, it seems to me imperatively necessary to move up both
perennial chaunels to the main watershed now occupied by the khureef canal.
They would then lie immediately contiguous to the latter, except where it
became necessary to interpose feeding channels for the purposes of supply.
But it seems to me that the great object in the construction of irriga-
tion canals is not so much to obtain a maximum of revenue at a minimum
of cost, as to lay them out on sound engineering principles ; and, while
keeping in view the necessity of obtaining such a retarn as shall remunerate
the State for its outlay, never to lose sight of the physical conditions or
necessitics of the country which they traverse. Above all things, the
health of the irrigating community should be considered of paramount im-
portance, as there is but little use in giving its members luxuriant crops
of rice if, in the course of a few years, they have neither health nor
strength left to enjoy them,
The reasons given for utilising the large monsoon supply do not appear
to me sufficient to warrant its adoption. They are—
1st.—That it is easily available,
2nd.—That if much rice is grown, the duty obtained from the water will
be so much less than the standard adopted by the Government of India as
to employ the larger volume proposed, even though the proportion of land
irrigable every year be estimated at one-fourth only of the culturable area.

3rd.—That the assignment of one-fourth of cultivated or culturable area
ag limit of yearly irrigation is quite below the wants of the people ; the
canal-irrigated areas in certain pergunnahs of Saharunpore, Mozuffernug-
gur, and Meerut Districts, running as high as from 60 to 70 per cent. of
the cultivated area.
4th.—That in certain pergunnahs in which well irrigation is most large-
ly and successfully practised, 80 per cent. of cultivated land is irrigated
annually, and that there seems to be no good reason why canal irrigation
should not attain the same development when water is abundant.

5th.—That the loss of volume from percolation would probably reduce
the available supply to 3,150 cubic feet per second—a volume which agrees
practically with the limit proposed by Government of India.



58 EASTERN GANGES CANAL.

6th.—The necessity for supplying the Lower Ramgunga Canal with
water from the Ganges, owing to the late date at which the volume of the
Ramgunga River begins to increase.

The first reason is one which can be urged in support of almost all pro-
posals for utilising large khureef volumes, and is I think, only fairly ap-
plicable when it can be proved beyond a doubt that the injury to the
health of the community and to the low-lying lands (which may be expect-
ed to result from flooding the country to so large an extent) will not be
out of all reasonable proportion to the advantages gained.

As regards the second and third reasons, 1 think that most Irrigation
Officers in the North-Western Provinces will support me in deprecating
strongly either the encouragement of growing large areas of rice, or the
acceptance of the wishes of the people as a safe guide for us to adopt in
this particular matter. The state of many of the villages in the pergun.
nahs guoted (in which canal irrigation bears so high a proportion to culti-
vated area) bears me out in my argument, as some of the very worst cases
of suffering from rise in spring level that have come to my knowledge have
occurrad in these very localities.

As regards the fourth argument, there must surely be some mistake in
the returns quoted, which state that 80 per cent. of the cultivated area
in certain pergunnahs is annually irrigated from wells. I have asked
Settlement Officers of great experience, who assure me that they have
never met with any such cases, and suggest that most probably the mean-
ing is that 80 per cent. of the cultivated land is irrigable from wells.
Besides, granting that so large a proportion of well irrigation did exist
anywhere, there is surely no analogy between such a case, where the water
is drawn from the subsoil, sparingly distributed over the surface, and
returned to the subsoil in diminished quantity, and the case of 80 per
cent. of the cultivated land being tlooded with a profuse supply of canal
water, which all contributes to raise the spring level instead of lowering
it. The irrigation, conducted in the former case with perfect impunity,
would in the latter very probably turn the land into a swamp and decimate
the inhabitants with fever.

Were the duty obtained from the water in the proposed Eastern Ganges
Canal to run as high as the duty obtained from well water, a mazimum
supply of 1,250 cubic feet would amply suffice for the wants of the com-
munity.
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I shall consider the loss from percolations, stated as the fifth reason,
further on (sec page 60); and think that the sixth reason must stand
or fall with the possibility of our being able to devise any means of safely
combining large and small dischargesin the same channel.

Having regard to the nearness of spring level to the surface of the
goil, and to the supply available for use during the rubbee, I am decidedly
of opinion that the scheme originally suggested for adoption by the Gov-
ernment of India (see page 44), is the best suited to the circumstances of the
case. There should be a single line of canal adapted to carry a minimum
supply of 1,250 cubic feet a second, and a maximum supply as much in
excess of that volume as can be conveniently and economically arranged.

A channel having a bottom width of 185 feet, side slopes of 1} to 1,
and a fall of 1 foot per mile, will discharge a little over 1,250 cubic feet
a second, with a velocity of about 2-33 feet per second when flowing 4
feet deep. If the depth in the same channcl be increased to 6% feet, the
discharge will rise to about 2,800 cubic feet per second, and the velocity
to about 8 feet per second. I see no difficulty whatever in arranging for
the maintenance of irrigation from the distributaries within these limits of
fluctuation in the main channel, and the experience of the Eastern Jumna
Canal will, I know, bear me out in this opinion.

All irrigation channels should follow as closely as possible the watershed
lines of the tracts which they are intended to water,

At first it would only be possible to lay down main lines of canal, but
no time should be lost in surveying and laying down the minor drainage
features of the country, and then each separate “ Doab” can ultimately be
provided with its independent irrigation channel of a volume proportioned
to the area commanded. The water would thus be delivered much more
directly on the fields than in the proposed scheme, where the perennial
channels leave the main watershed, and have to irrigate much of the land
against the transverse slope of the country.

No one can doubt the fact of the area commanded by the Eastern Jumna
Canal having been perfectly protected from the effects of drought during
the famine years of 1860-61 and 1868-69. The gross area so command-
ed amounts to 1,550 square miles. The volumes delivered were 1,500
cubic feef per second during khureef, and 665 cubic feet during the rubbee
of 1860-61, 1,126 cubic feet during the khureef, and 682 cubic feet during
the rubbee of 1868-69. The proportion of barren land to gross area is
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almost exactly the same on the Eastern Jumna and Eastern Ganges Canals,
being 14:66 per cent. in the former and 14 in the latter case. A compa-
rison may therefore be very fairly instituted between the two, in order to
ascertain how far short the reduced volume of the Eastern Ganges Canal
will come in protecting the area irrigated by it from famine. The mean
velumes of the Eastern Jumuna Canal for the two years are 1,813 cubic
feet per second for khareef, and 673 cubic feet for the rubbee ; and increas-
ing these volumes in proportion to the gross areas commanded, we get
2,900 cubic feet during khureef, and 1,370 cubic feet during rubbee, as
the corresponding volumes required for Eastern Ganges Canal. The vo-
lumes which I propose for adoption (2,800 cubic feet during khureef, and
1,250 cubic feet during the rubbee), fall short of this standard by about
100 cubic feet per second in each fusl. The short rubbee supply may be
lamented, but cannot be helped, as there is no more water to be obtained
from the river, while bearing in mind the nearness of spring level to the
surface of the soil, I look upon the short khureef supply as a decided ad-
vantage. As the loss by percolation is included in the volumes adopted as
standards of comparison, no extra provision need be made on that account.

Eighty-six per cent. of the gross area (3,152 square miles) commanded
by the Eastern Ganges Canal is cultivated and culturable. The propor-
tion of khureef to rubbee cultivation is as 17 to 10; the khureef duty may
fairly be taken as 75 acres per cubic foot per second, and the rubbee duty
at 180 acres.

From these data we obtsm an irrigated area of 210,000 acres for the
Kkhureef or 19 per cent. of the gross cultivated and culturable khureef area ;
and 225,000 acres irrigated during the rubbee, or 35 per cent. of the gross
cultivated and culturable rubbee areas. The returns may be estimated at :—

Cubic
feet. Acres. RS, Rs.
Khureef, .. o oo 2,800 ¥ 75 x 225 = 8,72,600
Rubbee, . o 1,250 x 180 x 19 = 4,27,600
Add 8 per cent. M:scellaneous, . . . e 72,000

Total (net income), .. Rs. 9, 7 2,000
I have adopted the water rates per acre given by the Chlef Engmeer in
his report on the Eastern Ganges Canal, dated 9th December, 1869, and,
like him, have reckoned the whole direct income net, allowing that the
working expenses will be covered by the landlord rate.
My estimate of the returns looks of course rather dingy when placed
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beside the previous estimate of 134 lakhs obtained from the larger
khureef volume, and higher estimate of rubbee duty. But I think that
200 acres is too high for an average estimate of rubbee duty, and I am
gure that it will, in the long run, be found much more profitable and ad-
vantageous to content ourselves with the lower returns and the reduced
volume during the khureef.

1t is of course impossible to say at this stage of the proceedings how
muoch per cent. will be obtained as a return on original outlay should the
modified scheme be approved. But as its cost cannot be more than that
of the present project, which is given by the Chief Engineer as Rs,
81,88,320, we may safely assume that the modified scheme will prove re-
munerative, as the estimated returns from it (Rs. 9,72,000) will give 11
per cent. on the above-mentioned capital outlay.

Should it be decided to reduce the khureef supply at the head of the
canal, it by no means follows that a rateable reduction should be effected
in each of the main branches and distributaries. I should recommend
cutting down to the lowest possible limit the supply of water allotted to
low-lying swampy tracts, and to those where the spring level is within
10 or 12 feet of the surface, giving the surplus to the higher and more
arid districts. By this means His Honor the Lieutenant-Governor’s wish
to provide an ample supply for the portions of the Bijnour District which
are so liable to drought can easily be complied with, while we shall at the
same time avoid water-logging the district lying between miles 57 and 97
of the canal.

J. L. Parker, Esq., Supdg. Engineer, the 20th April, 1872.

Of the two objections to the project of the Eastern Ganges Canal raised
by Colonel Brownlow, the first refers to & point of such importance that
it ought to have been definitely settled before the design of a canal, rest-
ing as it must do upon that point, wus attempted. In other words, the
discharges of the canal should have been fixed before their distribution
was attempted.

Colonel Brownlow’s objections are—1st, that the khureef discharge—
viz., 4,500 cubic feet per second—is too great; and, 2nd, that the design
for distributing this discharge is faulty, inasmuch as it exhibite inter-
ference with the natural drainage of the country. The latter,is what I
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am concerned with, and ought to reply to, leaving the former to be settled
by other autlority. But before replying, I would point to the correspon-
dence on the subject #s showing that the mujority of opiuion is certainly
against Colonel Brownlow, and that I mysell think that if we have water
cnongh to water an entire tract of country, wo should water the whole
tract, and not a part ouly. By watering a portion (if irrigation be &
benefit) you benetit only a few, whereas by irrigating the whole you treat
all alike, and permit the whole community to prosper alike: and this I
think but fuir,

The second objection—viz., that of interfering with the drainage of the
country—is, I think, hardly tenable. I will accept Colonel Brownlow's
description of the project of the Eustern Ganges Canul as set forth on
prge 55; I will also take the sketch of country therein given, and agree
that it is not exnggerated ; but I cannot see that the ir1igating lines need
be laid out as shown in the sketch. I would prefer laying then out asin
the sketch I append (Plate VI, and would then remark that there is in
reality very little interference with drainage, and none that cannot be dis-
posed of. I do not see why a rajbuba embankent should not cross drain-
age lines quite as effectually as a railway—i. e., by wterfering quite as little
with drainage. In the sketch I append, the crosses show where cither
culverts or syphons would be required.  The black single lines represent
gouls or minor rajbubas.  The nuddees (distinguished by water lining) are
as far away from the perenunial channels as these themselves are from the
canals. I wention this to correct the distortion of the sketch, which re-
presents the irrigating lines a b, ¢ d, for instance, as very short, whereas
they would generally be long and run down watersheds.

As a general rule, the system of rajbubas proposed for the Eastern Gan-
ges Canal does not interfere with the drainage of the country. Two
channels—tlie east and west rublee—do cross lines of drainage, but can
cross these without interfering with the flow of water, and the minor raj-
-buhas springing from the perennial channels can generally Le so distributed
as to turn heads of drainage, as the line p ¢ r, for instance, or cross them
at favorablé points, as at s.

With regard to the rise of spring levels, it cannot be denied that a
rise does take place on the introduction of a canal into a district. But
it does not necessarily follow that morasses should be allowed to form.
A proper system of drainsge cuts would, I should think, always prevent
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these, as well as the water-logging of the soil; and with regard to the
Iatter only, drainage ents would certainly restrain it to a denth below soil
limited by the depth of the drains. Shonld this be allowed, T wonld ask,
wonld such water-logging by the rise of spring level be injurious in any
way either to the health of the people or to the fertility of the soil? T
myself cannot give any docided opinion on the sabject, but am inclined to
think that the approach of spring level to surface of soil, as in the Ganges
khadir, for instance, does not itself render climate insalabrious; and that
as water-logzed lands can by drainage be made fruitful, and in England,
and I believe in parts of this country, have been so made, so land not water-
logged, but with such a stratnm 3 feet below it, will not be injnred, since
it may be viewed in the light of drained lands, which, as above-mentioned,
can be made, and are, froitful.

When writing the paragraph (marginally quoted) of my memorandum
“T believe it will be found that very little drainag> works will berequired. onn the Eastern
Besides the favorable feitures bafore described of the Ramgunga Doab,
where it is itself traversed in all directions by o1r irrigating lines, feeders, Ga"ges Canal, I
and nofnor rajbuhas, and by the innumerable waterconrses which the agri- did not mean that
culturists themselves must make for irrigating their lands, the surface of .
the conntry will be 8o cut up into small areas that each area will tetain or CUtting up the
concume most, if not all, of the rain-fall upon it, and works will not be re- o d
quired for draining it. Mnuch of the countiy is sandy, and will absorb cmmtly into small
water to n large extent.” areas would do a-

way with the necessity of surface drainage, but that it would diminish it.
What I meant may be illustrated thus: Let there be an inclined plane,
and let it receive a certain amount of rain-fall; the whole of this will run
off rapidly and in large volumes into drainage lines, say on either side of the
plune. Let this be now divided into small squares, each capable of re-
taining a great deal of the rain-full.  This would now not run off so
rapidly as before, nor in such large volume, and smaller culverts would be
required than bLefore, more water would romain on the whole plane than
before, more would be evaporated from it, and more would be absorbed in
certain soils tending to render the conntry water-logged. This would
be prevented Ly drains dug to any required depth,—by subsoil drainage,
in fact,—and this I have always thought would be necessary, and must
accompany irrigation by canals; and it is my belief that in whatever way
you may arrange your distributaries, spring levels will rise, and drainage
will always be necessary.

The rajbubias and feeders as shown in the Canal Survey map will not ne-
cessarily run as there shown.  Further surveys will be made, Feeders will
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be taken down, whenever possible, on & ridge as shown by KL. in Plate
VI, and the perennial channels will probably very often run close to the
canal, as p ¢ 7, in sketch, and throw off a branch towards the side of the
nuddees ; and we shall have what Colonel Brownlow requires,—~viz., ir-
rigating channels on high lands and drainage cuts in low, with this further
advantage, viz., a constant head of supply in our rajbuhas, without any ne-
cessity of damming up the water.

With regard to the spring level being near the surface of country, and
irrigation consequently not being necessary or required, experience seems
to show that the spring level does not affect the question. In East Rohil-
cund, water is very near the surface of the soil in the Districts of Bareilly
and the Terai, and yet the people have irrigated from time immemorial :
more than that, although in numerous places the water is within 10 feet
of surface of country, Govermment has sanctioned canals to be made in
these places, and they are in fact being made. It naturally occurs to one
of course to ask, if you sanction canals to be nade under a certain condi-
tion of circumstances in one part of a province, why prohibit their con-
struction in another, where circumstances are exactly the same ?—and also
to conclude that if the habits of the people be supposed to indicate the
usefulness or necessity of certain practices, the nearness of water to surface
of soil does not do away with the necessity or usefulness of irrigation.

With reference to Colonel Brownlow's proposed section, I would not ad-
vise changing the side slopes of the canal from 1} to 1, or slope of bed to
1 foot. There seems to be no reason why 1 to 1 for side slope should not
be maintained; and, indeed, a very good one for its maintenance. It is
sufficient as a pide slope to answer its purpose, and in depths of digging
such as we have in the upper 20 miles of the canal, (viz., 50 to 55 feet,)
vastly cheaper than 1} to 1; and with regard to slope of bed, of course
the more this is, the greater will be the excavation and the consequent
expense.

I think I have nothing more to note down, except just to express my
belief that the conditions of the problem being granted, the Eastern Gan
ges Canal project meets them quite successfully; that wherever canal
irrigation is introduced, rise of spring levels must take place, whatever the
system of distributaries may be; that drainage must accompany irrigation,
and can always be made to cross irrigating lines effectually without injury
to country by proper arrangements ; that with regard to the discharges of
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the Eastern Ganges Canal, they should be maintained at 4,500 and 1,200
cubic feet; and that, if so maintained, it will be difficult to find a more
satisfactory or less complicated solution of the difficulty of maintaining a
constant head of supply than that proposed.

And in conclusion, I would beg to express my obligations to Colonel
Brownlow for his courtesy in allowing me to see his notes, and thus giving
me an opportunity to reply to them.

Col. H. A. Brownlow, R.E., 6th May, 1872.

As regards the question of khureef volume to be given to the canal,
Mr. Parker considers that the late Colonel J. C. Anderson tacitly ac-
cepted the proposed discharge, because he made no objection to it in a
note on the project dated 25th Aungust, 1870. But a reference to a note
(below quoted) by Colonel Anderson, dated 7th September, 1869, will show
that he did not then at any rate consider it at all advisable to provide canal
irrigation for a very high proportion of the cultivated area, or to provide
more than 3,000 cubic feet per second for the whole canal.

Extract from Note by Offg. Inspector-General of Irrigation, dated Tth September, 1869.

Para. 3.—Considering the generally moiet character of the country to be dealt with, and the
proximity of the springs to the surface, which would continue to offer the means of irrigation after
the opening of the canal, I am not inclined to recommend provision of canal {rrigation to a very high
proportion of the cultivated area.

Para, 5.—If these figures are any criterion of the resnlts which may be anticipated from the Eastern
Ganges Canal, I should think that provision of the means of irrigation to the extent of one-fourth
the khureef area would be sufficient. In this case the supply, as above mentioned, would be 3,000
cutic feet for the whole canal, and 1,100 for the Sambhal Branch ; but Colonel Strachey will be able
to give a more reliable opinion on this point.

Mr. Parker, while accepting my sketch of the probable drainage features
of Western Rohilcund, takes exception to the manner in which I laid
down the distributaries in that sketch, and further on he says that the raj-
buhas and feeders will not necessarily run as shown in the map submitted
with the project. I was very naturally guided by the statements of their
own views put forth by the designers of the canal, and a reference to their
correspondence will show that I represented as fuirly as I could the system
of distribution which it was proposed to adopt. If my remarks have led
to a more careful consideration and a moditication of this system, they will
at any rate have done some good.

Looking upon it as an axiom in hydraulic engineering that irrigation
channels shall, where it is possible, occupy the watershed lines of the
country, I cannot accept Mr. Parker’s statement that his rajbubas do not,
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as a rule, interfere with the drainage, as a sufficient argument in support
of the system proposed by him. The variations in the features of the
ground are very great, and until we are furnished with a fairly acenrate
topographical map of the country we cannot be sure thut the admission of
the principle that the watershed may be safely abandoned will not lead to
very serious interference with surface drainage.

Mzr, Parker, while admitting that a considerable rise in spring level will
follow the introduction of canal irrigation, proposes to restrain it to a
certain depth below the surface by a system of drainage cuts, and he in-
clines to the belief that snch an amonnt of water-logging would not
affect injuriously cither the productive powers of the svil or the health of
the people. There are, I fear, a good many practical contradictions of
his opinien on the latter points, and in order to keep the surface of spring
water down to a safe level under the proposed conditions of irrigation, we
should require a widely extended system of deep drainage cuts. It does
not seem to me in accordance either with sound engineering or principles
of ecoriomy deliberately to make a swamp with the avowed intention of
draning it sooner or later.

In regard to Mr. Parker’s allusion {o the Rohilecund Canals, it is pre-
cisely becanse I ohject mnst strongly to the sanitary condition of parts of
Bareilly and the whole of the Terai that I am protesting so strongly
against the lavish supply of water to parts of Western Robileund,  Mr.
Parker's argument refers to construction of canals, and I think he would
on consideration allow that I did not in any way object to the construc-
tion of the Eastern Ganges Canal, but to the grant of an excessive supply
of water for khureef irrigation,

The case put on page 39, and objected to by Mr. Parker, is purely
hypothetical, and merely intended to show what would be the proballe
increase of volume conveniently attainable in a channel discharging 1,250
cubic feet per second as & minimum supply.

Col. H. A. Brownlow, R.E., Extracts from Instructions for revising
Eastern Ganges Canal Project, 4th April, 1872,

The maximum rubbee supply should be taken at 1,250, and maximum
khureef supply at 2,500, or, if it can be managed, even 2,800 cubic feet
per second. )

The lining out and preparation of land plans should be proceeded with,
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and in lining out the greatest care must be taken to follow as closely as
possible the watershed lines of the country.

It is believed that the main watersheds have already been determined
with sufficient accuracy, and no time should be lost in pushing on the sur-
veys and in taking the levels that are required to enable the Engineers
to lay down correctly on the map the minor drainage fentures of the
country. '

The complete delineation of these will of course be a work of time, but
by commencing with the most marked, and gradually working in the
smaller ones, there is no reason to donbt that it will be possible to complete
the distributaries quite as soon as the main channel. It is not intended
that there shall be a complete and minute contour survey of the whole
country, but we must have a clear couception of the position and direction
of the minor watershed and water-course lines. A flying survey taken
after very heavy rain, would, if correctly done, convey much more really
useful information for onr purpose, than the most accurate series of levels
if taken only at 5-mile intervals, and merely given as levels, without any
attempt to show whether a sudden drep is caused by an isolated depres-
sion or by a comparatively important drainage course.

Under the above system, each distributary will occupy the water-shed
line of its own particular “doab,” leaving the drainage courses perlectly
open and free.

The volume to be allotted to each distributary will, as a general rule,
depend primarily on the nearness of the spring level to surface, and second-
arily on arca commanded. This rule is, of course, not to be considered
inflexible when the local knowledge of the Superintending and Executive
Engineers engaged in designing the works can show good grounds for de-
parting from it; but, speaking generally, the volume allotted per =quare
mile of any given area should be in the direct ratio not only of area, but
of depths of water below surface of soil.

As some general rule must be adopted at the outset in order to adm’t
of the Engineers ascertaining with fair accuracy what will be the volumes
to bz provided for in the several main channels, I would suggest that the
several areas commanded should be divided into three classes :—

Class A.—Spring level 12 feet or less below surface of soil.
Class B.—Spring level 12 feet to 20 feet below surface.
Class C.—Spring level more than 20 feet below surface.
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Then areas of A, B, and C, should be ascertained, and supposing
652 (A) + 1,500 (B) + 1,000 (C) = 8,152 square miles total area
commanded ; if # = unit of volume per square mile for Class A (652 X )
(4 1,600 x 2z) + (1,000 X 8z) = 2,800 cubic feet, and z = 0-42
cubic feet per second : the allotment of maximum khureef supply would

then be say —
040 cubic feet per second per square mile to Class A.
0-85 " ” ” ” ” B.
1-25 ”» ) » » ) C.

The foregoing calculation is only an illustration, and it is apparent
that the volume per square mile allotted to Class A, will vary according
to the varying proportions of the areas in the three classes. It might
thercfore be necessary to fix a limit below which the khureef volume
allotted per square mile should not fall. T do not think that 0-833 cubic
feet per square mile would be at all too low a limit for tracts where the
spring level is within 10 feet of surface, and it will of course be under-
stood that it is by no means necessary to dole out a modicum of water
proportioned to its area to each village of such tracts. The lowest-lying
lands, which will be furthest from the rajbuha, will be most beneficially
excluded from canal irrigation in the great majority of cases, and the
waste consequent on attempting to lead small streams of water long
distances will thus be avoided.
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No. LXVIIL

MASONRY VERSUS LARTHEN DAMS.
[Zide Plates V1L, VIIL and IX.]

By Major Hecror Turrocu, R.E., Erecutive Engineer, Bombay
Municipality,  Ertracted from the *“ Report on the IWater Supply
of Bombay.”

In every project hitherto submitted for storing water for Bombay, it

has been proposed to make the dams of earth.* 1 will now discuss the

question whether we should do well to adopt this waterial.

Most of our experience of earthen cmbankwments is obtained in Eng-
land, where it is alwmost the universal custom to use clay in preference
to masonry. DBut hardly any one conversant with this branch of Engi-
neering would say that the works of this kind at home, taken as a class,
are satisfactory. In consequence of the failure of some of them, the
most frightful catastrophes have occurred. Those who have given much
attention to this subject, will probably be disposed to agree with e, that
the whole science of dam construction, must before long, undergo a great
change. It is not generally known that many of the deep reservoirs
in England are never filled to the beight to which it was originally in-
tended by the projectors, that they should be filled. To prevent any
risk being incwrred, the greatest caution is exercised at this present
moment in the management of these reservoirs  The penalty of failure
is so awful, that the surface of the water is kept twenty and thirty feet
below the original proposed level.  When we remember that high earthen

* T donot include Mr. Walton’s projects. T helieve he came to the same conclusion as myself
regarding tho superiority of stone for dams in the Concan, from the consideration of the facts
brought forward in this Article which were known to him,

AOL, 11L.——SLCOND SERIES. L



70 MABONRY v€rsus EARTHEN DAMS.

dams are quite a recent innovation, it is only natural that this branch
of Engineering should not be in a very advanced state.

The ordinary mode of construction adopted for works of this class,
may be explained in very few words. With a breadth of from twenty
to thirty feet at the top, the dam slopes towards the water with an in-
clination of three feet in length, to one of height, and in the opposite
direction, with an inclination of two and a half feet to one. Along the
middle of the dam and carried down (as it should be, though as it often
is not) to a firm impermeable hed, is a wall of clay, technically called
puddle. This wall is usnally about ten or twelve feet wide at the top,
and thickens as it descends at the rate of about two or three inches for
every foot of vertical distance. On either side of the puddle is placed
what is termed ‘selected material,’ that is generally, the best that can
be got at the spot. The rest of the dam is formed of almost any kind
of suitable earth. 1In order to break the force of the waves, and to pre-
vent them from washing away the earth underneath, the slope towards
the water is usually covered with a layer of stones, or pitched, as it is
termed. The outer slope is turfed or pitched, according to the judgment
of the Engineer.

It is the puddle wall which should form the barrier to the escape of
the water, and it is this part of the cmbankment to which the Engineer
trusts more than to any other for the safety of his works. The greatest
care should be taken both in the selection of the clay, and in the manner
of putting it in the embankment. It should be thrown down in thin
concave layers, as should also the rest of the dam, and should be with
the rest well watered, and rammed, and beaten, and trodden down, so
that the whole mass may be rendered as homogencous as possible.

Until lately it was a common practice to lay the outlet or supply pipe
through or under the embankment, and, in some cases, even without
preparing a special foundation for it.* The great loss of life and des-
truction of property caused by the bursting of the Bradfield reservoir has,
however, effectually put a stop to this system, and arrangements are
now gencrally made by which the outlet works are altogether discon-
nected from the dams. We have in fact learnt by disaster, what common
sense should have taught us from the first. The dam, being naturally

# The outlet pipe from the Vehar Lake, unfortunately for the town of Bombay, has also been
placed under one of the dams.,
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the weakest part of the reservoir, should be that which we could least
afford to endanger by works liable in the course of nature to get out of
order. The practice now obtains of carrying the outlet pipe through
some one of the hills standing on the margin of the lake.

This being the English mode of dam construction, let me now revert
to the Continental one.

In France and Spain, the two countries in which we find so many
large reservoirs, the people put no faith in puddle and earth, except for
dams of moderate height. They trust to masonry, and certainly they
have no reason to complain of misplaced confidence. It is quite true
that some of their dams have failed, but the causes of failure are so well
known and so casily avoided, that far from the material being distrusted
by them in consequence, their faith in masonry has, on the contrary,
largely increased, and is characteristically exemplified by their later works.

I doubt whether at this present moment there are three dams in Eng-
land which could hold water to the depth of a hundred or even ninety feet
without danger: there are dams, to my knowledge, constructed above
this height, but they are not filled, as 1 have already pointed out.

This state of things contrasts most unfavorably with that in France
and Spain.  Some of the dams in the latter conntry have stood for hun-
dreds of years, are in use to-day, and, although constructed at a period
when science was but cmerging into light, and when, therefore, no great
knowledge of the theory of the subject could be expeeted, vet. from their
having been built of masonry, still answer all the purposes of the original
designers.

The Spanish dams are of huge proportions, and, having been built
according to no generally accepted rules, there is very little similarity
between even any two of them. It would, therefore, be impossible for me
to give any description of them which should apply to all. A better idea
will be formed of them from the accompanying drawing, than by anything
I could say, vide Plate VII. Some of them have the most grotesque
forms. One Gros Bois, vide Fig. 13, has a greater slope on the water
side than on the other. Another that of the Val de Infierno, vide Fug. 8,
has such a hideous form, that it naturally suggests the idea of its having
been designed in that region. Rude though as these works seems to us
by the light of modern science, it is a greater point that they still exist and
still fulfil their object. In other words, they bave been successful in
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spite of the errors made in constructing them. It is not likely ihat
these errors will be repeated.

The construction of masonry dams has passed through a new stage
within the last few years, and this in consequence of the snccess of a
French work, which is unigue in its character, as showing what science
and art can really effect when brought to bear on a subject.* We talk in
England of dams a hundred feet in terms of admiration, and we look at
such works almost with feelings of awe, but the French have constructed
& dam one hundred and sixty four feet high, impounding water up to
the top, and successfully resisting the enormous pressure, vide [ig. b
Plate VII. The boldness of the design, and the constructive skill with
which it has been carried out, are only to be matched by the consummate
mathematical knowledge with which thie whole principle of dam construc-
tion was previously investigated. The French Eng'ineers have reason to
be proud of their snccess.  They have demolished empiricism, and establish-
ed something like Iaw at last. The old ruleof thumb principle of making
every dam at the base about three-quarters, in the middle about one-
half, and at the top about a quarter of the height, has little foundation
in mathematical science. Such a dam is far too thick at the top, and
far too thin at the bottom, ride Plate VILI., and there is an excess of ma-
terial in the entire work which, in a high dam, so far from adding to its
strength, positively detracts from its equilibrium. Dut, before T attempt
to explain the views of the Frenchmen, I must give their opinion of
earthen dams. It is not flattering to us, and it will no doubt provoke
surprise among those whose acquaintance with dams does not extend be-
yond the examples existing in England. If we did not find the impression
contradicted by the modest tone of Messienrs Graeff and Delocre through-
out their papers, we might almost fancy the I'renchmen, from the matter-
of-fact way in which they putit, were qnietly langhing at us in their sleeves.
With a simplicity that has almost a touch of humour about it, they say :—

Tt is not necessary to consider the plan of constructing dams of carth,
which are things of chance, when they attain a height of 20 métres
(65°6 feet), and it is out of the question to use this construction for a

« Colonel Fife, N.E., has rendered a great serviee to the profession by the publication of his trans-
lation from the “ Annales des Ponts et Chanaséer,”” of Messieurs Graefl and Delocre's papers on the
ubject of masonry dams, It is not too much to say that those who are unacquainted with these

papers, have much to learn, both of the theory and practice of dam construction. All the informa-
tion in Plale V1L is taken from Colonel Fife's valnable ppmphlet.
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height of 50 métres (164 feet), which we have now under consideration
After passing the lesser height, we have only to deal with dams of
masonry.”*

And accordingly the Frenchmen utterly ignore the whole class of earth-
en dams above 65 feet high which are found in England. The case of
high earthen dams they dispose of in the summary judgment given above,
and it does not even occur to them that any one could have the temerity
to dispute the point. They at once pass on to the subject of masonry,
and I will now try and give a condensed view of their opinions and
conclusions.}

A masonry dam is liable to be destroyed in three ways. It may be orer-
turned by the thrust of the water. If may slide on its hase, or its joints.
Or it may crush in vertically from its own enormous weight.

1st. There is no case on record of any dam having been overturned
TIn fact, to calenlate the thickness of a dam which shall resist the pressure
of the water to throw it over, is a very simple problem. Practically a
dam which satisfies the other conditions of construction will be found to
satisfy this one also. When those conditions are satisfied, a simple cal-
culation will settle this point. We may, therefore, for the present, dis-
card the consideration of the liability of the dam to be overturned.}

2nd. There is no instance of any dam having been destroyed from its
having slidden horizontally. This, therefore, is not an important point.
After the third condition has been satisfied, the solution of a very simple

equation § will settle this question.

* I believe myself, that if all English Enginecrs could be asked, the majority would say that this
is just about the height at which dams begin to be dangerous.

t It is necessary I should say that the following exposition of the subject is, and intentionally so
not a scientific, but a popular one My object being to convey to the public such a view of the
question as ehall be understood by them, I have purposely, discarded, as far as possible, the use of
technical langunge, and have altogether avoided the mathematics of the problem. Those who care
for the latter, I must refer to Colonel Fife's pamphlet, in which, I venture to say, they will not com-
plain of the absence of formnla, nor of these being of too simple and clementary a nature,

$ The Frenchmen hardly consider this subject directly, but I gather it from some of their in-
cidental remarks, and from their method of mathematical analysis.

§ “ Calling II the height of any course below the summit, the force which tends to produce
sliling on this course is equal to the horizontal component of the thrust of the water against the
part of the interior face situated above that course, and it is given by the cquation

¢ H*
F==5

The resistances which are opposed to the action of this force are the friction of the two courses
which tend to slide upon each other, and the force of cohesion of the masonry.

The friction is proportional to the weight ot the npper part of the structure, and the force of co-
hesion to the thickness of the wall.

Culling 1 the co-efficient of friction of the masonry, ¥ the force of cohesion per superficial unit, s
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8rd. Every dam that has been destreyed hitherto has ernshed in from
its own weight. Nobody can fail to see at a glance, the impertance of
this fact. To add more material than is necessary is not to strengthen,
but to weaken your work. The old Spanish idea of making dams of
huge proportions on no mathematical principles at all, has resulted, as al-
ready mentioned, in some lamentable failures. To look at the dam of
Puentes, ride Plate VIL., Fiy. 7, one would at first be inclined to think
that such a eyclopean structure would almost have answered to stem the
tide between the Pillars of Hercules. DBut what is the fact? The giant
succumbed not from the thrust of his adversary, but from his own weight.
In fact he was too heavy for his work. The ground literally could not
sustain him, and in 1802 he was hors de combat. Some of the Spanish
works have cost fifty and even a hundred per cent. more than they need
have, and are now subjected to causes of destruction, which would not
have existed, if they had been constrcted with half the quantity of ma-
terial better disposed, and which far exceed in intensity all the forces of
the water against which only the Spaniards strove to contend. In fact, in
trying to avoid the dangers of Charybdis, the Spaniards have fallen on
Scylla.

This then being the case, viz., that the most important point in the
construction of high masonry dams is the consideration of the causes
which tend to make them crush in—the French Engineers have devoted

great pains to the thorough investigation of the subject. The principle
with which they start is this :—
Sappose a dam is to be built of <tone and mortar. Manifestly no stone

the surface of the part of the profile sitoated above the course unicr consideration, and & the thick-
poms of the wall at that point, the resstance to eliling will be

Re=Cs49y0

and it is necossary thut we have e,
s¥f oyl 5

(O f+vb
or, 2 TiE 1.

Thir inoquahty should be verified for all the horizontal sections of the profile, by giving to 7 and ¥

the values proper to the materials that may be employ ed.
It is equally necessary to verify it for the base of the foundntions; fand ¥ would represent then
the co-efficient which are applicehle to the ground upon which the structure rests,
88/ +yh )

e
be greater than unity, but that it should not descend below the value found for that ratio in the
walls of exisiung reservoirs which have not suffered injury ou trinl.” Vide page 56 of Coloncl
Fife's Pamphlet on ¢ Dams of Masonry.”

It will be convenient in practice, for more security, that not only should the ratio 2
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conld be nked unless it were of the best, or at all events of a kind fig
for building purposes.  Such a stone must necessarily be stronger than
mortar.  Mortar, therefore, being the weaker material of the two, it is
essential at the outset to ascertain the resistance to compression of the
particular mortar proposed to be used. Thus, on the strength or the
weakness of the mortar, which is the strength and the weakness of the
dam, must the calculations for the form of the latter be based. Ot course
o large margin must be allowed as a factor for safety. In the case of
the Furens Dam, the Frenchmen assumed that the safe amount of com-
pression to which their mortar might be suljected was 80 ILs. on the
square inch. It was nccessary, therefore, that the pressure on no hori-

zontal layer of the dam should exceed this. 1t might be less, as of
course it must be in every dam for some distance from the top, but it was
not to be more. Assuming then a practical width for the top of the dam,
and proceeding downwards, immediately we come to that layer where
the pressure approaches 80 Bs. on the square inch, we must commence
increasing the width of the layer, so that, as we go luwer, still no por-
tion of the masonry shall be called upon to resist more than the allotted
amount of compression.

But another point must be borne in mind. It is manifest that every
dam must be exposed to two different sets of conditions. One set
when the reservoir is ewmpty, and when, in consequence of there being
nothing to relieve the weight of the masonry, the pressures on the
inner face become most intense, and the other set when the reservoir
is full, and when, therefore, in consequence of the thrust of the wa-
ter, the pressures on the outer face become most intense. The outer
and inner faces, therefore, being those parts of the dam which under
different conditions, are subjected to the greatest pressures, care must be
taken that the pressure of 80 tbs. on the square inch is not exceeded on
the inner face when the reservoir is empty, nor on the outer face when it
is full,

There is yet another point to be considered. In very narrow valleys
where, by giving a curved form to the dam, part of the pressure of the
water may be conveyed to the hills on the sides, the dam need not be of
so strong a section as in a wide valley, where it cannot act as an arch,
and where, therefore, the whole thrust of the water must be borne by the
masonry itself. The French Engineer, Monsieur Delocre, has calculated
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the theoretical forms of two dams to suit these different positions. These
are given in Figs. 1, 2, 8 and 4, Plate VII.

The Furens dam is of the former type, but, in order to make the work
a pleasing object to the eye,* the faces of the dam have been gracefully
curved as shown in Fig. 5.1

Having now obtained the form of the dam according to the third of
the conditions we started with—viz., that the material shall not crush in
by its own weight—a simple caleulation will at once prove that the first
and second conditions are also satisfied—viz., that the dam will neither be
overturned, nor slide on its joints. Moreover, certain practical points
almost naturally suggest themselves, but even these were, I believe, never
adopted till the Furens Dam was built.}

In order that the pressure may be equally distributed throughout the

* The French lay great stress on the asthetic nspect of the dam, and some of the objections
brought against their work under this head, though they would be ridiculed by the so-called
“‘practical” Englishmen, were most gravely considered by them.

t Fig. 6 is & section of the dam which, in consequence of the success of the Furens work, was
proposed to be constructed across the Ban, in alocality where the lite was exceptionally good. The
boldness of thc design does great credit to the French,

1 I have paid a visit to the Jurens Lake, and haveexamined it closely. Standing on the top, the
dam does not look nearly so grand a work as it really is, but when scen from below, the proportions
of the work at once impreas the beholder with their magnitude.  Although the inner face slopes o
little towards the water, it is difficult to believe that it is not perpendicular, in so perfectly a straight
line does the wall seem to descend. The gorge across which tle daw has been built is a narrow one,
not more than about %50 feet wide, and the stone used in construction was quarried from the hills on
the side. 1f samples of this stone, which will be recognized as gneiss, as also of the mortar found
lying about the dam, are compared with Bombay building materials, it will be secu that the build-
ing stones of Bombay, which abound in every hill and valley, do not suffer by comparison, nor is
there any renson to suppose that the mortur is superior to that made from the lime procurabie in
Saleette. For building purposes, Ishould prefer the hard traps of Bombay to the Furens stoue, und
although my cxperience of the Salsette lime is small, yet, from what I have heard of its strength, if
allowed to harden away from the influence of water, I have no doubt that the Bombay mortar used
in a dam would be as successful as we could wish.

The rock about the Furens dam is fissured wherever the quarried fuce of it can be seen, but
like the hard strata about Bombay, I doubt whether the fissures extend decp into the rock. The
faces exposed to the air have an appearance very similar to the exposed surfuces of the Bombuy
stone.

At the time of my visit the water was rather low in the lake, there being only about 90 feet
depth in it ; I had thus a good opportunity of exawining the inner face of the dam. The musonry
looked as sound &~ it well could, but as a work of art its appearance was not enhanced by the numer-
ous iron rings which have, for the purpoges of facilitating future repairs, being fixed in it.

‘The surface extent of the impounded water is ridiculously small, when compared with the great
height of thedam. In fact, the water looks more like & long winding cunal than a lake. Of course
this is caused by the full of the stream being so great, that even the dam of 164 feet high does not
send the water back very far. The Vehar lake, as a waterspread, has o far more imporing effect.
The tortuous course of the stream, which runs in and out constantly among the hills, quite des-
troys the grandeur of the Furcns lake, however it may add to the beauty of the scenery. At the
time of my visit there was not much water flowing into the lake, the strenm being about iour or
five feet wide, and only an inch or two decp.

Almost the entire outer surfuce of the dam Lelow the then wa'er-line was sweating—i. e., covered
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work, the dam should be one homogeneons mass built in every part of
the same kind of material. No intorior or exterior facing of ashlar
which mey have a tendency to separate from the rest of the work, and
no partial use of cement or concrete, must be permitted. In order,
moreover, to increase the resistance to sliding, horizontal courses mnst
be rigorously avoided. The dam must simply be a mass of uncoursed
rubble, without any hollows, every portion resembling the rest of the
work as closely as possible.

Previous to my acquaintance with the mode of dam construction
adopted by the French Engineers, I had for many years been of opinion
that the ordinary form given to masonry dams was wrong in principle,
and occasioned great waste of material. I considered that, with the
view to save material, and in order to make the least quantity of it
effectually resist the pressure of the water, the centre of gravity of the
dam should be thrown inwards as much as possible, and that this could
only be done by making the dam lecan as it were against the water. Of
course I was aware that this principle, even if correct, could only be
adopted for dans of moderate height,* becanse when the height ‘became
considerable, the vertical pressure of the masonry itself along the inner
face would become so great, that the material must yield and crush in.
The perusal of the French papers did not satisfy me that my position was

with & thin film of water exuding through the pores of the stone. I did not observe anything worse
than this, nothing that could be termed a leak.

The water is taken to the town of St. Etienne by a channel several miles long. I walked along
the entire course of this channcl, which has throughout been built in open cuttings made on the
slopes of the hills, Even where the slopes are very precipitous, as they are in some parts, the chan-
nel has been built in this way. The stone excavated in making the cuttings, which are from 10 to
20 feet decp, furnished the material for construction, After the conduit was completed, the cut-
tings were closed again with the débris. As a matter of course, the channel follows the configura-
tions of the hills, but the hills below the dam do not wind much, so that open cutting in the case
of the St. Etienne works was probably found preferable to tunneiling as in the case of Glasgow.
The conduit runs at a considerable height, from 150 to 300 feet or more, above the hottom of the
valley, and, where streams occur, the water is made to pass over the conduit. There is not a single
aqueduct along the line. The slope of the channel is tolerably uniform throughout, except at a few
points, where, in order to bring the water to a lower level, it has been dropped as much as 20 feet in
150. I could find no ventilating shafts. At very irregular intervals, of from 50 to 250 yards apart,
there are manholes leading into the conduit, but these are all stopped np with simple slabs of stone,
shutting close down on the openings. This is an interesting point for those who may think it neces-
sary to ventilate channels intended for the supply of pure water. If the water to St. Etienne had
been rendered impure from the want of ventilation, we may, I think assume, that the French would
have constructed them before this.

There {& much more that I could add about the Furens works, but I have given merely those facts
whioch kave a special bearing on the Bombay Water Supply.

® Nor am I yet convinoed that the system would not be the beat for low dama.
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untenable. Considering that the question involved to the Bombay public
the saving of lakhs of rupees, I applied for, and obtained the sanction
of Mr. Crawford, the Municipal Commissioner at the time, to refer it to
Mr. Rankine. I thought that both the public and my brother Engi-
neers, would receive with as implicit confidence as myself, any views on
the subject which Mr. Rankine, who stands at the head of the profession
in its theoretical branch, chose to communicate. In Appendices A, B, and
C, will be found the correspondence between myself and Mr. Rankine,
and Plates VIIL, and IX., are illustrative of the subject.*

Mr. Rankine doubts whether any earthen dam is to be relied upon when
the depth of water exceeds 100 or 120 feet. He insists upon rubble ma-
sonry without continuous courses as the best material, and upon there
being no hollows left in the wall. He likewise agrees with the French-
men that the intensities of the pressures shall not exceed certain limits
on the outer and inner faces of the wall. He, moreover, urges that,
wherever it can be done, the dam should be constructed in a curved form,
80 as to relieve the masonry of as much thrust as possible by carrying it
to the hills on the sides. At the same time he considers, in the present
state of science, that the calculations of stability, treating the dam as a
horizontal arch, are so uncertain as to be of doubtful utility, and, although
he would give the dam a curved form, yet he would not rely on it as an
arch,

The miain points on which Mr. Rankine differs from the Frenchmen are
these : that the limit of pressure on the outer, need not be so great as that
on the inner, face, and that my proposal to throw the weight of the wall
more inwards tends to realize this principle, but he objects to its being
earried so far as to make the wall overhang—that the intensity of pres-
sure on the outer face should not be the same throughout, but gradually
diminish at the lower part where the slope increases ; and, in order that
there should be no appreciable tension at any point of the masonry, whe-
ther at the outer face when the reservoir is empty, or at the inner face

® T wished te dispense with my own letter altogether, but only in fairness to Mr. Rankine, in
order to show what the question put to him was, and how it was stated, have I felt bound to give
my letter. The reader must therefore excuse its appearance in the report.
1 beg to draw the attention of the profession to the value of Mr. Rankine’s papers, They throw
a flood of light on the subject, and, confirming as they do in a remarkable manner most of the de-
dAuctions of the French Engineer, Monsieur Delocre, to whom the credit of the Furens Dam belongs,
they ought to satisfy the Bombay public that we shall not go very far wrong by building our dams
on the principles theoretically established by the highest authorities in France and England, and
actrally carried out in practios with the greatest syyccess in the former country.
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when the reservoir is full, ¢ the line of resistance should not deviate from
the middle of the thickness of the wall to an extent materially exceeding
one-sixth of the thickness—t, e., that the lines of resistance, when the
reservoir is empty and full, respectively, should both lie within, or but a
small distance beyond, the middle third of the thickness of the wall.”

Beeing then that Mr. Rankine confirms the correctness of the new prin-
ciples on which the Furens Dam has been built, and bearing in mind the
great success of this work, let me point out what the practical result of
these new theories is.

According to the old rule, the average thickness of the wall is about half
the weight, Now it is a little more than one-third the height. The sav-
ing in material amounts to more than twenty-five per cent.! This saving
on any project which may now be carried out for Bombay, will represent a
large sum of money.

Although I have purposely not referred to the point, still the reader
will understand at once that dams of solid masonry, with their enormous
weight, are only suited to sites where foundations of solid unyiclding rock
ave found. The French Engineers insist on this as & sine qud non, point-
ing out that merely an ordinarily good foundation, or one on which we
might safely trust many other structures, will not suftice for masonry dams.

If solid rock is not found, the idea of a heavy masonry dam must be aban-
doned at once. Mr. Rankine expresses the same views in other words,

This brings me to the point where the subject interests the Bombay
public so closely.

In the elucidation and investigation of projects we Engineers must
necessarily be to a great extent theorists, but in the application of our
science, we must be practical men. Masonry dams may be very good
things in their way, but are they better suited than earthen dams to the
country, where our reservoirs would be situated, because this is the whole
gist of the matter?

It is the consideration of this very point which induces me to adopt
the former. The Concan is a country far better snited to masonry than
to earthen embankments. Good clay for puddle, the essential part of
every earthen dam, is not to be found. The only clay available is that
obtained in paddy fields, which after all is impregnated with a great deal
of vegetable matter liable to decay. Those remarkable beds of stiff clay

- found in so many parts of England do not exist here. The fact of the
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of procuring clay sufficiently good for bricks, even is itself 8
significant fact, indicating the general absence of this materal,

On the other hand, stone, the very best stone which the'most exacting
Engineer could wish for, lies in untold abundance almost everywhere
under his very feet, and in nearly every hill. Still further, there are but
few sites for dams in the country about Bombay where a foundation of
polid rock does not exist, either at the very surface, or at a moderate depth
below it, and where stone may not be procured on-the site itself. In fact,
the question as to whether there is a stone foundation and abundance of
rock has generally been dismissed by me in a few momeuts by the plain-
est evidence which any Engineer could require, but the question as te
whether there would be sufficient puddle or even earth has demanded grave
consideration, Let me explain, by way of illustration, the sites for the
dams in those valleys which demands investigation.

The Kennery Dam would stand over a river, the bottom of which is
solid trap rock, and would rest against two hills, which also are rock, and
there is enough stone at the site to build a hundred Great Pyramids.
Good earth could not be procured except at the distance of a mile, and, as
for clay, we should have to search the country all around, or else denude
the paddy fields, within a radius of two miles from the work, of the mate-
rial which renders land of this class so valuable, and would to us be so
expensive,

The Toolsee Dam higher up in this valley is equally well situated for
a work of stone, and very badly situated for one of clay and earth.

The Ewoor Dam would stand on a site still more favorable for rock
than even the Kennery Dam, and I need not, therefore, dwell at all on it.

The Kamun Dam is the only one of those proposed by me which
might be built of earth ; but even here I should prefer stone as the best
material. The dam would be considerably higher than the limit of safety
for earthen embankments, according to the French Engineers, and would
reach the limit fixed by Mr. Rankine, and rock is not found except at
about twenty feet from the surface of the ground. There is abundance
of stone in the adjacent hills, and there is also plenty of earth and clay
in the valley for our purposes, but it is doubtful whether the clay is suffi-
ciently retentive to keep out the water. Shafts were sunk through the
earth and clay twenty feet deep, but was found impossible to keep them
dry by mere ordinary baling.
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The bed of the river at the site of the Shewla Dam is roek, but the
hills on the sides have not a solid appearance on the surface. They are,
moreover, 80 low, that they give one the impression of having been worn
away in oonsequence of the softness of the material of which they are
composed. There is abundance of paddy-field clay, but none of any other
kind has been observed by me. The height of the dam, 96 feet, ag pro-
posed by Mr, Aitken, would, however, render it advisable not to run the
risk of an earthen construction.

The Tansa river runs on a bed of solid rock, which is exposed to view
almost everywhere along its course, but is very plainly visible at the site
of the dam, where the surface is as smooth as a floor. The very character
of the gap through which the river passes, tells us that the strata must be
rock. On one side the bank rises so abruptly, that it is difficult to climb
it, and on the other side also there is every indication of solid rock. If
the strata had been soft, the river, instead of running through a narrow
channel, would probably have washed away a great part of the valley.
The rock, in fact, has held the river in its hand, and defies it even now
to wander at all from its present course. It is almost absurd of me to
say that there is abundance of the best stone for building purposes: ex-
cepting a superficial deposit of moorum and boulders, there is literally
nothing else. The whole country is stone. Material of the first quality
might be quarried almost in any spot taken at hap-hazard near the dam,
On the other hand, the only clay there is, would have to be brought from
paddy fields, two miles away from the spot.

Let me add to all this the advantage of masonry over earthen dams,
pointed out by Mr. Ormiston, and in which I cordially agree with him : —

“ If masonry dams are properly constructed, they are more satisfactory
than earthen dams: a leak in the one is only so much loss of water, in
the other it may be destruction.”*

This point is well put, and is worthy of the greatest consideration by
the people of Bombay.

Let me now sum up the case of masonry against earthen dams.

We are warned by those who have a great claim to be heard on the
subject, that dams of earth over 65 feet in height are  things of chance.”

® Vide his ‘‘ Memorandum ” on the Toolsee Scheme. On this important point, I am glad in-

deed to be able to quote Mr. Ormiston, an Engineer of such great experience, and in whose judg-
ment, the Bench, and rightly se, place much confidence.
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Our greatest English authority limits us to 100 or to 120 feet only.
There is no good clay in the country. There is abundance of the best
rock. All our sites are better suited to masonry than to earth. None
of our dams would be lower than the limit of safety laid down by the
French. Two, Kamun and Tansa, would reach the limit suggested by
Mr. Rankine. Two, Kennery and Ewoor, would exceed even this limit.
Lastly, earthen dams with leaks arc liable to destruction, sometimes to a
very sudden one, causing immense loss of life and property, whereas
masonry dams with leaks are always safe against sudden destruction, and
never liable to be washed away bodily at all.

Thus then it will be seen, I trust, that the case of earthen dams when
inquired into breaks down lamentably.

On all the above considerations, and bearing in mind that the well-
being of a population approaching three-quarters of a million in number
is concerned, the public, with the examples of the Vehar Dams before
them, will no doubt agree with me that the town should set its face
against works involving danger or even insecurity, and should insist on
that class of work being carried out, which will relieve them of their
present anxiety, and be as little a source of anxiety to them as possible
even in the future,

AprPENDIX A.
From—The Ezecutive Engineer, Municipality.
T'o—Professor W. J. M. Rankine, University, Glasgow.

Sir,—For some years I have had a conviction that the mode of
constructing high embankments for the purpose of impounding water
usually adopted by the profession is faulty. I consider the fact of the
puddle wall in the middle of the dam being virtually all the resistance
that the dam can bring to bear against the water, renders all our dams
far too weak. My mind has been led on to the subject of masonry dams,
and the best mode of constructing them. A few months ago I accidently
came across the work which you will receive along with this letter.* I
do not know whether you have ever read the papers contained in it, but
I have no doubt that they will prove very interesting to you. You will
there see that while England possesses hardly a single dam which is

® Colonel Fife’s pamphlet on “ Dams of Masonry,”



MASBONRY versus EARTHEN DAMS. 88

considered perfectly safe with a pressure of 100 feet, the French have
constructed one, and with the greatest success, 165 feet high. Not a
drop of water, escapes from this masonry work. The principles on which
the Furens dam is constructed are fully explained in the bogk. I was
very much struck with the work, but I am still not disposed to abandon
an idea which I have all along had regarding the construction of dams.

In the building of the Furens dam, three points were considered. The
dam might slide, the dam might be overturned, and it might yield by the
compression of its own weight. No case of a dam having ever slidden is
on record. The tendency to failure in this respect, especially if the wall
is of uncoursed rubble, is so small that it was discarded in the cal-
culations. Again, no dam has ever been overturned. Every dam, in fact,
has been strong enough to resist the mere pressure of the water. To
make a wall, therefore, to stand against a certain head of water, disregard-
ing other considerations, is a simple enough problem. Lastly, every dam
has given way by its own compressing force, and the French Engineers,
as I understand them, say that, having provided a certain thickness of wall
to resist the mere pressure of the water, the best and cheapest distribution
of the material would be that in which the weight was evenly and equally
distributed throughout. Beyond all doubt, in my humble opinion, they
have constructed a work which, considered either in its scientific or esthetic
aspect, has put into the shade all works of a similar nature ever before
constructed. But, in spite of this, I think a still more effective disposal
of the material with a less quantity may be made, and one which to the
eye will present as pleasing and as imposing an aspect.

My idea is this, that up to that height of the dam below which the water
is not intended to sink, the embankment should lean as it were against
the water. Of course I see the objection which French Engineers would
make, that in this case we add very much to the weight to be borne by
the inner portion of the wall, causing it to slip downwards; but still we
gurely cannot reach anything like the point of compression by adopting
this method for dams of the ordinary heights. They would not be likely
to slip. There can be no doubt that we should be able to make a great
sgaving in material, for the power of a dam (constructed as I propose) to
resist the pressure of the water to overturn it would be considerably
increased. As the problem to be rigorously calculated requires the higher
methods of mathematical analysis, I have applied and obtained the per-
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thission of the Municipal Commissioner of this town to submit it to you,
‘What I should like is a rigorous mathematical solution, and after this the
practical effect of the proposition. I may be quite wrong, but Mr. Craw-
ford is of opinion, that the highest authority should be consulted on so
important a subject, which involves the saving of thousands of pounds.

I send you a plan showing the Furens dam, and approximately the
section which I would propose to give, vide Plate VIII.

We should feel obliged if you would have a section of the best form of
dam drawn out, according to your calculations, hoth for short and long
dams. The French Engineers propose, as 1 understand them, the same
Jorm for dams of all heights, so that, taking the Furens dam at 165 feet
high, the best form for a dam 100 feet high would be simply to take the
Furens section for the upper hundred feet. Perhaps one uniform section
may not be possible according to your calculations, in which case a sketch
showing dimensions of all dams, from say 50 to 165 feet (by tens of feet),
would be very convenient.

I should inform you that the materials for which the dams should be
calculated are rubble masonry, made with a fairly hydraulic (natural) lime
and hard trap rock, the resistance of which rock to crushing, and the weight
of which might be taken the same as for granite.

We should also desire your opinion as to whether coursed or rubble
masonry would be the best on all accounts. Of course you will see my
object is to reduce the mass of masonry as much as I can, and I endea-
vour to do 8o by throwing the centre of gravity of the dam as far forward
(towards the water side I mean) as possible, and thus immensely strength-
ening the dam's resistance to the power of the water to overturn it.
My object, moreover, in giving the upper portion of the dam a reverse
slope is to throw its weight back as much as possible, and thus to relieve
the front of the wall from as much compressing force as Ican. This portion
of the dam is not always subjected to the pressure of water, but may or may
not be according as the reservoir is full up to its intended height or empty.,

The section which I have drawn, ag an illustration of my idea, I need
hardly say, has not been calculated out. It is of no particular dimensions,
and merely a rough illustration of what is intended.

Any remarks which you might like to make on the French Engineer's

papers would be very acceptable.
H. T
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ArreNDIX B,

Report on the Design and Construction of Masonry Dams.*
By Professor W. J. M. Rankine, C.E., &e.

1. I have carefully considered the letter of Captain Tulloch, R.E.,
Exec. Engineer of the Municipality of Bombay, dated the 10th December,
1870, on the subject of Masonry Dams or Reservoir Walls of great
height, and also the papers on the same subject by M. Graeff and by M.
Delocre, which appeared in the * Annales des Ponts et Chaussées.”
These last I have studied, both in the original, and in the very faithful
translation by Col. J. G. Fife. I have also made mathematical investi-
gations as to the proper figure and dimensions of such dams, which are
given in Appendix C.

2. As regards the material best suited for a Reservoir Wall or em-
bankment, I consider that it must be determined by the nature of the
foundation. That foundation should be sound rock, if practicable, and
should a rock foundation be unattainable, firm impervious earth. It may
be doubted whether any earthen foundation is thoroughly to be relied on
where the depth of water exceeds 100 or 120 feet. It is not advisable to
build a masonry dam on an earthen foundation; for the base of the dam
must be spread to a width sufficient to distribute the pygssure, so that it
shall not be more intense than the earthen foundation can bear; and this
involves the use of a quantity of material which would lead to immoderate
expense if the material used were masoury.

8. In the case of a rock foundation, the proper material is unquestion-
ably rubble masonry, laid in hydraulic mortar; and the opinion 8f M.
Graeff, that continuous courses in building that masonry are to be avoid-
ed, is fully corroborated by experience; for the bed-joints of such courses
tend to become chanrels for the leakage of the water.

4. The very fact, however, of the irregular structure of that masonry,
renders necessary unusual care and vigilance in superintending its erec-
tion, in order to insure that every stone shall be thoroughly and firmly
bedded, and that there shall be no empty hollows in the interior of the
wall, nor spaces filled with mortar alone where stones ought to be placed.
The practice of ¢ grouting,” or filling hollows by pouring in liquid mortar
should be strictly prohibited.

* Plate 1X. is a copy of Mr. Rankine’s Proposed Dam. Plate VIII. gives some useful information
regarding dams.

VOL. 11.—~BECOND SERIES, N
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B. With respect to the profile of the wall, its figure is in the main to
be determined by principles nearly the same with those laid down by the
French Engineers already referred to, and put in practice in the dams of
the rivers Furens and Ban, that is to say, the intensity of the vertical
pressure at the inner face of the wall, should at no point exceed a certain
limit, when the reservoir is empty; and the intensity of the vertical
pressure at the outer face of the wall should at no point exceed a certain
limit when the reservoir is full.

6. In the theoretical investigations of M, Delocre and the practical
examples given by M. Graeff, the same limit is assigned to the intensity
of the vertical pressure at both faces of the wall. But it appears to me
that there are the following reasons for adopting a lower limit at the
outer, than at the inner face. The direction in which the pressure is
exerted amongst the particles close to either face of the masonry, is
necessarily that of a tangent to that face ; and, unless the face is vertical,
the vertical pressure, found by means of the ordinary formulw is not the
whole pressure, but only its vertical component; and the whole pressure
exceeds the vertical pressure in a ratio which becomes the greater, the
greater the *batter,” or deviation ef the face from the vertical. The
outer face of the wall has a much greater batter than the inner face;
therefore, in ord¥r that the masonry of the outer face may not be more
severely strained when the reservoir is full, than that of the inmer face
when the reservoir is empty, a lower limit must be taken for the intensity
of the vertical pressure at the outer face, than at the inner face.

7. The proposal of the Executive Engineer, to throw the weight of
the wall further inwards than in the French designs, tends to realize the
principle just stated; and so far I fully approve of it, and have carried
it out in the profile which accompanies this report.

8. I do not, however, concur with the Executive Engineer in the
proposal to throw the weight of the wall so far inwards as to make it
overhang, for the following reason : the additional stability against the
horizontal thrust of the water, gained by giving the wall an overhanging
batter inwards, is not that due to the whole weight of the overhanging
masonry, but only to the excess of that weight above the weight of water
which it displaces ; in other words, about half the effect of the weight of
the overhanging mass of masonry in giving stability is lost through its
buoyancy ; and hence the additional stability gained by making "the wall






MASONRY 9ersus EARTHEN DAMS. 87

overhang imwards, is not proportionate to the additional load thrown
upon the lower parts of the inner face ; and more stability would be gain-
ed by placing a given mass of masonry, so as to form an uniform addition
$o the thickness of the wall, than by making it overhang inwards,

9. In choosing limits for the intensity of the vertical pressure at the
inner and outer faces of the wall represented by the accompanying profile,
I have not attempted to deduce the ratio which those quantities ought
to bear to each other from theory of the distribution of stress in a solid
body ; for the data on which any such theoretical determination would
have to be based are too uncertain, The limits which I have chosen, are
as follows, and they are given in the first place, in feet of a vertical
column of masonry, whose weight would be equivalent to the pressure;
and are then reduced to various other measures :—

Limits of Vertical Pressure at Inner face. Outer face.
Feet of Masonry, . . . 160 . 125
»  Water, ., . . . 320 250
Lbs. on the square foot (nearly), .. 20,000 15,625
Mzetres of Masonry (ncarly), .. . 49 88
'y Water (pearly), .. .. 98 76
Kilog. on the square centimétre (nearly), 98 76

In choosing these two limits, I have been guided by the consideration
of the following facts. As regards the inner face, where the deviation of
the direction of the stress from the vertical is unimportant, it is certain,
from practical experience, that rubble masonry, laid in strong hydraulic
mortar and good rock foundations, will safely bear a vertical pressure
equivalent to the weight of a column of masonry 160 feet high, if not higher.
As regards the outer face, the practical data given by M. Graeff show that
masonry of the same quality, in the sloping outer face of a dam, will safely
bear & pressurt whose vertical component, as found by the ordinary rules,
is equivalent to the weight of a colamn 125 feet high.

10. The same reasons which show that the intensity of the vertical
components of the pressure ought to be less for a battering than for a ver-
tical face, show also that this intensity ought gradually to diminish at the
lower part of the outer face, where the batter gradually increases. In the
present state of our knowledge, we should not be warranted in framing
any definite theory as to the law which this diminution ought to follow; and,
therefore, in preparing the accompanying design, I bave thought it best
to be guided in this, as in the previvus case, by practical examples, and to
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ceonsider it sufficient to make the law of diminution such, that at the depth
of 150 feet below the surface, the intensity of the vertical component of
the pressure at the outer face becomes nearly equal to what it is at the
same depth in the outer face of the dam across the Furens—viz., 107
feet of masonry, or about 6% kilogrammes on the square centimétre.

11. Ihavekept in view another principle, not referred to by the French
authors—yviz., that there ought to be no practically appreciable tension at
any point of the masonry, whether at the outer face when the reservoir is
empty, or at the inner face when the reservoir is full. Experience has
shown that in structures of brickwork and masonry that are exposed to the
overturning action of forces, which fluctuate in amount and direction (as
when a factory chimney is exposed to the pressure of the wind), the ten-
dency to give way first shows itself at that point at which the tension is
greatest. In order that this principle may be fulfilled, the line of resist-
ance should not deviate from the middle of the thickness of the wall, to an
extent materially exceeding one-sixth of the thickness. In other words,
the lines of resistance when the reservoir is empty and full, respectively,
sbould both lie within, or but a small distance beyond, the middle third of
the thickness of the wall.

12. As regards the effect of giving the wall a curvature in plan, convex
towards the reservoir, I look upon this as a desirable, and in many cases
an essential precaution, in order to prevent the wall from being bent by the
pressure of the water into a curved shape, concave towards the water, and
thus having its outer face brought into a state of tension horizontally,
which would probably cause the formation of vertical fissures, and perhaps
lead to the destruction of the dam. I consider, however, that calculations
of stability which treat the dam as a horizontal arch are so uncertain as
to be of very doubtful utility ; and I would not rely upon them in design-
ing the profile. In fixing the radius of horizontal curvature, I consider
that the Engineer should be guided by the form of the gorge, in which the
dam is to be built, making that radius as short as may be consistent with
convenience in execution, and with making the ends of the dam abut nor-
mally against the sound rock at the sides of the gorge.

18. The conditions which have been observed in designing the accom-
penying profile, may be summed up as follows :—

A. The vertical pressure at the inner face not to exceed 160 feet of

masonry ;
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B. The vertical pressure at the outer face not to exceed 125 feet of
masonry at the point where it is most intense, and to diminish
in going down from that point ;

C. The lines of resistance when the reservoir is full and empty, respect-
ively, to be within, or near to the middle third of the thickness
of the wall. These are limiting conditions, and do not prescribe
exactly any definite form.

In choosing a form in order to fulfil them without any practically im-
portant excess in the expenditure of material beyond what is necessary, I
have been guided by the consideration, that a form whose dimensions, sec-
tional area, and centre of gravity, under different circumstances, are found by
short and simple calculations, is to be prefexred to one of a more complex
kind, when their merits in other respects are equal; and I have chosen
logarithmic curves for both the inner and the outer faces.

14. The constant subtangent common to both curves (marked AD in
the drawing) is 80 feet; this bears relations to the vertical pressures which
are stated in the Appendix.

The thickness CB at 120 feet below the top is 84 feet ; and of this one-
fourteenth, AC = 6 feet, lies inside the vertical axis OX, and thirteen-
fourteenths, AB, 78 feet, outside that axis. The formula for the thick-
ness ¢ at any depth x, below the top, is as follows :—

xr—a
t= tl .e "-—a—‘ ®ssssscsssssansse .----oa.uoo(l),

or in common logarithms
log ¢ = log t, + 04343 —— wecrurrucruirncans (1A),

in which a denotes the subtangent ?80 feet), and ¢, the given thickness
(84 feet) at the given depth (120 feet) below the top. The thickness at
the top is 18:74 feet.

13, In the profile, horizontal ordinates are drawn at every 10 feet of
depth from the top down to 180 feet, and their lengths, from the verti-
cal axis OX to the inner faces, respectively, are marked in feet and deci-
mals. In each case those ordinates are, respectively, one-fourteenth and
thirteen-fourteenths of the thickness. Intermediate ordinates at inter-
vals of 5 feet can easily be calculated, if required, by taking mean pro-
portionals between the adjacent pairs of ordinates at intervals of 10 feet.

16. The sectional area of the wall from the top down to any given
depth, is found by multiplying the constant subtangent (a == 80 feet) by

T —2,
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the difference (¢ — ,) between the thickness at the top, and at the given
depth ; that is to say

ff tda=a (E=16) erssssnssrsesssnnsanase (2)s

17. The vertical line through the centre of gravity of the part of the
wall above a given horizontal plane, stands midway between the middle of
the thickness at the given horizontal plane, and the middle of the thick-
ness at the top of the wall; and thus have been found points in the curve
marked ¢ Line of Resistance, Reservoir Empty.”

18. Supposing the reservoir filled to the level of the top of the wall,
the moment of the pressure exerted horizontally by the water against
each unit of length of wall from the top down to a given depth (z)is
found by multiplying the weight of a cubic unit of water by one-sixth of
the cube of the depth; and if we take, for convenience, the weight of a
cubic unit of masonry as the unit of weight, and suppose the masonry to
have twice the heaviness of water, this gives us, for the moment of hori-
zontal pressure,

3
M= 1% PP ¢ ) %

19. The moment of horizontal presgure, expressed as above stated,
being divided by the area of cross-section above the given depth, gives
the horizontal distance at the given depth between the lines of resistance
with the reservoir empty, and full, respectively ; that is to say

zs

M =
ﬁdz 12a(t—t¢) ------- glaonan-nn.-ou-oc'o(4)o

and thus have been found points in 1% curve marked  Line of Resistance,
Reservoir Full.”

20. In the preceding formule, the pressure of the water against the
inner face of the wall is treated as if it were wholly horizontal (as in the
investigations of M. Graeff and M. Delocre). In fact, however, that
pressure, being normal to the inner face of the wall, has & small inclina-
tion downwards; and, therefore, contains a small vertical component,
which adds to the stability of the wall. The neglect of that vertical
component is an error on the safe side.

21. To find the mean intensity of the vertical pressure on a given

-horizontal plane in the masonry, expressed in feet of masonry, divide
the scctional area by the thickness at the given plane; that is to say
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f"“ (l coreernessnsssrssssasseeens (5).

To find the greatest mtenslty of that vertlcal pressure according to the
ordinary assumption that, it is an uniformly varying stress,in other words,
that it increases at an uniform rate from the face furthest from the line
of resistance, to the face nearest to that line, the mean intensity is to be
increased by a fraction of itself expressed by the ratio which the deviation
of the line of resistance from the middle of the thickness bears to one-
sixth of the thickness; that is to say, let p denote that greatest intensity,
expressed in feet of masonry, and r the deviation of the line of resist-
ance from the middle of the thickness ; then

P=a[1— ) (1+.” veesresseesseseneneas(6).
When that deviation is appreciably greater than one-sixth of the thick-

ness, the preceding rule is no longer applicable, but this case, as already
explained, ought not to occur in a reservoir wall.

The assumption on which the rule is based, of an uniform rate of vari-
ation of that component of the pressurc which is normal to the pressed
surface, is known to be sensibly correct in the case of beams, and is pro-
bably very near the truth in walls of uniform or nearly uniform thickness.
Whether, or to what extent, it deviates from exactness in walls of vary-
ing thickness, is uncertain in the present state of our experimental
knowledge.

22, The range of different depths to which the same profile is appli-
cable without any waste of material, extends from the greatest depth shown
on the drawing, 180 feet, up to 110 feet, or thereabouts. For depthe
between 110 feet and 80 or 90 feet or thereabouts, the waste of material
is unimportant. For depths to any considerable extent less than 90 feet,
the use of a part of the same profile gives a surplus of stability. For
example, if the depth be 50 feet, the quantity of material is greater than
that which is necessary in the ratio of 14 to 1, nearly. For the shallow
parts, however, at the end of a dam that is deep in the centre, I think it
preferable to use the same profile as in the deep parts, notwithstanding
this expenditure of material, in order that the full advantage of the abut-
ment against the sides of the ravine may be obtained. In the csse of a
dam that is less deep in the centre than 110 feet, the following rule may
be employed : Construct a profile similar to that suited to a depth of 110
feet, with all the thicknesses and ordinates diminished in the same pro-
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portion with the depth. The intensity of the vertical pressure at each
point will be diminished in the same proportion also ; but this does not
imply waste of material ; the whole weight of the material being required,
in order that there may be no appreciable tension in any part of the wall.

W.J. M. R,

Arpexnnix C.

MATHEMATICAL PRINOIPLES OF THE ProriLe Curves. By Professor
W. J. M. Rankine, C.E., &c.

I.— Principles relating to all forms of Profile.

Let ¢, as before, be the thickness of the wall in a horizontal plane at
the depth x below the top; then taking the weight of a cubic unit of
masonry as the unit of weight, the weight of each unit of length of the
wall above that plane is expressed by

/ 'ﬁ tdaz

In order that there may be no appreciable tension at the outer edge of
the given plane when the reservoir is empty, nor at the inner edge when
it is full, the centre of resistance of that plane ought not to deviate from
the middle of the thickness by more than about one-sixth of the thick-
ness ; inwards when the reservoir is empty, outwards when it is full.

Let y denote the deviation of the centre line of the thickness of the wall

outwards from a vertical axis OX ; so that y — %and ¥4 3;- are the co-

ordinates of the inner and outer faces of the wall, respectively ; and when
z=0,let y =,. .

The line of resistance when the reservoir is empty, cuts the horizontal
plane at the depth « in a point vertically below the centre of gravity of the
pert of the wall above that plane; and in order that the weight of the wall
may be thrown as far inwards as is consistent with there being no appre-
ciable tension at the outer face when the reservoir is empty, the deviation
of that line of resistance from the middle of the thickness of the wall
ought not materially to exceed one-sixth of the thickness ; hence, if +*' be
taken to denote the inward deviation in question

t
=o<g nearly.icececiiereriiees (A)
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Let w be the ratio in which the masonry is heavier than water. Then
the moment of the horizontal pressure of the water above the same plane
on each unit of length of wall is

M=%
Gw

The vertical component of that pressure is neglected, as explained in
the body of the report. The extent to which the centre of resistance at
the given horizontal plane is shifted outwards by the pressure of the water
s,

IR ¢ :))

v r= zM = f:

Sitdz o Sitde
in which » denotes the outward deviation of the line of resistance from
the middle of the thickness when the reservoir is full, and the condition
that the centre of resistance when the reservoir is full is not to deviate
from the middle of the thickness by more than about one-sixth of the
thickness, is expressed by the following formuls, in which r denotes the
outward deviation.

« o
L S ytae

ﬁ‘”tdm

The formulm A and C express the condition that there shall be no prac-
tically important tension in the masonry at any horizontal plane.

Let p’ and p be the vertical pressures at the inner and outer faces, res-
pectively, at the depth = ; and P’ and P the limits which those pressures
are not to exceed. Then we have as another pair of equations to be sa-

¢
—y=or<g nearly...... (C).

tisfied -
. tda
r= (1 + -6—:: : Z =or < P .ceeeeees (D).
*tde
6 r °
p= (1 +_t- J -——E—— =or < P-... sseses (E),

IT.—Principles relating to the Logarithmic Curve Profile.

As a means of satisfying the equations of condition to a degree of ap-
proximation sufficient for practical purposes, let the inner and outer bound-
aries of the profile be all three logarithmic curves with the vertical axis
OX for their common asymptote, and having one common constant subtan-
gent a. It may be remarked that one reason for adopting the logarithmic

VOL. 1I,—BECOND HERIES. o
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)8 it giving & thickness at the top of the wall sufficient for the
formation of & roadway; and that another reason is, its giving values to
the intensity of the pressure at the outer face below the point of maximum
pressure, which diminish as the latter increases. Let the ratio borne by
the deviation y of the centre line of the thickness from the vertical axis
to the thickness ¢ be expressed by

=4
t
Then we have the following equations :—
K3

Y=ot =0l €% v (@)

ls

tda=aty(e® —1)=a (@ =1 ..ccourrrnnnnnsrns eoresnns (H).
f‘ )

( -1 )= ¢ SRt - vorsasenennes (KD,
r= 6w az;-— t,) - ; - = 2 - %(e% - l)(I‘)-

p=a (1 - 0.5‘){ 14 3¢ (1 - e-s_) } crnreseersenrsisannaeionss (M),

2%
—

wit,*

When the values given above are substituted in the expressions of
conditions, A, C, D, and E, the formula obtained are of a kind incapable
of solution by any direct process. They can, however, be solved approxi-
mately without much difficulty by the process of trial and error; and
such is the method by which the dimensions of the profile sent with the
report have been obtained ; the constants employed being w = 2; P’ =
160 feet; P = 125 feet. The general nature of the process of approxi-

alr

z
p:a{l—c “—3c(l-—e

mation followed may be summed up as follows.. By makmg P _ =0,

an equation is obtained involving the value of E which makes p a maxi-
mum. That equation shows that as a first approximation to that value we

may take 3—‘ This first approximation is inserted in equation K; and by
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making ' = f—s there is deduced from the equation an approximate value

of ¢.  Then, in equation M, by inserting the approximate values of %and
of ¢, and making p' = P (the limit of p), there is obtained an approximate

value of @; and by making r = é in equation L, an approximate value of

t. The several first approximate values being then inserted in Z——’; =0,

11
B
thence, by means of equation N, the actual maximum value of p is com-
puted, and found to fall slightly within the prescribed limit. Finally, as
a test of the approximations, equations K, L, M, and N are applied to
a series of values of x extending from the top to the bottom of the wall.
As to the degree of approximation obtained, the greatest values of p' and
p are, respectively, 154 and 124 feet, instead of 160 and 125 feet ; and there
are, as the drawing shows, some small deviations of the lines of resistance
beyond the middle third of the thickness ; but not sufficient to be of prac-
tical importance.

The following table contains some additional values of the vertical prese
sure at the outer face, at and near the point where it is more intense :—

Depths, feet; 90 100 110 120 130,
Vertical pressures, , 114 122 124 122 117,

W.J. M. R.

there is obtained a correet value of £, which is found to be about — ; and
a
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No. LXIX.

REPORT ON RATES OF WORK IN BERAR.
By Ms. R. G. Evwes, 4sst. Secy. P. W. Department, Hyderabad.

Tae causes which tend to make rates of work higher in Berar than else-
where may be divided under three heads : —
I.— Peculiarities of soil and climate.
IL.—Cost of imported materials,
IIT.—Cost of labor.

L—Peculiarities of soil and climate.

Berar is particularly unfortunate in being almost destitute of briok~
earth, potters’ clay, lime stone, and timber.

The soil is generally ¢ regur,” or what is called * black cotton soil.”
Under this lies either trap rock, mostly basaltic, or ¢ moorum,” a kind of
gravel believed to be the result of the decomposition of trap. True clay,
whether pure and plastic, or in the form more suitable for bricks, scarcely
exists throughout the Province. The substitutes which the natives use
are the slimy mud which collects at the bottom of ponds and tanks, and
« pandree mittee,” a whitish earth of argillaceous appearance which is
found mainly on the sites of villages, and is probably a mixture of the
tank mud from which the houses were originally built, with the sweepings:
and refuse of ages. It contains much organic matter and salts, and is
unflt for brickmaking.

This absence of clay contributes very greatly to the costliness of build-
ings in Berar. A large class of structures, such as police stations, jails,
quarters for native establishments, inclosure walls, out-offices, interior
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walls to larger buildings, &c., &c., which are elsewhere built with mud,
or with sundried bricks set in mud mortar, have here to be constructed of
far more expensive materials. '

The next cheapest style of work, common in other districts, consists of
burnt bricks set in mud mortar. But even if the porous and friable
bricks alone obtainable in Berar, which are sometimes so bad as actually
to float in water when first immersed, could be used in this way, the
cementmg material, clay, is wanting. The mud to be procured will not
stand the washing of the heavy monsoons, nor the occasional leakage from
above whichi would not injure a better clay. Attempts have been made
to use stone set in mud mortar for post offices, police stations, and other
minor buildings, but the above defect, with the peculiarities of the stone,
to be hereafter described, have caused the rapid and general failure of
these buildings which are now being re-placed at much expense with more
durable materials. The use of stone in mud mortar, such as is alone
procurable, bas been clearly shown by extensive experience to be false
economy in Berar, unless in exceptional circumstances.

The want of potters’ clay also causes serious expense in the matter of
roofs.

The tiles, obtainable in small quantities only, are so inferior, and from
the high price of fuel, so expensive, that the use of tiled roofs is becom-
ing more and more doubtful in economy, while the iﬂlpossibility of
preventing leakage from the porosity aud fragility of the tiles, and the
expense and annoyance of continual repairs, are sources of much com-
plaint.

Flat terrace roofs, as will be seen further on, are very costly; flat mud
roofs as commonly used in the North-West will not stand, from the
nature of the mud; and in short it may be said that there is no such
thing as a cheap satisfactory roof in Berar, except thatch, which of course
is inadmissible from its inflammability. -

Except two local deposits, neither of which are generally available for
the operations of the department, there is no good lime stone in Berar.
We are mainly dependent for lime upon kunkur, and deposits of a similar
nature, approaching more nearly to limestone than the ordinary kunkar
of the North-West. Some of these deposits yield an excellent lime, but
they are capriciously distributed and scarce. The cost of fuel is also very
high; the scrub and larger jungle which once covered large tracts have
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almost disappeared from the Berar valley. Firewood and charcoal have
to be brought from long distsnces; in many cases from tracts under
Forest Rules, where the tax levied, though perhaps not large in itself,
falls heavily on the departmental operations from the considerable quan-
tities consumed. Thus the cost of fuel, and the distances from which it
has aften to be carted, tend to increase the expense of all works into
which tiles, lime, or iron enter as materials.

In addition to the cost of fuel, the absence of larger timber is an im-
portant element in the cost of works in Berar. Timber is so scarce that
even for domestic and private use, inferior timber is brought frdm Bombay
and sold in the larger bazars by private merchants. For all those minor
purposes for which most districts in India supply local timber, it is neces-
sary to import wood from Bombay; and the difference in price between
teak and the inferior kinds obtainable there is not sufficient (except in a
few specinl cases) to compensate by the saving for the loss of superior qua~
lities in the former. When every rafter and doorpost has to be brought
by rail from Bombay, and aflerwards carted 50, GO or even 80 miles, it
may easily be conceived how the cost of woodwork runs up.

Haviug now mentioned some of the negative peculiarities which enhance
prices in Berar, some positive disqualifications, arising out of the soil and
climate, require notice. In the first place the Province is but sparsely pro-
vided with metalled roads, and wherever these are not, the black soil
becomes an impassable quagmire from June to the beginning of October.
During another period, from about December till April the carts of the
country are occupied in taking cotton to market, and thus it is only at
limited periods that carriage is available in quantity, But the operations
of the department cannot be confined to these restricted periods; hence
the cost of carriage is increased by the competition of cotton sellers, and
this affects more or less, in the couveyance of materials, every work un-
dertaken. The cost of carriage will be farther noticed under the head of
labor. ) .

Another disadvantage under which Berar suffers, is the unsuitability of
the only stone generally procurable, for building purposes. It is a hard
intractable basalt, which has no regular cleavage, and a highly irregular,
often conchoidal, fracture, It is very liable to split, but from the absence
of cleavage this makes it all the more difficult to dress into any regular
shape. An attempt at a class of work better than random mbble, ends in
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most expensive block-in-course, or else the notorious ¢ breadseal ” work, of
which a full description will be found in the Roorkee Professional Papers,
[New Series, No. XVIII.] The paper referred to explains clearly the diffi-
culties of executing masonry in a trap country, and a perusal of it will
throw much light on the costliness of work in Berar.

The nature of the rock makes it both difficult and expensive to introdnce
& proper proportion of bond-stones ; while the want of adhesion of mortar
to basalt, the want of porosity in the stone, and the great heat and dryness
of Berar, cause a two-fold increase of expense, in the extra massiveness
required for safety, and the necessity of long continued watering to pre-
vent the mortar crumbling into a dry powder before it has time to set.

The details given above will explain why it is necessary so largely to use
imported materials in Berar. These consist chiefly of teak, and iron in
various forms, and their unavoidable costliness is the second main element
in the high rates of Berar, noted in page 96.

The cost of carriage, the waste in conversion, and the expense of saw-
yer's labor, make it advisable as a rule to purchase teak in Bombay ready
sawn to the required scantlings. The rate paid is usually about Rs. 24
to 3 per cubic foot. Thecost of Railway carriage for ordinary lengths
to Akola is about Rs. 0-13-3 per cubic foot, and to Oomraotee, Rs.
0-15-4. If gore than 120 cubic fcet are sent in one consignment the
rates are somewhat less. Should the length however exceed 20 feet
the charge is considerably increased. For such timbers the Railway Com-
pany’s Rules require that two wagons be paid for at & minimum charge
for 3 tons, or 120 cubic feet each. It would seldem happen that the ac-
tual weight of timber carried would amount to this; the effect therefore
is to lay a varying and it may be excessive charge per cubic foot on the
timber carried. The department bas no control over charges of this kind ;
but it appears inexpedient that the Railway Company should impose pro-
hibitory rates. Under the present system cases might easily occur in
which it would be cheaper to cart timber the whole way from Bombay
than to send it by rail. In fact, at this moment timber is being carted all
the way from the Madras coast to Secunderabad, instead of bringing it up
by rail, as the former plan is found cheaper.

In ordinary cases, however, sawn teak costs delivered at Akola about
Rs. 3-6 to 3-14 a foot and at Oomraotee, Rs. 3-8 to 4. The waste in
framing, and the cost of- carpenters’ Inbor in framing and erecting, with
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catriage to site, bring up the final cost to the prevailing rates of Rs. 5-8
to 6-8 per cubic foot. These are doubtless very high, but it is not clear
how they can be reduced.

The cost of wrought-iron in Bombay is about as follows : —

Bars Rs. 6 to 8 per cwt.
Girders s .ee » 12 ”»
Trusses ... » 18 ”

The necessity of working up the iron with rude uppliances and unskilled
smiths, compels the purchase of expensive brands, as they are the most
easily worked.

-Cast-iron costs in Bombay Rs. 6 to 8 per cwt. for ordinary castings.
The cost of carriage to Akola is Rs. 1-8-3 per maund, and to Oomraotee,
Rs. 1-6-3, and for castings erected at stations on the line of rail the rate
is about Rs. 12 per cwt.

The rate for wrought-iron erected and fixed in framework of roofs and
similar work is about Rs. 25 per cwt.

A great part of the cost lies in the working up of the iron on the spot
(due partly to cost of fuel mentioned above, partly to cost of labor,) and
in the carriage to site.

The carriage of castings is expensive owing to their weight. Indeed
there are few situations off the line of Railway, in which cast-iron can be
used to advantage. .

For reagons given above, tiled roofs are not suitable for buildings of ary
importance in Berar. Terraced flat roofs are objectionable from the infe-
riority of the bricks and tiles of the district, and costly, from their weight
requiring strong walls, and massive beams of expensive teak. The ad-
vantages of corrugated iron have led to its being largely used in Berar ;
but it is not a cheap roof. The covering itself costs about Rs. 50 per 100
square feet, It has the advantage of requiring only a light framing ; and,
indeed, in small buildings, no frame at all.  But it is necessary for cool-
ness to provide a ceiling, and the experiments which have been made with
plaster ceilings on the English plan, substituting split bamboos for laths,
have not been altogether satisfactory. At present a planked ceiling of pine
appears the best; this costs about Rs. 18 per 100 square feet.

The third cause of the high rates in Berar, and one which enters into
nearly every item of our estimates, is the cost of labor.

This affects not only the ¢ labor” rate so called, but also the cost of
all our local materials; for in fact the price of these commouly represents
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little more than the labor expended in procuring them. The rent of
quarries and such charges form but an insignificant portion of the cost of
materials delivered, except perhaps in the case of timber, where the price
of the standing tree forms an exception to the rule.

The high rates in Berar attracted attention as far back as 1862, when
Captain Tyrrell, then Executive Engineer, Berar Division, reported in
reply toremonstrances as to the cost of his works, to the following effect :—
‘When he arrived in Berar in 1857 he found the wages of masons or brick-
layers to be about 4 annas per diem, but they were so few in number and
so unskilled that he was obliged to import workmen from Hyderabad and
Nagpore. To induce these men to leave their homes, it was necessary to
offer high wages, 6 or 7 annas per day. There were, according to Captain
Tyrrell, no ordinary laborers to be had, as the *¢ Dhers” or low caste
village servants, could earn enough in a lazy way about the villages to sa-
tisfy them, and coolies also had to be imported.

Carts were but little used in Berar, on account of the nature of the deep
black cotton soil. The few that existed were requived for agricultural
purposes. Numbers of carts were sent into Berar from Bombay or from
other districts under engagements to cart cotton down, for which fancy
prices were paid, and the rate of cart hire thus became abnormally high.

Brick earth scarcely exists in Berar, and Captain Tyrrell states that the
Railway Company although they had experienced English brick makers,
lost 50 or GO lakhs of bricks in the vain endeavour to turn out a service-
ablearticle. The only alternative available was the basalt, the peculiarities
of which have already been described. In 1862, Captain Tyrrell says the
Railway contractors were paying 15 Rs. per cubic yard or 555 Rs per 100
cubic feet for masonry. In illustration of the general rise of prices he
mentions that gram had risen from 45 seers per Re. in 1857 to 25 in
1862; and that wheat flour was at 12 scers, and had been 8.

In March 1868, Captain Tyrrell gave the following detail of the cost of
his masonry :—

Rs. A.
200 stones, at 3 Rupees per 100, ... .. e 60
Carriage 5 miles (average), at Rs, 2-2 per mile, 10 10
6 masons, at 8 annas, ... .on o we 3 0
Lime, see voe . [Ty .se aee 3 8
Coolies and sand, . .. e oo w 3 14

Per 100 cobic feet .. 27 0
VOL. 1IL,—SECOND BERIES. P
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It will be noticed that masons then cost 8 annas a day; they now get
12 to 14 annas; carts were 10 annas a day, they now cost 1 Re. and
sometimes Rs. 1-4.

In January 1864, Captain Foord brought to special notice the cost of
carriage in Berar. For travelling in one direction a cart and pair of bul-
locks thep cost 4 annas a mile, or Rs. 2-8 for' a short march of 10
miles, and by daily wages they reccived 2 Rs. a day. Camels cost 5 Rs.

"per day. These enormous rates were caused he says by the competition
of native speculators trying to get their cotton down to Bombay. In
June 1864, Captain Foord with regard to certain rates in a schedule
prepared by him, that were objected to by the Chief Engineer, reported
that carts were still 2 Rs. a day, but that he hoped to reduce this rate to
50 Rs. per mensem by importing from Secunderabad ; that bamboos were
10 Rs. per 100; and remonstrated gencrally against any reduction of
his rates, which were based on what he was actually paying.

In November 1864, Mr. Allan Wilson, Executive Engineer at Aurung-
abad, reported that he had been obliged to raise all his rates. Coolics
were then getting 8 annas, masons 10 annas, carts 12 annas a day. The
rates at Aurungabad have never risen quite so much as in Berar itself
partly because the works have been small, par‘ly from the distance of the
station from the Railway, partly because cotton is less extensively grown
in the district.

Mr. Wilson also stated that laborers, skilled and unskilled, were emi-
grating to Berar, and even to Bombay to obtain the higher rates there
prevailing.

It will thus be seen that the high rates in Berar date from the increas-
ed traffic in cotton which arose in 1862 ; they reached a maximum about
1864-65, and have since somewhat decreased.

Tables are attached showing the prices of the chief materials, labor,
and classes of work :—

(1.)—As estimated by Captain Foord in his Schedule of 1866-67.

(2.)—As estimated by the Exccutive Engineers, East and West Berar,

in revised Schedules prepared in 1870.

(8.)—From recent estimates and completion reports.

Another table shows the average working rates for certain items for
each of the six years ending with 1870-71.

These however are deduced from works in progress and whenever the
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accounts are not very accurately kept, the working rate during construction
does not show the real cost ; but although some discrepancies appear in the
table from this cause, it fairly represents the average rates on the whole.

From the facts that an ordinary unskilled laborer earns about 4 annas
a day, and that artizans earn from 12 annas to 1 Re., while mistries or
foremen usually receive about Rs. 1-4, the high prices of materials and
of completed work follow as a natural consequence.

It will be secn that there are some discrepancies in the rates of the
East and West Berar Division as entered in the Schedules of 1870,
arising from under-estimate in the latter, and from the abnormally high
rates attained in the former, under a previous Execcutive Engineer. The
rates in the two divisions have since tended towards uniformity.

The cost of earthwork, Rs. 8 for dressed foundations, and about Rs.
G for ordinary banks and cuttings in road work, is high compared with the
rate of cooly labor, 4 annas a day. Dut it must be explained that the
supply of such coolies is very limited, and that for all earthwork on a
large scale, quarrying, collection of rcad metal, &e., recourse mnst be had
to the wandering tribes of Wuddurs (ealled in the North-West Oodes, or
Oords.) These men have long been accustomed to high wages on the
Railways, and like our Epglish navvies they live well and expensively.
They will not work except at rates which bring them large wages.

It is scarcely within the province of this report to discuss the general
reasons why labor is dearcr and prices higher in Berar than in other dis-
tricts of India. The laws governing the rate of wages form a disputed
chapter in political economy ; but there are certain circumstances existing
in Berar which may well be noticed here, as affecting the possibility of
reducing the cost of labor by importation.

It has lately been urgued with considerable force* that the wages of un-
skilled labor are determined in a country where access to land is not
artificially restricted, by the amonnt which a peasant can earn by farming
on his own account. Now Berar is a district where * fiee trade in land”
eminently prevails. + There are the greatest fucilities for taking up or
relinquishing land for cultivation, and as only one-fourth, it would seem,
of the cultivable area is under cultivation,} it is not as yet necessary to

resort to the'poorer soils. Further the settlement is « ryot-waree " and
® Westminster Review, No. LXXI., January 1872, page 188, et seq.
t Administration report, 1870-71, page 15.
1 Ibid, page 2.
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the assessment light ; the balance of the produce, after paying the Govern-
ment share, which under a Zemindaree tenure is divided between the
proprietor and the actual cultivator, in Berar goes wholly to the latier.
Lastly, the staple of the district, cotton, is a very profitable crop. The
result of all this is that agriculture is both a profitable and an accessible
occupation, and not until cultivation has extended to a much larger area
so that the new comers are restricted to the poorer soils, and the profits
limited accordingly, can it be expected that immigration will materially
lower the wages of unskilled labor.

The rate of wages of the artizans is subject to more complex conditions ;
it is affected by competition, custom, the price of food, and by the stand-
ard of living customary with these classes. The price of food in Berar is
high, beeause so much of the land is taken np with cotton that cereals
have o be imported. Further the competition for skilled labor during
the construction of the Railway established a high rate of wages, and na.
tives are especially unwilling to submit to a reduction of nominal rates even
when from an increase in the purchasing power of money, such rednction
would Jeave them really as well off as before. The attachment of the na-
tives to “ dustoor ” has thus prevented the reduction of wages which might
have been expected to follow the general fall pf prices after the cotton
crisis.

In addition to this, the standard of living or of comfort to which they
are accustomed has gradually risen, and they would now be unwilling to
accept the wages of 12 or 15 years ago, even if the purchasing power of
money were the same.

Thus the only prospect of reducing the cost of skilled labor would be
the accession of a state of things in which the supply much exceeded the
demand, which in time would induce the artizans to submit to lower wages
to procure employment at all. It is notorious, however, that the tendency
is quite in the opposite direction.

It seems doubtful whether the increase of the artizan class has kept pace
with the great extension of Public Works in the last few years, and in
every direction there is difficnlty in collecting masons, carpenters and smiths.

Indeed it seems a matter for consideration whether a systematic effort
should not be made, either by technical schools or by some p]‘an of Govern-
ment apprenticeships, to train up an increased supply of skilled workmen.

1t will be seen from the above report that there is little prospect of a
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reduction in the current rates of work in Berar, depending as they do on
the wages of skilled and unskilled labor, both of which are practically
beyond our control. The direction in which our efforts for economy seem
most to promise success is the substitution of special materials and modes
of construction for those hitherto in use. Could any of the various forms
of building in béton, pisé work, or concrete be successfully introduced into
Berar, a material saving might be effected in the most expensive portions
of our constructions.

The experiments about to be carried out on the limes and cements of
Berar will help towards this end. .

The expense of carriage forbids the use of Portland cement from Eng-
land, but it may be hoped that ere long that invaluable material will be
made available to the Indian Engineer by the establishment of local manu-
factories. With Portland cement the success of concrete building would
be assured, but so long as we are dependent on local limes of uncertain and
varying composition, the employment of such a material in large buildings
must always be attended with more or less risk.
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1 | H
e
Fast Terar | Wost Borar 1 2L Be | West. o
1866-67. Schedule, Schedule, n,:n{;::" { T ;’lnrat ;t“
1870, 1870 gsr1as. | 1kne,
Work COMPLETE. Rupees. Rupees. | upecs. P.upees.' Rupees,
Excavating foundations not
exceeding 5’ deep, per 1,000, 8 8 6 8 8
Brick in lime mortar, phnn
walling, not exceeding 20
from the ground, per 100,. 25 29 30 2 | 28
Stone concrete, including fil- _ !
ling, per 100, . 15 15 15 B | 1
Madras terraced rooﬁn" (ex- !
clusive of joists), per 100, 30 30 35 2 i 2%
Rubble masonry in lime in
superstructure, per 100, .. 36 35 32 32to36 32
Coursed rubble, per 100, .. 44 38 40 . ..
» in arches includ-
ing centering, 48 to i1} 48 to 60 48 to 60 66 .
Block in course, . . 80 . .
Ashlar, per square foot, o 10 to 14 1-4to 1-8 1-0 to 1-4 .. 1 18
Moulmein teak, tixed and
framed, 4-2.0 7 ) 5-8-0 6
1% framu‘l panelled teuk doors
square feet o o .. 1-4-0 2. 2-4-0 1-10-0 | 1-8-0
I
LABORERS. i
Laborers for enrthwork ol 0-4-0 to 0-6~0 | 0-3-0 to 0<3-0 | 0 4-G to 0-5-0 . .
Boys, .. . . 0-2-0 0-2-0 0-2-0 . .
Women, . o] 0-2-6 to 0-3-6 | 0-2-0 to 0-2-6 0-2-0 . .
Cart and pmr of bu]locks, . 1-8-0 1-0-0 1-4-0 . .
Pair of bullocks and dnvcr, 10-0 012-0 1-0 0 . .
Bricklayer, mistry, .. 1-4-0 1-4-0 1-4-0 . .

» ordinary,.. 10412 0 to 1-0-0 [0-12-0 t0 0-14-0: 0-12-0 to 1-0 0} ..,

” inferior, .. . 0-8-0 0 8-0 0-80 . .
Stone—cutters, . . . 0-14 0 0-14 0 0-14-0 . -
Stone-masons, .. . . 0-12 0 0-12-0 0 12-0 . »
Black-smiths, .. . «.| 1-0 0 to 1-4-0 | 1-0-0 to 1-4-0 | 1-0-0 to 1-4-0 -
}Iammer—men, . . .. 0-8-0 0-8-0 0-8-0 ..
Carpenters, mistry, .. . 1.4-0 14-0 1-4-0 - ..

” ordmary, . +.10-14-0 to 1-0-0/0-12-0 to 1-0-0,0~14-0 to 1-0-0 v .

” inferior, .. ..|0-8-0 to 0-10-u{0-8-0 to 0-10--0 | 0-8-0 to 0-10-0 . .

MATERIALS.

Delivering hard moorum at

roadside road, not exceed

ing 1 a mile, per 1,000 c. f,, 8 15 15 . v
Bricks 9" x 4;" i” deliv-

ered at the works per 1,000, 9 9 9 . .
Pan tiles delivered at the

works, per 1,000, .. 6 6 6 .
Flat tiles delivered at the

works, per 1,000, .. 4 4 4 . .
Lime burut at works per ],00

cubic feet, .. 28 32 32-8-0 . 25
Charccal burnt at works. per

maund, 2-80 . 2-8-0 . .
Rubble 'stone delivered at

works, per 1,000 cubic feet, 16 10 10 . 8
Arch stones, per 100 stones, .. 30 35 30 .~ v
Moulmein teak beams, die

square, per cubic foot, .. 3 6-8* 3-8-1 - 5-8-0*

' Including labor.
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No. LXX.

EXPERIMENTS ON SELENITIC MORTAR.

By Carr. E. V. Twenrow, R.E., Erec. Engineer, Belgaum.

Tuk annexcd tables show the breaking or tensile strain on an area of
four square inches of selenitic common lime gauged
neat and with different proportions of sand.

The mould in which the test bricks were made, was
shaped as per sketch, so as to give a scctional area of

two inches square at the point of fracture.
The weights were applied by means of a wooden
lever coustructed as per sketch.

The scale platform, containing the weights, was made
to move along the Jonger arm, by suspending it to a

i

The lime, styled ¢ selenitic,” was manufactured by slaking the common
freshly burnt lime with water containing five per cent. of strong sulphuric
acid (oil of vitriol).

The lime used throughout the experiments is that in ordinary use at
Belgaum. It is burnt from a large sized kunkur, containing a consider-
able proportion of clay in its composition. The lime is burnt with charcoal
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in ordinary native kilns. The sand is coarse black river sand. The mor-
tar used on the Belgaum barracks is a mixture of 1 part of this unslaked
lime, to 1} paris of sand, and numerous experiments have shown its mean
tensile strength on an arca of four square inches, to be as follows :—

Age. Breaking at
10 days, .. . . 90 Its.
20 .e .o .o 120
30 , .o .o .o 150
60 ,, .o .o .o 170 ,,

The addition of the sulphuric acid has the effect of doubling the strength
of the lime; also it enables the lime to bear an admixture of three times
the quantity of sand to rednce it to the strength of ordinary mortar made
with plain water. To slake one cubic foot of fresh lime, requires 20 pints
of the acid solution, so that in a 5 per cent. solution, one pint of pure acid
is necessary. If selenitic mortar composed of 1 of lime to 4 of sand is
used, about 7% cubic feet of lime would be required for 100 cubic feet of
rubble masonry: or, 74 pints (equal to 17 tbs.) of sulphuric acid, which at
the Belgaum price of 8 as. per 1h. would add Rs. 8-8 to the cost of masonry
per 100 feet. Against this may be placed the saving in the gquantity of
lime, or about 8 cubic feet, if mortar of 1 lime to 2 of sand be in ordinary
use. The relative cost would be in favor of the selenitic mortar, only in
those places where line is very expensive, or where the materials for the
manufactare of sulphuric acid exist.

The experiments are not sufficiently numerous to establish any definite
conclusion ; but as far as they go, they seem to show that the strength of
selenitic lime, made from kunlkur, is about equal to Roman cement, and
#ths that of Portland cement. The breaking weights, at 30 days being
as follows :—

Per | Per
Bri- §q. Remarks,
quette | inch.
N
Portland cement, . .. . | 679 | 310

) Taken from Tables 17 and
Roman cement, .. e .. | 243 | 108 |\ 24 of Grant on the Strength

Selenitic kunkur limes,.. .. .. | 480 | 120 | ! of Cement.

A solution containing 3 per cent. of acid was tried, but it gave results
only 3th the strength afforded by the 5 per cent.
Bricks of selenitic lime, exposed to air instead of being immersed in
waler, showed a slight increase of strength.
VOL, 11,—SECOND SERIES, Q
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EXPERIMENTS ON SELENITIC MORTAR.

Tanre of the results of experiments with common and Selenitic lime,
gauged neat and with different proportions of sand, showing the breaking
weight on a seclional area of 4 squarc inches.

TEN DAYS’ TESTS.

SELENITIC LIME.

Proportion of Lime to S8and.

1tel

Ordinary kunkur
lime, gauged neat

|
nou'lto‘z‘x to3

1to4

1toh

1106

1to 7

1to8

Tmmersed in water 12
hours after making,

X3

\

175
179
209

159
188
131

101
07

135

5 (292 .
347
260
512
140
127
300
152

192

.e

114

81
114
105

Mean results,

244 188 |159 |111

{138

100

90
81
69

54
89
59

TWENTY DAYS’ TESTS.

Immersed in water 12
hours after making,

3

\

182
202
182
148
208
192

195
182
225
228
198
208

416
308
304
3
392
399
269
178
169
403

240
180
240
1586
180
260
200
180
180
193

172
162
155
162
155

157

82
102

92
108
122
155

102
122
128
98
08
102

102
82
82

102
92
82

82
75
122
82
82
82

Mecan results,

.o

204 406 206 |186 {160 |110

108

90

87

66

122
82
129
92
99

103

THIRTY DAYS’ TESTS.

Immersed as above, .«

<

260
246
203
266
283
253
240
300
270
200

352
122
497
449
535
535
586
392
H82

325

Mean results,

270 1480

E.V.T.
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No. LXXI.

DELHI CLOCK TOWER.
[ Vide Photograph and Plate X.]

Article communicated by E. J. Mawrin, Esq., C.E. Plhotograph
erecuted by Ligur. Cravron Beaucuame, R.E.

Trx Municipal Commissioners of Delhi have effected many useful im-
provements in that city since the mutinies: the streets are now, perhaps,
the cleanest and best drained, and repaired, of any native city in the Upper
Provinces.

A fine Town Hall, with a Ball-room, Museum, Lecture-room, a mag-
nificent Durbar Hall, measuring 80 feet long and 40 feet wide, and an
extensive Serai for the accommodation of native travellers, may be spe-
cially mentioned amongst the many useful and ornamental worke that
have been constructed by the Municipality. Trees have been extensively
planted along the road sides; handsome cast-iron pillars from England have
superseded the old wooden posts that formerly supported the stroet lamps ;
large tanks have been constructed; the old King’s gardens have been
tastefully laid out, and vastly improved; new gardens have been formed;
and almost everything that taste or intelligence could suggest for the con-
servancy and embellishment of the city, has been carried out.

The latest improvement is the new Clock Tower, which stands in the
centre of the Chandnee Chowk, opposite the Town Hall.

This building is erected in an appropriate and commanding site at the
crossing of four streets, and stands 110 feet high, exclusive of the orna-
mental gilt vane and finial. The materials used in its construction are
brick, red and yellow sandstone,®and white marble. The capitals sur-

VoI, IL.—S8ECOND SEKIES, R’



12

DELHI CLOCK Towgn.

wonnting the main corner pillars are 4 feet 2 inches wide at.top,

6 indl?ﬂ de()p' ﬂnd 4 feet

they are carved ont of solid blocks of white sandstone
and each of them weighs about 2 tons. ,

The dials of the clock are sufficiently elevated to be visible from the
East Indian Railway station, and from other prominent points in the city,

The =lock is constructed to work five bells, placed in the open canopy
above it, these give out a different peal for each quarter, the largest hell
striking the hours.

The building has been completed in 18 months, at a cost, including
clock and bells, of Rs. 28,000, the whole of which amount was provided
from Municipal Funds.

The tower was designed and built by Mr. E. J. Martin, Exec. Engi-
neer, Rajpoutana State Railway, and the Clock and Bells were supplied
by Benson and Co., Ludgate Hill, London.

SPECIFICATION,

Enclosing site—A strong paling, about 4 feet in height, and com-
posed of rough bullies, to be erected, to enclose the ground on which the
Clock Tower is to stand. To prevent accidents, watchmen will be em-
ployed to keep people clear of the works, and at night, lanterns will be
suspended at the corner posts of the enclosure,

Ezrcavation for foundations.—The ground to be excavated until a
thoroughly firm and secure foundation is obtained, and to be carefully
levelled to receive #he concrete.

Concrete in foundations.—To be composed of 1 part mortar, to 2 parts
broken stone or vitrified brick. The mortar to consist of 1 measure of
charcoal-burnt kunkur lime, and 1 measure of soorkee or budgree. The
stone or brick to be Lroken up into 14 inch cubes, the whole to be care-
fully mixed, and thrown into the founudations from a* height of at least
10 feet, and to be thoroughly rammed in 6 inch courses.

Masonry in foundations.—To be of the best coursed rubble in lime
mortar masonry, well and securely bonded, with a sufficient number of
thorough bond stones introduced at proper intervals, in every course.
The mortar throughout the building Leing the same as that specified for
concrete.
® This mode of ¢ throwing ' concrete is opposed to tnd best recent practice in concrete laying.—[Ep".
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Masonry tn superstructure.—The body of the work will be of brick in
lime mortar masonry, the cornices, pinnacles, caps, bases and shafts of
columns, jambs, mullions, arches, and transoms of windows, pinnacles,
finialg, erockets, barges, hood moulding, water tables to buttresses, strings,
&e., &c., to be of cut sandstone, in accordance with the drawings.

The brickwork to be of the very best deseription; the bricks are, where
necessary, to be rubbed on the face, and to be laid with close joints in
English bond, in finely tempered mortar. The bricks to be well and
squarely moulded, free from inequalities, and properly burnt, no jhama or
peela bricks to be used. The different kinds of ent stone-work, including
plain, moulded, and carved ashlar, to be neatly and correctly worked to
the shapes and dimensions given on the drawings. The stones to be of a
uniform color, and free from unsightly stains.  All projecting edges to
be throated underneath, and copper joggles or dowels to be introduced
where needed.

Stone flooring.—The lower floor to be flagged with 2 inch thick flag
stones, laid with the finest possible joint, on 44 inches terracing over 18
inches of stone spalls,

Carpentry.—All the timber used in the building to be of the best
sal wood (Shorea robusta) obtainable, free from all imperfections, to be
correctly worked to the dimensions given on the plans.

Clock and Bells.—The bells to be fixed above the dials, with a clear
open space round them, in order to let out the sonnd. The hammers to
be very strongly screwed to the beams of the bell frame, the largest
hammer to the largest bell, care to be taken that they do not touch the
bells when at rest, but yet give a good firmm blow when in action. The
bell frame to be constructed as shown on plans, with a sufficient space
between it, and the walls to afford room for the descent of the weights.

Immnicdiately below the bells, and on a level with the centre of the dials,
will be fixed the bevel wheel work.

Behind each dial screwed to a shelf, will be placed one of the motion
works, communicating with the bevel wheel work by a rod. Below this
will come the movement of the clock, raised above the floor on a stooy
about 3 feet high, and connected by a rod with the bevel wheels above.
The single hammer tail at one end of the clock should then be connected
with the largest hammer, which strikes on the largest bell (No. 5). The
bammer tail at back of clock, (the back of clock is where the pendulum
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swings,) will be connected with No. 4 bell; the next tail to it with No,
8, and so on.

The hour striking part and the going part, each takec 48 turns to go
for 8 days, the chime part, 75 tarns, Double lines should be used asg
shown on diagram. The striking part takes one 8-inch weight, and 4
shifters, the going part a small weight, and 2 small shifters, the chime
part one 8-inch weight, and 9 shifters, as 75 feet cannot conveniently be
obtained for the fall of the quarter weights, this part of the clock will

have to be wound twice a week. A distance of 50 feet down which the
going and striking weights can descend, will be sufficient to enable those
two parts to perform for 8 days.

ABSTRACT.

RS,

22,016 Excavation of foundation, including baling water, &c., at Rs. 2-4-0
per 100 cubic feet, . . 495

13,758 Pucka masonry and concrete in fmmdnnon, at R‘; 11-8 0 per 100
cubic feet, . . . . . . . 1,582
13,456  Ditto superstructure, at Rs 24 per 100 cubic feet, B . . 3,229
17,027 Sal wood-work, at, Rs. 3-8-0 per foot, . . . . . . 596
2 Iron girders, at Rs. 30 each, . . . . . . . . 60
8,667 Stone work mnulded, at Rs 4 per foor, . . . . . . 14,268
4} Maunds copper work, at Rs. 100 per maand, . . . . 450
20  Caps and pinnacles carving, at Rs, 20 each, . . . . 400

Total, . . 21,080
Contingencics at Rs, b per cent., . . . . . 1,054

Grand Total Rupees, . . 22,134
E.J, M.
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No. LXXII.

REPORT ON EXPERIMENTS MADE ON KUNKUR MOR-
TARS AND CONCRETE.
[ Vide Plate XL]

By A. Niervy, Esq., dssist. Engineer in Charge of Erperiments.

Gurdaspur, 26th February, 1873,

Tais report will be divided into two parts. The first treats of kunkur
cement mortars; describes simple analytical and experimental means of
testing the cementing properties of knunkur; proves that most of the
burnt kunkurs belong to the class of cements; and, lastly, gives an outline
of the manner in which it is proposed to conduct some experiments on
artificial cement.

In the second part will be found the fundamental principles on which
concrete making is based, the results of experiments on specimens of
concrete tested at Madhopur, and some suggestions derived from those
experiments; also comparisons between our results and those obtained
elsewhere: this is followed by a brief description of Coignet’s system of
stone making, and by a recapitulation.

Parr I.—The kunkur cement laid experimentally last year in the
great weir at Madhopur having been successful, orders were given to
cement the upper layer of the repaired portion of the weir with kunkur
cement mortar. The cement made at Runiah with the unwashed nodule of
Bathala kunkur, and at Pathankote with vesicular tufa, was supplied fresh
and unslaked to Lieut. 8. Jacob, R.E. This officer having satisfied him-
self that when water was mixed with the material supplied to him, the
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setting action commenced almost immediately, came to the conclusion
that he had to deal with a natural cement, and treated it as such; that
is, ground it as fine as practicable, and laid it in the work immediately
after it had been wetted, taking great care that no cement should be left
wet in the evening for the following day’s work. Each day’s masonry
was covered with a layer of wet sand, which was kept moist as long as
necessary. The season of the floods has now passed, and although there
has been no snch heavy flood this year as the year before, still a very large
body of water has been continnally passing over the weir, and the only
damage done to the repaired portion, is one small hole, from which about
eight houlders have been displaced.

The grinding of the cement for the above-mentioned works was a very
great improvement on the mannal pounding, although the degree of fine-
ness obtained was only sufficient to allow the ground cement to pass
through a sieve of 40 meshes to the inch (it shonld pass throngh a sieve
of from 60 to 8O meshes).  Lient. Jacob took advantage of the water
power at his disposal to erect native mills close to the works, and after
breaking the burnt kunkur in smaller fragments; ground it in the same
way that corn is ground. It was found that the rough state of the mills
made them troublesome, so improvements are now being considered with
a view to using cheap water power on the works for the remodelling, and
on the manufacture of artificial cements,

At the last closing of the canal in January 1872, I was ordered to
carry out the repairs of the rapids, and was ailowed to use koukur
cement for the work. The quantity of cement at hand being limited, a
third in bulk of stone lime was mixed with the cement, and the concrete
was composed as follows : —2 kunkur cement, 1 stone lime, 3 pebbles from
bed of canal.

It was explained in & previous report that the mixture of 1 stone lime
to 2 kunkur cement, gave a better proportion of caustic lime to clay:
another reason for this mixture is that the great setting activity of the
cement is beneficially retarded by the mixture of lime, when that mixture
does not exceed the proportion of 1 to 1 (see General Gillmore’s Practical
Treatise on Limes, &c., paras. 381 and 550). Some Engineers in this pro-
vince have before found experimentally that it is advisable to mix stone
lime with kunkur cement ; but the variety of burnt kunkur with which it
is good to mix stone lime, not having been pointed out, end the cause of
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the beneficial action not having been explained as above, other Engincers
were led to doubt whether any advantage was gained by the mixtuare.
(See Mr. J. E. Tanner’s valuable report, dated 29th Sept., 1869, and Mr,
E. C. Palmer’s able report on certain experiments, &c.) In truth, the com-
position of kunkurs varies so much that it cannot be said in a general
way that stone lime ought to be mixed with what is known under the
popular name of kunkur lime: for iustance, if the mixtiure with stone lime
is good for Bathala cement, it would be decidedly bad for Vahn or
Lucknow No. 1 kunkurs, which contain already an excess of lime.

It should be here mentioned, that much contusion arises from the fact
that burnt kunkurs are commonly classed under one head, no proper
nomenclature being adapted for the different varieties. In consequence
of this, rules for hydraulic limes are often wrongly applied to cements,
and bad mortar made out of really good materials. However chemistry
alone can make the required discrimination, so simple chemical means of
ascertaining the cementing values of kunkurs will be given further on in
this report.

To return, however, to the sulject of repairs to the Rapids, the setting
activity of the Bathala cement, even when mixed with stone lime, was
taken advantage of to repair deep indentations in the entwater of a few
piers damaged by logs ; it was also relied on to build one of the missing
piers of No.7 Rapid, and to fill the interstices between the boulders in a
chosen space in the centre of Rapid No. 10, 24 hours before the re-
opening of the canal,

Coarse sand having been found in one of the rajbuhas, a sand mortar—
composed of 2 volumes kunkur cement, 1 volume of lime, $ volumes
course sand—was used to carry out large repairs at the bottom of the
cistern of a vertical fall, and as the samples of this mortar kept in water
have taken a high degree of induration, it is expected that snch mortar
will be successful, and that it will be possible 10 effect a great saving
both in labor and material, by using this sand on the projected works.
As the mortar used on the Rapids, however, is still undergoing trial,
and as until the canal is closed in January, 1873, it will not be possible
to closely examine the repaired porlions and draw any conclusions, no
more will be said on this subject at present,

We will now turn to a very important point, and one on which very
conflicting ideas exist: viz., the more or less wet state of morlar when
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ready for use. It is agreed that theoretically the less water a mortar
contains within certain limits the better it is, and there is no doubt that
an apparently incoberent mortar used for concrete laid in & place where it
can be easily rammed will give the best results ; because the cohesion of
the elements of the concrete is completed by the blows of the rammer. 1f
there is a large excess of water in the mortar, the action of the rammer is
impeded by the quicksand motion which takes place, and the result is a
very porous and comparatively feeble concrete. If there is only a small
excess of water, a film of it simply oozes out of the surface rammed
and the result is a concrete slightly more porous than if the exactly cor-
rect quantity of water had been mixed. As, however, few have acquired
the practice of judging that quantity of water, it is recommended to use a
small cxcess rather than run the risk of leaving the concrete deficient in
dampness.  But if an apparently incoherent mortar is very good under
the influence of the rammer, it will not answer under the influence of the
trowel, even when handled by an European mason.  The incohereut par-
ticles of the mortar which incessant blows only will join, remain divided,
and if such mortar even when composed of the best cement is used by
the mason, it will be found on the following day to have fallen to powder.
In the absence of ramming, water is therefore the agent which brings the
particles together, so the European mason is provided with a solid paste
of which he can take a good quantity on his trowel, and throw it so as
to fill all the interstices of the material he is bailding with ; whereas
the Indian mason, who has to work in an atmosphere which so quickly
absorbs moisture, who besides likes to exert hiwwself as little as he can,
uses a much less solid paste, which ruus almost of itself in the inter-
stices.

This produces work more porous than good Enropean mortar, but fairly
strong if the ingredients used are of good quality and properly mixed.
It is unwise, therefore, to force native masons to use a stiff mortar, as any
change of thut kind is sure to produce masonry left incoherent, an evil
much greater than porous mortar.  When a mortar composed of fat lime
and puzzuolana of some sort is used, porosity has its advantages, as it facil-
itates the ingress of carbonic acid, and the consequent guicker solidifica-
tion of the mortar.  'When good cement, natural or artificial, is used, the
small*excess of water can do little harm, for we find that some eminent
Engineers and chemists of different countries have solidified blocks of
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gravel and pebbles by forcing liquid cement through them; (General
Gillmore, paras. 494, 509, 515;) and again we see that nature pro-
duces many of its masses of conglomerates and sandstones by the in-
filtration of calcareous matter through incoherent masses of boulders and
sands.

The greatest cause of anxiety for an Engineer in charge of masonry
works is not therefore the small excess of water that his native masons
use, but rather that the setting energy of his kunkur cement should not be
broken, and the strength of his cementing material be not reduced to that
of feebly hydraulic lime, by the employment of mortar in which the set-
ting action has been going on for some time. This point is so important,
that every effort will be made in this paper to induce those who have
to deal with kunkur, to satisfy themselves that the material called
“ kunkur lime” comprises a varicty of materials, most of which, if Vicat's
typical classification is adhered to, belong to the classes of cements, and
cannot therefore be treated like hydraulic limes, (see page 124 of this
report.)

There are however reasons for suspecting that a kind of kunkur (among
the richest in carbonate of lime), belongs to that dangerous class of inter-
mediate or limut hydraulic limes. This cluss, which dues not appear to
occur in England, is well known to the American and French authorities
on limes and cements, who agree in advising that they should not be
used except with great caution. These intermediate limes which set
with very great rapidity in air and water, suddenly loose their cohe-
sion, crack, expand and soften, a few hours after having been used like
cements. :

Vicat and Gillmore say that they can be reduced in setting activity by
remixings with water, and that they can be brought to the standard of or-
dinary hydraulic limes, and used as such. It appears probable that the use
of intermediate kunkur limes in India, gave rise to the popular saying
among contractors and overseers, that water is the life and soul of kunkur
lime, and gave birth to the public works rule* that kunkur lime requires to
be soaked for 24 hours and thoroughly worked with water. This rule is
applied in practice, not only to the kunkurs which produce hydraulic or
intermediate limes, but to those which produce cements; the result is that

* The rule alluded to is not in the Code, but is one of those traditional rules which ought to be-

ocome obsolete.
VOL. II.——~BECOND SERIES, 8
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the setting qualities of the cements are destroyed, and that they are
reduced to the standard of feebly hydraulic limes.

Now let us proceed to the means within reach of every Engineer-of
discovering for himself the class of limes and cements to which the mate-
rial at hand belongs. The two principal components of our cementing
materials, © carbonate of lime and clay ” are the only ones which it is ab-
solutely necessary to know to classify our materials. The knowledge of
the other components is useful in this way that when at some future time,
& number of analyses of cementing wmaterials and the results they give
when used in mortar and in concretes shall have been recorded : the che-
mist and the Engineer will be able to draw sound inferences as to the
action of each component on the setting qualities, aud on the ultimate
power of induration. It is advisable, therefore, that complete analysis and
experiments should be recorded by special men; but as long as the inferen-
ces cannot be drawn on a sufficiently wide and sound basis, the two prin-
cipal ingredients, ¢ carbonate of lime and clay,” will be the only ones of
immediate interest to the Engineer. The question is, therefore, how
their determination can be obtained by simple means.

The process by hydrochloric acid having been detailed in several popular
publications, it may be supposed to be familiar; it will not be, therefore,
described again, and the examination of the results obtained by that pro-
cess shall be proceeded with, The action of hydrochloric acid is simply to
isolate the silica and insoluble silicates, whose weight is obtained and re-
corded, but it would expose us to great errorsif in all cases we took the
difference between the above weight, and the total weight of the sample as
the weight of the ¢ carbonate of lime.” The reason of this is, that the
solution thrown away contains not only the lime united with the hydro-
chloric acid under the form of chloride of calcium, but also the alumina,
oxide or peroxide of iron, magnesia, potash, soda, &c., the sum of which
last elements is often more than two-fifths of the total weight of the
sample. The error committed is & minimum when the material analysed
is nearly pure carbonate of lime, a kind of lime rare in the Punjab: the
error is a maximum when the material is an impure carbonate like our:
kunkurs.

The process by hydrochloric acid leading to great errors, the detail of
another process which can be found in Mohr, Vol. 1, page 69, will be
proceeded with.
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The principle on which the following process is founded is that one cubic
centimetre of nitric acid decomposes ‘05 gramme carbonate of lime. The
chemicals required are nitric acid and caustic potash or soda, so combined
in strength, that one cubic centimetre of caustic potash will exactly neu-
tralise one cubic centimetre of nitric acid : also litmus paper or tincture.
The instruments necessary are two of Mohr’s graduated tubes with glass
cocks and stand. When the raw material, which is to be experimented
ubon, has been finely powdered, so that no grittiness remains in it, take
one gramme for instance, place it in a cup under the graduated tube con-
taining nitric acid, and let the acid flow gently on the powder until litmus
paper dipped in the solution turns red, or until all effervesceuce ceases.
Suppose when this Lappens that 155 c.c. of acid have been expended ;
since the reddening of the litmus does not show exactly thatall the car-
bonate of lime has been decomposed, add some more nitric acid, say 2}
c.c., 8o that 18 c.c. of nitric acid will have been employed. Having used
more than was required we must find the excess ; this is done by carefully
adding caustic potash to the solution until it is neutralised, which is shown
by its action on litmus, Suppose 2 c.c. of caustic potash have been em-
ployed to obtain that result, then 18 — 2 = 16 c.c. is the real volume
of nitric acid which has entirely decomposed the carbonate of lime; then
as 1 c.c. nitric acid shows ‘05 carbonate of lime, 80 16 c.c. nitric acid show
-8 carbonate of lime. QOur sample contains therefore 80 per cent. car-
bonate of lime, and 20 per cent. clay, and is likely to be an eminently
hydraulic lime.

If the sample was suspected to contain sand, 50 grains of it should
be treated -by the hydrochloric acid process, and when the silica and
insoluble silicates would have been obtained, the sand should be separated
from the silica by careful washings, the weight of it ascertained, and
deducted from the amount of clay previously obtained by the nitric acid
process,

The above simple ways of finding the two principal components of our
kunkurs, ¢ carbonate of lime and clay,” and also sand, which is rarely
present, having been given, it might be thought that all that is needed in
order to classify them had been dvne. But this is not the case, because.
analyses of raw limestones rarely give perfectly accurate ideas of the
nature of the cementing material it will produce after burning, the degree
of bydraulicity often depending on the degree of combustion. A few
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simple ways of testing the burnt material will be, therefore, described.
The following test should not be applied to materials burnt by contrac-
tors, except for the sake of comparison, as pure cementing material is
not to be expected from those who can so safely adulterate their produce.
The Engineer should therefore burn departmentally, and, if possible
under his own eye, one or two hundred cubic feet of the raw material in
the ordinary conical kiln ; the fuel may be oopla in the proportion of 2
volumes oopla to 1 volume kunkur, during the hot season, and of 8 volumes
oopla to 1 volume kunkur during the coldest part of the winter. The
exterior of the kiln should be plastered with mud. When the kiln is
unloaded, a set of coolies supplied with baskets should be placed round it,
to pick up carefully from the ashes and make separate stacks,

1st, Of the kunkur, which is light and easy to break with the hand;

2nd, Of the kuukur, which is still hard and heavy;

8rd, Of the vitrified kunkur, to which adheres generally some kunkur
from which the carbonic acid has been completely expelled. When the
kiln is carefully made, the qualities 2 and 3, constitute only from 5 to 10
per cent. of the kunkar placed in the kiln, and they are useful in this way,
that they furnish samples of the material at various stages of burning,
and enable us to find by experiments at what stage of combustion the
burnt material gives the best cements.

‘When those samples have been selected, tried as to their power of slaking,
and tested with an acid to ascertain the presence or absence of carbonic
acid, they are subjected to simple experiments, the object of which is to
ascertain their hydraulicity or power of setting under water. For these
experiments Vicat’s needle (adapted to English measures by General
Gillmore, who gives of it a good description, and a drawing, and also the
results of many experiments) is certainly a useful instrument, but as it is
not to be found except in the office of men who make a regular business
of the study of limes and cements, we must try to do without it. A very
fair knowledge of the setting qualities, and of the ultimate degree of
induration of the kunkur at various stages of combustion, may be easily
obtained by making a good number of little balls, with every sample,
reduced to fine powder, marking these balls, placing them under water of
at various intervals of time, carefully examining them and recording
every step. An ordinary needle can be used to test the hardening action
and the feeling of more or less gentle pressure exerted by the hand, is
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eufficient to give an idea of the rapidity with which that action is going
on, The balls should be tried and examined in the above way for one or
two months, and the results carefully noted. After that time, the En-
gineer will be able to come to a conclusion as to which sample has given
the best result. It should be remarked here that it is not always the
sample which has set first, which at the end of one month and sometimes
more, proves to be the strongest.

‘When the Engineer has thus ascertained the principal components of
the material at hand, the degree of combustion which best suits the
materials, and the setting qualities of each by the above plain analysis
and experiments, he will be in possession of all the main points upon
which the subsequent arrangements for burning kunkurs and making
mortars and cements are to be founded. There are, however, other
details which it is useful to work out, such as the complete analysis
already mentioned, the resistance to pressure, to transverse strain, the
tenacity, &c., but these are rather within the province of special men who
ought to be in possession of all the apparatus required for finding snch
results.

If the ¢ Roorkee Treatise ”* and the various reports drawn up before
the year 1871, are consulted as regards the knowledge of the kunkurs,
and the cementing materials they produce, it is found that kunkur lime is
the general appellation under which all the varieties fall. The effects of
such generalization have been pointed out in page 117. The true appella-
tion of cements is therefore claimed for most of the burnt kunkurs. The
analyses given in the ¢ Roorkee Treatise,” Vol. 1, 2nd edition, para. 77,
and those given in the last number of the ¢ Roorkee Professional Papers,”
by Doctor Murray Thomson, F.R.S.E., furnish proofs of their right to be
called ¢ cements.” If these analyses are condensed in the two principal
sub-divisions of “ carbonate of lime and clay,” as in Table B., and if they
are compared to the types given by Vicat in Table A., most of them are
found to belong to the classes of cements. The *“ Roorkee Treatise ™ states,
that Vicat’s classification has been adopted; there is however some
difference between the percentages given by the Table A., and the percent-
ages given in para. 79 of the Treatise, 2nd edition, and the important type
of intermediate limes has been altogether omitted.

® These remarks refer to the 1st and 2nd Editions, In the 8rd Edition, later Experiments on
Kunkur Cements have been recorded.~lED.]
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TasLe A.
VIOAT’S DIVISION IN TYPES OF HYDRAULIC LIMES AND CEMENTS.
1 I 2 | s | a5 6| s ]| s
2§ ;| Sg | 58| 3. | o
AR IR W F i
Principal == | Ba | E2 | 8 e (53|28 | 88| §
components. o2 | S| Be =3 °= | 58| B9 | 8= 3 S
S5 |®E|wE|SE |5 |6 | % %8| % é
AR IR R
BE R & E 13 &5°
Unburnt Stone.
Carbonate of lime, ... ...| 89| 8| 80| 77| 78| 64| 55| 89 |164
Clay, ... e e 0er eee 11 17 20 23 27 86 | 45 6! {836

* Type 7 is not from Vicat, in wkose time the best type of cement had not been yet ascertained.

TasLe B.*
G1VING THE CLASSIFICATION OF KUNKURS ANALYSED AT ROORKEE.

Names of kunkurs, | O8FhODAteof | gy Clussification by Table A,
Ghazeepore kunkur,... 72 28 Type 5, cement inferior limit.
Lucknow, No. 1, ... 72:3 277 » » »

., No2 .. 70-2 298 " » »
» No. 3, ... 677 323 |Close to type 6, ordinary cement.
Saharunpore, No. 1,... 57'18 42-82 » » 1, Buperior cement.
» No. 2,... 7933 20'67 [Type 3, eminently hydraulic lime.
»  No.3,... 7854 2146 | ,, 4, bordering the intermediate
Allahabad,t 5280 4720 | ,, hm;;s-close to superior ccments,
Delhi, No. 1, 5349 4651 » » »
» No 2, l 2897 7103 |Between types 8 and 9.

Vicat and also Gillmore (whose work is a resumé of all the modern ex-

perience acquired in England, America, and France on limes and cements)

& The classification given in Table B. is based only on the elementary analyses of raw materials,
it requires therefore to be confirmed by the experiments described in page ' 122.

t From information received from Allahabad, it is ascertained that the Allababad and Delhi kun-
kurs ave very inferior, This fact might have been deducted from Dr. Murray Thomson's analyses,
which show that the proportion of silica being very great, the clays and consequently the burnt
kunkurs which contain them are very inferior.
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are the authorities on whom are based the opinions expressed in the
preceding pages. Natural ccment being almost exclusively used in the
United States, there cannot be a better guide for the Engineers of this
country, than the excellent book written by General Gillmore, and alluded
to before. For the opinions which are about to be brought forward on the
manufacture of artificial cement, the arguments will rest on the very able
report of Colonel Brownlow, R.E., dated 11th August, 1870, on the recent
works of the English and German Engineers and cement makers, Messrs.
Henry Reid and A. Lipowitz, and also on General Gillmore’s works.

When Colonel Brownlow wrote his report, he must have thought that
the value of kunkur as a cementing material was not sufficiently known,
a8 he recommended in para. 9 of his report that samples of burnt kunkur
should be made with"view to try their power of tenacity. This power has
not been yet tested, but the resistance to pressure of one kind of kunkur
cement has been tried in various ways, and the vesults will be found in
Table C. After 38 days, unrainmed, Bathala cement was crushed by
0-38 tons, or 860 bs. per square inch : and after 34 days, rammed Bathala
cement was crushed by 1520 lbs. or 0:68 ton. It is therefore equal to
Roman cement, according to Colonel Brownlow and other writers.

The problem put forward by Col. Brownlow, viz., that of making a
cement the strength of which should be about one-third the strength of
Portland cement, has been therefore solved without entering upon ex-
pensive experiments. We might therefore stop here, and think of nothing
else but the study of our varieties of kunkur cements, and the improvement
of their gualities; we should not then be in a worse position than the
United States, where according to Gillmore, natural cements are almost
exclusively used. But since the improvements in artificial cement making,
introduced lately in Germany, it has become possible to make Portland
cement wherever “ marl clay” in the absence of chalk, and * potter’s
clay ” in the absence of river clay are to be found, it has been thought
advisable, although not absolutely necessary, to begin initiatory experi-
ments on artificial cement.

Colonel Brownlow thonght that the cementing material which we
might make of slaked lime and clay, would not possess greater tenacity
than one-third of Portland cement; thisopinion is confirmed to some extent
by all authors who agree in classing such cementing material amongst
the hydraulic limes, and not amongst the cements. In such a case
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therefore, we would gain nothing by trying to make it. Besides, the
possibility of making and using such double kilned hydraulic lime, has been
tried in many places in India, and very successfully carried out at Kurra-
chee. We would, therefore, have only to walk in the footsteps of Mr.
Price, to produce an equally good hydraulic lime. One point, however,
remains doubtful with regard to the degree of combustion to which that
lime should be subjected. It has, as yet, been burned only to the same
extent that natural hydraulic limes are buraed: perhaps a superior degree
of combustion causing incipient vitrification would make it a cement.
This should be tried, but it is of much less importance than the making
of Portland cement with the marl and clays of localities far away from
the sources of stone lime.*

The great difficulty in the way of making cement is foreseen in para.
16 of Colonel Brownlow’s report, where the high degree of heat necessary
to produce a commencement of vitrification, and the various fuels at our
disposal are spoken of ; coal and consequently coke are not to be had in
the Punjab. The dearness of charcoal places it beyond our reach, wood
according to English experience will not do in the ordinary kiln, while
the oopla, which is first rate for burning natu.rél cements in the ordinary
rough conical clamps, fails completely to burn artificial cements in the
same clamps, and does not even burn natural cements well in the ordinary
perpetual kiln. If we had, thercfore, to employ the kiln used in England
for burning Portland, it is not likely that we should succeed in making
that cement. But Americans, are now using perpetual flume kilns in
which wood may be used as a fuel, and in which some cements are overburnt.
In these kilns the fuel is not mixed with the raw material, but is supplied to
two or more furnaces placed at the base, atid which are arranged in such a
way that the flames converge and meet in the centre of the kiln. The hole
through which the burnt material is drawn, is not on the same side as the

furnaces, so that there can be no admixture of ashes with the cement.

* The writer of this paper must not be understood to say that the double kilned hydraulic lime
ghould not be adopted anywhere. He believes on the contrary that there are places in India whore
it would be advant us and ical to make it: moreover he thinks, that as our wealth in
kunkur shall be quickly exhausted by road making, the double kilned hydraulic lime is likely to be
the cement of the future. What he means is, that he considers the feaxibility of such lime as &
settled question, and that all we have to do is tc improve on the prescnt manufacture, The problem
of cement munking which he has in view is to make artificial cement wherever marl, clay and wood
are to be had, wherever he could dispose of a small water power with which he could use the rough
native mills somewhat improved. If this problem was solved, small factories could be got up at a
small expense in the vicinity of important works, and the great cost of carriage would be
thereby saved.




REPORT ON EXPERIMENTS MADE ON KFNKUR, ETO. 127

The raw material alone, and not the fuel, has to be taken to the top of
the kiln, which makes & great saving in labor. More information than
can be given in this report, is to be found in Gillmore’s treatise, from
paras. 287 to 258. The design for the kiln which has been constructed
is based on this treatise. The plan, elevation, and section of the kiln,
are given in Plate XI.

The question of burning having been so far settled, the following ques-
tion occurs, viz., which of the two methods the English or the German,
the wet or the dry, method of mixing the ingredients ought to be adopted.
The advantages and disadvantages of both methods are very impartially
considered in detail by the English Engineer, Henry Reid in Chap. V. of
his work on Portland Cement, and it appears that space, time and labor
are greatly economised by the dry system. The most important of the
advantages of this last mentioned system is the getting rid of sand by
dissolving it with an ‘¢ alkali,” whereas by the wet system, sand has to be
extracted mechanically from the mixture by washing and deposition.
The dry method will therefore be adopted for the experiments.

In a few words, the manufacture will be carried on in this way.
Bathala kunkur and the clay in which it lies, will be (in the absence of all
others in the vicinity of Runiah) the ingredients chosen. These will be
broken into small fragments, dried, ground in hand-mills until they can
pass through a eieve of 60 meshes to the inch. The ingredients will be
then analysed and mixed so as the mixture may contain 55 per cent,
“ carbonate of lime.” The mixture will be passed through the mills
again, then mixed with ird of its bulk of water, and made into small
balls or little bricks. These balls will be sun-dried, for one day only, and
then placed in the kiln, where they will be submitted, at first to a very
low fire to complete the drying, and then burnt until & commencement of
vitrification takes place.

One hole is made in the kiln through which samples of the material
can be drawn and studied at various stages of burning. The times for
drawing the burnt material will be fixed according to the way in which
the kiln is found to act. The burnt cement will be broken to pieces by
hand labor, and ground in hand-mills, until it can pass through a sieve
No. 60 mesh. It will then be spread on a dry floor for about a week,
after which time it will be moulded into bricks, as recommended by Col.

Brownlow, and made also into little blocks, so that the power of tenacity
VOL. II,~—SECOND SERIES. T



Hay

‘ ‘the cement after seven days in water, and its power to resist conz
prossion and a transverse strain after forty days, may be ascertained,

In the above description, the alkali part of the dry process has been
neglected, for the presence of sand is not to be apprehended in the mate-
rials to be used. The alkalies are said by General Gillmore to play an
important part in the hydraulic induration. In para. 591 of his book, ho
says that ‘‘he presumes that the alkalies, particularly the potash, act
by first dissolving the silica, and then transferring it to lime, at the

KEPORT 0% @XPRRINENTS MADE ox KUNKOR, ETC.

same time that the water acts by dissolving the lime, and carrying it
to the silica.” He states also that all the American cements contain
more or less of the alkalics, sometimes caustic, and sometimes in the form
of chlorides of sodium or potassium, and that these chlorides are present
in their best natural cements. The German Engineer, Lipowitz, has
the same faith in alkalies, he recommends mixing some carbonate of
soda or potash with the water used, when the quantity present in the
ingredients is not sufficient: but contrary to General Gillmore’s ideas,
he does not recommend the use of chlorides of sodium or potassium,
because his experience teaches him that all cements containing chlor-
alkalics suffer most from the effects of the weather.

As the alkalies seem to be absent from our kunkurs, and many other
cements, it is presumed that their presence is not absolutely necessary.
The alkali part of the dry process will therefore be set aside unless,
as before stated, it is necossary to dissolve the silica in the state of sand
preseut in the mixture.

Part IL—So far back as 1816, Vicat made the piers of the bridge of
Sonillac with rammed béton, but it is only of late that béton has begun to
find some favor in England. The cause of this is, that concrete instead of
being made, like béton, of well slaked, good hydraulic lime, was made of
unslaked lime, the expansion of which while slaking must have destroyed
the homogencousness of the concrete. The custom of using unslaked
lime is said by Henry Reid and Gillmore to be getting into disrepute
in England, it would thercfore be of sdme advantage if the definition of
concrete given by the ¢ Roorkee Treatise ” was modified,* such definition
having become obsolete. (Roorkee Treatise, Vol. L., para. 123).

Concrete or béton might be defined as a masonry composed of an inert®
material, gravel, broken stone, broken kunkur or broken bricks, cemented

* It has been modified in the 3rd Editfon, ¢.v.—{ED.]
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by & hydraulic mortar which may or may not contain sand; and with
which has been mixed just as much water as is necessary for the chemi-
cal hydration of the lime: chemical affinity being called into action by
that hydration, the cohesion of the mass is completed by some kind of
pressure which brings the inert materials in close contact and favors
their being enclosed and held together by the crystallising or setting
cement. Incessant blows of rammers has been as yet the only kind of
pressure employed.

The proper volume of mortar or “ gang " necessary to cement the inert
materials is found by filling one measure (one cubic foot for instance)
with that material, and pouring on it from a graduated vessel the quan-
tity of water nccessary to fill the intervals; this volume of water gives
the volume of gang just necessary to cement the inert material used.
The volume so obtained ought to be increased by about 10 per cent.

From the above definition we learn that the elements of perfect con-
crete are—

1st. The best of the inert materials.

2nd. The best of cementing materials or gangs.

8rd. The exact quantity of water chemically reqnired for the hydra-
tion of the hydraulic lime or cement.

4th. Accurately measured relative quantities of inert material and
gang.

5th. Perfect mixture of the ingredients.

6th. Perfect ramming, which must fall many conditions.

It seems, therefore, from what precedes that making perfect concrete
is not a work so unscientific as it has been thonght to be by Ingineers,
who, having very good cementing materials at hand, succeeded in making
good monolithic structures without troubling themsclves about the other
important elements of best concrete work. It is true that if the cement-
ing material in a monolithic masonry be superior, a strength much beyond
the requirements may be obtained, although the excess of water of hy-
dration, imperfect mixture and inferior ramming, (which if carried to
perfection are the most expensive parts of the process,) may have left the
work so porous that rain-water could percolate through it (see R.E.
Papers for 1871, Vol. XIX., page 5). Time alone will show whether
it was safe to construct such porous masonry. As a fact bearing also
on the question, we may state the rejection by the London Board of
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Works of the Coignet system of manufacturing stones, a system which
is nothing else than an attempt to perfect concrete. When Coignet
offered to work for the Board he had already made more than 20 miles
of sewers in Paris and many other works of importance, so his system
had been proved-excellent. However the Board, being able to make its
porous, but very strong Portland cement concrete at less than half the cost
that Coignet could make his concrete stone, rejected his offer (Henry
Reid on Portland Cement, page 69). Coignet might have reduced the
cost of his concrete by using only good slow setting Portland cement and
increasing the proportion of sand, while the Board might have decreased
the porosity of its monolithic masonry by adopting Coignet’s ways of
hydrating and ramming.

The leading principles in the manufacture of concrete having been thus
explained, the vesults of experiments on specimens of béton made
with Bathala kunkur cement, burnt, unwashed, as gang, will be proceeded
with, If reference is made to Table C., three sets of results obtained at
three different epochs, will be found ; at the first trial, in which the speci-
mens are marked dry, because they had been about one week out of water,
the crushing weights oxhibit this, as yet, unnoticed fact that, with the
exception of sand and broken bricks, the inert material mixed with the
cement did not weaken it. Another fact, noticed in the previous report, is
that the ground mixture of bad sand and cement (a new way of treat-
ing cement and sand invented to utilise the bad sands of the Punjab, full
of slates of mica) which exhibited such strength afterwards,-here gave
the lowest weight as if to show its slow setting activity, It will be
very interesting to find out whether the grinding of the mica slates and
subsequent long immersion of the specimens in water favors the combina-
tion of the alkali contained in the mica with the fine particles of sand,
and the consequent partial silicatization and induration of the specimens,

At the second trial, made also on dry specimens, the neat cement
shows a great increase in strength and takes the first rank, although
exhibiting only a little more power than the specimens of cement mixed
with broken kuukur and with broken boulders. The ground mixture of
bad sand and cement begins to show its superiority over the unground
mixture, and obtains a crushing weight not much below that of the best
specimens. After obtaining the crushing weights of the dry samples, as
it was supposed that wetting them weakened their power, one specimen
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of each kind was crushed when thoroughly saturated with water, and the
results were such that it was decided to make all future experiments on
wet specimens. The specimens of bricks crushed had been kept six
months under water and then dried.

At the third trial, the dry specimens were few, but as far as the ques-
tion of ramming is concerned, they bring conclusive evidence of its effect,
more will be said about them further on, The crushing weights of the
wet specimens show almost equal powers in the samples IIL., IV., VL,
VIIL. The mixture of cement and broken boulders seems to be slightly
the best, while results obtained from many of the above-mentioned samples
reached one ton per square inch. The ground mixture of bad sand and
cement shows its superiority to the unground mixture, and proves that the
process of grinding improves the strength by 50 per cent., and brings the
ground mixture nearly to the standard of the best specimens. The sam-
ples of bricks had been kept 24 hours under water.

After these general remarks, the Table C. will be examined under the
different heads of—

Inert materials,

Mortar,

Hydration, .

Mixture of ingredients,

Ramming,
some suggestions being added to the results given in the various tables of
experiments.

The best of our inert materials appears to be split boulders; the cause
of this can be thus explained, that kunkur being much weaker than crys-
talline stone, a mass of fragments of hard stones, resting well on each other
and well held together, is likely to have a greater strength than a wass of
fragments of kunkur equally well held together. The weakest of the inert
materials is broken bricks, but this would give also very good results if
fragments of bricks in an incipient state of vitrification were employed.
The inert materials should be well soaked in water betore being mixed
with the gang, and it would improve them if they were soaked in a solu-
tion of water and cement. The proportion of two inert materials to one
eement anewered well, but as the size of inert materials differ greatly, the
proper proportion must be found as recommended in page 129 of this report.

Neat cement made the strongest mortar, If the cement employed is
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fast setting and cannot be therefore prepared beforehand, the setting
activity may be retarded by the mixture with it of an equal volume, or
less, stone lime, or by grinding with the cement an equal volume, or less,
rounded clean sand, full or not of mica slates. One volume of this mor-
tar could be mixed with about two volumes of inert materials, so that in
the case of sand mortar, the volumne of cement used would be about one-
sixth of the materials employed. This should be the lowest proportion
of natural cement adopted, and it must receive the best ramming. It will
be scen in examining the crushing weights given for Specimen IX., that
such a kind of mortar was experimented upon, the natural cement being
only two-fifteenths of the total volume. This proportion of cement was too
small for works subjected to much strain, and the crushing weights slightly
exceed only half a ton per square inch.

The quantity of water required varies extremely according to the state
of the weather, and according to the age and quality of the cement. Judg-
ing the quantity of water required, is an affair of habit which an intelligent
workman may perform well after a little practice. The wet gang must
appear quite incoherent, and if a handful of it is taken in the hand and
pressed, it must show some cohesive force without leaving dampness in
the hand. If a fast setting cement is used, just the quantity required on
the moment should be hydrated. The wetted mixture must be well shel-
tered.

On small works hand labor may be employed for making the mixture,

_but on extensive works it is advisable to use a pug-mill, when sand and
cement only are used ; and the ¢ betonniere” when an inert material of
some size is employed with the gang.

In the definition of concrete it has been shown what sort of action the
pressure of the rammer exerted on the mass acted upon. One of its well
known effects is to increase the specific gravity of the material rammed,
and consequently its power to resist pressure. The ramining should be
therefore carried on until the ultimate specific gravity and highest strength
are obtained. Practically however the general rule adopted is to stop the
ramming when the surface rammed is hard enough to resist the pressure
of the finger. Table C., and the last column of Table E., contain many
proofs of the effect of ramming. In Table C., at each trial, the rammed
cement shows a strength nearly double of the strength of the unrammed
cement, and when a European takes the rammer in hand, to show the
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native workman how to work, he imparts to the specimen he is acting
upon & strength nearly seven-tenths higher than the greatest strength ob-
tained by the native. Ramming which can make a specimen seventeen
months old, composed of natural cement and raw kunkur in the propor-
tion of 1 to 2, equal to specimens of Portland cement and sand, also in the
proportion of 1 to 2 and nine months old, ought not to be neglected.
General Gillmore compressed the specimens on which he made his experi-
ments with a power equal to 82 ths. per square inch. This power cannot be
reached by ordinary manual ramming. The rammers used at Algiers by
convicts weighed 24 Is., with a surface of about 24 square inches, falling
from a height of about six inches, they gave a pressure of about one and
a half pound per square inch, no account being taken of the power of the
workman who having such weight to work with for several hours could do
no more than lift it. Using such heavy rammers for concrete making is
not advisable in India,and 10 ibs. is about the mean weight which agrees best
with the strength of our coolies and with steady and intelligent ramming.
These 10 1. rammers lifted to a height of about 12 inches, and driven
down with some force, give the highest result to be obtained by hand labor,
but this isfar from the pressure which would make our concrete attain its
ultimate specific gravity. In the case of concrete block masonry, mechan-
jcal ramming or compressing could be contrived and substituted for direct
manual ramming, but in the case of monolithic arch masonry, the difficul-
ties re-appear, and ramming must be to some extent neglected, the loss of
strength being then redeemed by the use of the very best cementing material.

As a part of the question of ramming comes that of good joints. The
less the water used to hydrate the cement, the greater is the difficulty of
making good joints. When the minimum of water is used, the surface
just rammed having attained great hardness must be thoroughly scratched
to ensure its being well intermixed with the next layer. The wetter the
surface rammed is, the softer it is and consequently the less scratching is
required to bring about the thorough joining of the two layers. It should
be remarked here that the use of fast setting cement is dangerous for the
joints, as the surface rammed quickly sets, and the scratching of it des-
troys the setting action and weakens the concrete just at the joint.

Some comparisons will now be drawn between our results and those
given in the other tables. The only comparisons that we can establish
between the crushing weights given in the Tables C. and D. are those in



184 REPORT ON EXPERIMENTS MADE ON KUNKUR, ETC.

which neat cement or cement and sand are concerned. Looking at the
result given by the dry Specimen IIIL of the second trial, age six and &
half months, and the crushing weight of neat Portland cement atsix months,
it is found that nearly half the strength of Portland cement has been
attained by our natural cement, and that the ground mixture of two cement
to three sand is stronger than one Portland cement to four sand; it is
found also that our neat cement at six months has attained the strength
of Portland stone, which is greatly exceeded afterwards by Specimen V. of
the third trial.

If the Tables C. and E. are now compared, it is seen that our crushing
weights can bear comparison with those of most of the calcareous stones
used in France for building. Table E. shows also that the ultimate limits
of resistance to crushing that we should wish to attain lies between two
and two and a balf tons per square inch.

The Coignet system of manufacturing stones, which was said to be an
attempt to perfect concrete will now be described. The stone is com-
posed of eminently hydraulic lime and sand, or if that lime is not pro-
curable of the best lime to be bad, cement and sand. The proportion of
cementing material to sand varies from 1 to 2 to 1 to 3. English Port-
land cement is used in preference, but it is employed only with the object
of improving the lime, so more lime than cement is introduced in the
mixture. One of the objects being to produce a strong stone whose ex-
ternal appearance is pleasant to the eye, and imitates natural sandstones
as much as possible, gray quartzose sand from 1-23rd to 1-16th of an inch
thickness are alone employed, yellow argillaceous sands being avoided.
No gravel, pebbles or very coarse sand are used, for each would give a
coarse appearance to the stone, would necessitate the employment of iron
moulds and might injure the pug-mill. The materials are first mixed
on the ground by shovelling, and then thrown in the png-mill together
with a certain amount of water which is variable, but which gives to the
stone paste the appearance of an incoherent sand mortar. Since to ob-
tain a. perfect mixture the materials have to pass two or three times
through the pug-mill, this part of the process cannot be considered as
perfection, and there are pug-mills which could perform a perfect mixture
in one operation. The hydration performed by foremen accustomed to
the work is 80 near the correct thing, that water does not ooze out of the

- surface rammed, and does not cause any cohesion to take place between
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the stone and the faces of the mould. .Such cohesion always brought on
by the access of water spoils the external appearance of the stone, which
if taken too soon out of the mould, is sure to leave part of its sides and
angles sticking to the faces of the box. The prepared stone paste is
stacked, covered with a wet cloth, and gradually carried to the moulds in
which it is rammed in thin layers of about half an inch for fine stones,
but for monolithic masonry, the thickness is much greater. The surface
is rammed until it is hard to the touch, it is then scratched with an iron
rake, the next layer put in the box, where it is distributed as evenly as
possible with the hand, after which the ramming is resumed.

The rammers are made of strong wood, shod with iron, the ramming
surface being about 9 x 4 = 36 square inches. Their height is one foot,
and their elevation prevents the appearance of a trapezoid, the parallel
sides being respectively 9 and 4 inches, and the non-paralle! sides being
slightly curved. For slanting surfaces, rammers, 3 inches high, with
ramming surfaces 12 X 7 inches and oblique handles are employed. The
moulds are made so as to be easily taken to picces, they stand on a plat-
form, which is firmly resting on a layer of sand at least 6 inches thick.
The sand effectually checks the vibration caused by the blows of the ram-
mer, and when the fresh stones are turned on the yielding sand, they do
not run any risk of being damaged. The ordinary stones are taken im-
mediately out of the mould, the finest are kept one night in it, they are
left for a week in the shade, and water is sprinkled over them twice a day
from the second day after manufacture.

It is easy to infer from what precedes, that Coignet has done cverything
that he could to produce a concretc stone strong, and of fine appear-
ance, His preference for eminently hydraulic limes shared by many French
Engineevs comes, it is presumed, from its relative cheapness, and from
the fact that it is yet a matter of uncertainty whether the eminently
hydraulic limes do not give as good results as the best cements, they
are certainly much more safe to use than the fast setting natural ce-
ments. His reason for preferring good sand to any other inert material
has been explained. It is especially by using a minimum of water
and ramming thoroughly, that he succeeded in making stones pos-
gessed of a minimum of porosity, or in other words, a minimum of spe-
cific gravity, a great advantage when the dissolving action of rain
water charged with carbonic acid is taken in account. Coignet might

VOL. I1.—SECOND SERIES, v
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have further improved his system by making his stone with machinery;
but with the help of European workmen, with plenty of cheap and good
slow-setting cementing materials and in the mild temperature of Europe,
he succeeded so easily in making fine monolithic masonry and reliable
joints, that it is presumed he could not see the necessity for using on a
larger scale, blocks of concrete made by machines. The circumstances
in which we are placed in India being very different from those in which
Coignet was placed in Europe, the advice of Henry Reid to rely only on-
block masonry should be adopted for large and important works, monoli-
thic masonry being used only for minor work, the surface exposed to rain
water being well cemented to prevent percolation.

To RecarituLaTk.—In the first part, the various degrees of wetness of
mortar under different circumstances have been examined ; the importance
of the classification of our burnt kunkurs has been pointed out, and prac-
tical ways of finding out the class to which each particular burnt kunkur
belongs have been given; lastly the question of artificial cement is con-
sidered in some of its details, and a short description of the manner in
which the experimental manufacture will be conducted is detailed.

In the second part the qualities of the various inert materials and the
way to utilise the bad sand of the Punjab have been shown ; the dangers
accompanying the use of fast setting natural cements are indicated, and
various ways of relarding their setting activity have been given; the
effects on the specific gravity of the concrete resulting from the degree
of hydration, and from the degree of ramming have been pointed out,
many unknown precautions attending good ramming, making good joints
and handling blocks have been detailed; an endeavour hias been made there-
fore to explain everything which was yet obscure and undefined in the

theory acd practice of concrete making,
A N.
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No. LXXIII.

- RETROGRESSION OF LEVEL IN CANALS.
Vide Plate XII.

By E. A. Sisorp, Esq., Erec. Engineer, Sirkind Canal,

Curring back is an evil that is costly to remedy, espeéially if ‘compre-
hensive measures are not taken to check it at the beginning, This paper
only treats of irrigation canals, where it is economy to carry water at the
greatest velocity that the soil and slope of the country admit of, The
Ganges and Baree Doab Canals are examples of the two largest irrigating
canals. The profits of both have been seriously diminished by the yearly
expenditure in protecting the masonry works against cutting back.

The following theory is based on observations of the state of the bed
of the Baree Doab Canal at different times, and different places, and the
effects of different systems of protective works.

Given a length of earthen channel between two masonry points. If the
velocity in contact with the bottom is greater than the soil can stand,
cutting commences, It is evident that in a straight channel with the
stream “ in train,” the greatest surface and bottom velocities are in mid-
stream, and therefore cutting will commence there first. Every inch cut
here, increases the depth at this point, and consequently the bottom velo-
city. With an increase of velocity and area in mid-channel, there must
be a corresponding decrease of velocity towards either bank, the cutting
having commenced and localized itself, it is also evident action on the line
selected, is intensified in the ratio (¢ + d)2

In Fig. 1, let AB be the given length of earthen channel.

If the soil was the same in every foot between A and B, a gullet E,
Fig. 4, would be formed in mid-channel, on a lower level, and a smaller
declivity, This gullet may be represented by the line CD, Fig 1, Whether

Lad



142 RETROGRESSION OF LEVEL IN CANALS.

the gullet ABCD will run up to B as in Fig. 1, or work into slope as
originally projected before reaching B, as in Fig. 2, will depend upon cir-
cumstances that will be referred to furtRer on.

The difference of declivity on the line AB and the line CD, will represent
the rapid that will be formed eventually on the masonry bar A.

In the above, I have supposed the quality of the soil in every foot of the
channel to be the same, and the result a uniform gullet. It would be im-
probable that the tenacity of the soil could be the same in every portion.
The consequence is that the gullet will not be on a uniform level, and the
change of level wherever the tenacity varies is distinguished by a rapid,
vide a, b and ¢, Fig. 2. In the abrupt change from an upper to a lower
level of the gullet the stream is contracted, and the dispersion of the
threads of the stream after contraction tends to scoop out a basin below.

Fig. 2, gives what may be called the second stage of cutting back ;
breaks in the level of the gullet occurring at a, b and c. At the toe
of the crest of the fall or rapid at each break, we find a pear-shaped cistern
or hole, formed by the fan-like dispersion of the threads of the stream on
quitting the higher level.

Now take the breaks a and b, Fig. 5, from Fig. 2. If the soil at b
could not stand the velocity due to projected slope, it could not stand the
higher velocity on the rapid, and therefore in a given time the portion
bedh will be cut away, and the deflected threads not requiring the space
¢, ¢,f, g, this area will be silted up. When the point b recedes to the point
a by gradual erosion, and a again to the bar A above the bed between A
and B, Fig. 3, may be said to have acquired permanently the declivity best
adapted to carry the ordinary discharge.

The successive basins formed during the retrogression of & to a, by
necessarily having the axis EF, Fig. 7, much larger than the width of the
gullet, serve to widen the channel on the lower bed; otherwise channelling
would simply wear a semi-circular section in the projected bed. These
holes therefore so far from doing mischief are very useful, for they check
the tendency to a semi-circular section, which with large bodies of water,
would require that nearly every inch of fall should be provided for by

" masonry overfalls.

On the Baree Doab Canal the first appearance of retrogression was dis-
tinguished by a slight deepening of channel usually in mid-stream, and
soon after by small rapids at various points, and by the scouring out of
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large holes. Fascines, kiln refuse, lines of stakes, wattling, and large trees
were tried year after year, but nothing appeared to check the retrogression
of level. Wherever the minor rapids have worked back and formed one
large rapid at the up-stream masonry bar, these holes have silted up, and
there is now a uniform bed on a lower level as C, D, Fiig. 1. The scouring
out of holes is only an accident due to the formation of rapids, and it is
only a waste of money to try and check them,

My observations show that the holes do less good where there is a stra-
tum of kunkur or a tenacious soil. It is almost a paradox, but channel-
ling appears to be most formidablein good soil. The soil of reach shown
in Fig. 8, is better than that of Fig. 1, yet the retrogression in the former
is 6-9 feet, and in the latter 3-2 feet. Inlight soils the sides fall in, and
prevent the tendency to a very deep stream. There is an example of this
in the reach above Dharewal fall, the soil here is much worse than that of
Figs. 1 and 2.

The following will probably give the key to the above paradox. The
dimensions of section Fig. 4 are—

Width of bed, 84 feet.
Bide slopes, 1'5 to 1.
Depth of water, 5-0 feet.
Declivity, 1 n 2,500.

A semi-circular channel of the same area will give the same discharge
on a declivity of 1 in 9,338. That there is a difference is of course well
known, but its importance has been, I think, overlooked.

In both cross sections we have the same area, and the same discharge,
80 it is evident that the mean velocity must be the same. At the same
time the range between maximum and minimum velocities in the right
lined section is more, and in the semi-circular seotion less, therefore the
mean velocity in the latter section would be a safer guide to estimate
effect on bed than in the former.

With reference to Fig 1, it was left undetermined whether D would
vanish or not at B. It will vanish at B if the declivity below B is not so
sharp as to cause a draw, or if there is a properly constructed overfall at
B. If in channel BC, Fig. 6, & weir is built, it is a mistake to suppose
that the water in prism ABC is dead. Any change from a higher to a
smaller velocity causes dispersion, and a contraction of the stream tukes

place on the velocity being inoreased. The weir AB causes dispersion
VOL. I1.—SECOND SERIES, x
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at D and contraction at A, so that D, E, A, F represents running
water. }

If the theory of retrogression of level is correct, the adoption of inter-
mediate overfalls to arrest it would require such overfalls to be high
enough to practically convert the several reaches of a canal into still
water reservoirs. Such an expedient would obviously be very costly, and
especially 5o in lockages, if navigation had to be provided for.

E A 8.
Roorur,

March 4th, 1873.
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No. LXXIV.
QUANTITY OF WATER FOR VARIOUS CROPS.

Report on Experiments for ascertaining the quantity of Water required
Jor Irrigating various Crops in Rajpootana. By. W. W. CULCHETH,
Esq., C.E., Exec. Engineer, Beawar.

Report on the observations made on Irrigation from Wells at Beawur during
the cold season of 1871-72.

April, 1872.
Tag observations were commenced in October last, when irrigation for
the rubbee first began. Two wells were selected at a convenient distance
from the city for observation. One was worked by a churrus or mét,
and the other by-a Persian wheel. The accompanying statements (three
in number) contain the results of observations.

A careful man was employed all through the season to count the number
of mbts in one case, and the number of hours of working in the other, and
to note the area each day irrigated. The latter was checked at the end
of the season, by measuring the whole area, and multiplying it by the
namber of waterings.

The discharges were measured by means of an iron cylinder, near the
bottom of which are three holes of different sizes. The middle one,
which was used in these observations, is 1-64 inches in diameter, and the
average head of water above centre of orifice was 10 inches for the chur-
rus, and 12 ipohes for the Persian wheel. By D'Aubuisson’s formula,
‘D = 8:9066d? o/ 7 the discharges are ‘067 cubic feet per second for the
mot, and -073 cubic feet with the Persian wheel. As there were 66
modts drawn in an hour when the above discharge was messured, the
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contents of each churrus (as far as available for irrigation) are 8:6 cubic
feet. The actnal contents of the mot and the buckets of the Persian
wheel were not measured, a8 only the water delivered into the water-
course leading to the fields was available for irrigation. '

The actual areas irrigated were 19} beeghas by the Persian wheel,
and 94 beegahs by the churrus or mét. A rubbee crop was grown on
the former, and the same on 8% beeghas of the latter, while § were
occupied by vegetables; the two beegahs whic h are shown as kbureef
were afterwards used for rubbee. All the fields with rubbee were
watered six times, and many of them seven times, the vegetailes were
watered several times and cut, after which others were put down and
watered nine or ten times up to the end of March, since which the obser-
vations have been discontinued, as the rubbee crops were then being cut.

Tabular Statement, No. 1, shows a great similarity in the average
gnantity of water required per beegah for different crops. The quantity
each month, however, varies, less being required in the latter part of the
season, probably owing to the greater frequency of the waterings. No. 2
shows a similar result in cubic feet, and gives the depth of each watering
in inches; this is very similar in the two modes of irrigation. No. 8
shows the total quantity of water used during the season and the depth,

The main object of these observations was to ascertain the qnantity of
water required for irrigation. From No. 8 it appears that 29,579 cubic
feet were used per acre by the Persian wheel, and 36,357 cubic feet by the
mét, or an average of nearly 33,000 cubic feet, which represents a depth
of nine inches for the rubbee crops: 76,108 cubic feet were used for
vegetables during the same time. Each watering was on the average 1§
inches by both methods of irrigation, and for both crops, but more was
required at the commencement of the season, and less later. This was,
doubtless, to a great extent, owing to the fact of the ground becoming
hard from repeated waterings,

It is not the custom to make the beds (£yarees) go small for tank and
canal irrigation, as for well irrigation. The latter mode necessitates con-
stant labor to raise the water as required, whereas the former generally
supplies the water so as to flow over the ground in a continuous stream,
without the necessity for any supervision beyond what is required to
divert it into the various fields, Water from welle is obtained with.
dificulty, and in small quantities, and is, therefore, used with osre,.
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whereas that from tanks and canals, flow generally in a larger stream,
and requires very little labor ; it is, therefore, used more freely and often
wasted even. This must be considered when comparing well with tank
irrigation, the rame duty must not be expected from a given quantity of
water stored in a tank, as from the same quantity raised out of wells.

Under these circumstances 1 do not think these observations will war-
rant less than one foot in depth, being taken as necessary for rubbee irri-
gation, when considering a tank project. Vegetables are seldom grown
in considerable quantities, or away from a large town, and need not be
taken special note of.

It may also be worth noting that, ronghly speaking, one-fourth of the
whole quantity of water is used during October, November and December,
and one-fourth during each of the remaining months,

In conclusion, I would recommend a continuation of the observations
during the next khureef and the following rubbee. The experience of
the past season will be a valuable guide for the future. It would be
interesting to ascertain whether the fewer waterings which are sometimes
given, take less water altogether. It seems probable that each watering
would be heavier, as these observations show to have been the case at
the commencement of the season. One well might be selected with a
view of deciding this, a not uniwportant point.
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150 QUANTITY OF WATER FOR VARIOUS CROPS.

No. 8.

TasLe showing the total quantity and the depth of water used during
the whole season, viz., from October 1871 to March 1872, inclusive.

AREA TR- | QUANTITY OF WATER (§ g
RIGATED USED. s _g
E]
Mode of irrigation. | Crop.| % g gg Py § E-g.:; Remarks.
2 W g
5 & 8 g
£l5|28) 8% | & kit
By Persian wheel, | Rub-| 19}{7-70| ... [227,758)|29,579] 8:15 | Average quantity
bee }f)er acre, 82,968 c.
eet,

Ot

By mét orchurrus, | , 84(3-45 |34,842/125,431(36,357{10°02 | Average depth per

acre, 9:08 inches,

» » Vege-
table| | ‘85| 7,399| 26,636/76,103(20°97 | During six months,
October to March,
inclusive.

Note by Masor J. M. WirrL1aus, Exec. Engineer, Ajmere Irrgn. Division.

These experiments were conducted with great care, and under the
immediate supervision of Mr. Culcheth, and during the period of his
absence on leave by Overseer Sergeant Houghton, a most careful subor-
dinate who held temporary charge of the sub-division.

The crops irrigated consisted as follows :—

Wheat, . . . . . 5 beegahs,
Gojee, .o .o .o .o .o 22*

Total rubbee crop .. 273
Vegetables, .. o ve

”
. . %

It will be seen from Mr. Culcheth’s report that the average quantity
of water per acre required for the rubbee crop was 82,968 cubic feet,
and the average depth 9-08 inches, delivered in about seven waterings of
14 inch each.

Vegetables required more then double this quantity of water, but for
all general purposes of irrigation these may be left out of the account.

Mr. Culcheth explains that the beds (kyarees) in fields under well
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irrigation are made very much smaller than for tank or canal irrigation,
and for that reason the observations which have now been made will not
warrant less than one foot in depth of water being taken &s necessary
for rubbee irvigation when considering a tank project. *

In this I entirely concur, since the saving in water is two-fold in irri-
gation from wells, as compared with that from tanks:—

(1) In well irrigation the water lies on the beds of the fields, where
they are of so small dimensions, forming almost a series of level terraces,
so that nearly, if uot all, the depth of water given to each bed is absorbed
in ¢ gite ” instead of rapidly running off as in the case of tank irrigation,
where the divieions of the fields are generally a considerable distance
apart down the slope of the land.

(2). As raising water from wells involves considerable labor, the
zemindars will only use as much water as may be absolutely necessary
to mature the crops, instead of letting it run to waste as constantly is
the case in tank irrigation.

I consider, however, that, in other vespects, the results arrived at from
these observations may be relied upon, and that they really indicate the
quantity of water which, under favorable circumstances, is sufficient for a
rubbee crop.

The experiments must, however, be extended to tank irrigation. It
was too late last year when the experiments were commenced to do this,
as time was requisite to make the necessary preparations to conduct the
experiments satisfactorily.

Some of the tanks in the Bulad Catchment have been contoured, and
steps will be at once taken to conduct experiments on these tanks through
the approaching khureef and the ensuing rubbee cultivation.

Note by the Superintending Engineer, Rajpootana. -

The results are precisely those which all my enquiries on the subject
from cultivators and zemindars have constantly elicited, viz., 1 foot for
the rubbee, and what is not yet experimented on here, 6 inches for the
khureef. This is also the result of Colonel Brooke’s long enquiries and
experience on this subject.

There are numerous sources of error in letting the water fall into an
iron receptacle with three holes, into which the churrus rapidly pours itself,

VOl. 11,—BTCOND EERIES, Y
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and then entirely ceases, filling the cylinder to brim, and then letting it

sink to zero.

. "The Exocutive Engineer should adopt a more correct gauge, as & ma-

sonry chahinel at part of the run, having a well which will contain 15 to
30 churruses and so measure these, and

_r_—L_ * thus get at the lift per hour.
»— This could be again, and continually
_l____r—_ at any time of the day, checked by gang-
ing at A with a thin-edged waste board,
whilst the flow would be somewhat equa-

lized by the water having to run along
a channel and pass over the field reservoir

= A

—_— 2

after leaving the churrus.

The Executive Engineer will be directed to at once arrange for a more
perfect experiment both for a tank and wells, beginning with the khureef
in end of June, and ending with the rabbee in March.

The results here obtained are :—In the case of well water—

1.—The rubbee crops required 6 to 7 waterings.

2.—The acre of rubbee took a total depth of 9 inches.

8.—Therefore each watering=1% inches in depth.

4.—The storage required per acre = 83,000 cubic feet.

5.—Of which about a fourth only of whole suppiy was given during
the first three months, and about a fourth during each of the
last three months.

The figures per month, per acre, are in round numbers— .
Cubic feat. Cubio feet.
Qctober, . . .+ 17,000 | January, .. . .. 10,100

November, . e «» 2,000 | February, . . . 8,200
December, v . .« 4,100 | March, o . « 6,900

Total, .. 7,800 Total, .. 25200
\__ _— )

Total, 83,000
The Chief Commissioner says, that the reasons the waterings go fur-
ther month by month is that the ground is kept moist and sheltered from
the sun by the crops.
There is no doubt that for tank irrigation we must allow an increase
on these figures, though, I think, 12 inches, or one-third more, is high
if this experiment gives anything like correct data.
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No. LXXYV,

TRANSVERSE STRAIN IN PILLARS.

By Carr. ALLaN CunNiNGHAM, R.E., Ion. Fellow of King’s Col. Lond.

It is sometimes required to ascertain the actual intensity of Longitu-
dinal Stress produced in a Heavy Vertical Pillar by the action of applied

Transverse Forces.

[The ordinary Text-books do not usually contain a solution of this question, except
for material whose cxtension and contraction under egual Tensile and Crushing
Load respectively are equal].

The general solution of this problem depends in general on the relative
powers of resistance to stretching and crushing, and does not adwit of
reduction to a simple algebraic form.

There is one case, however, and that the most useful, in which it admits
of easy solution, viz., “when the actual stress over any cross-section is
all of one kind "—(this would usually be Pressure)—by aid of the follow-
ing Proposition, which will now be proved.

Proposition.—In a Heavy Vertical Cylindric Pillar under Transverse
Btrain (due to uppiied Horizontal Forces), the Greatest and Least inten-
sities of the Longitudinal Stress produced at any cross-section are inde-
pendent of the Tenacity of the material, so long as the actual stress is
all of one kind (pressure), and are therefore the same for all material
which is capable of bearing a  uniformly-varying” strain—provided also
that the elastic limit for crushing strain be not exceeded.

[This proposition, viz., that, if there be no Tension, the Greatest and Least
intensities of Pressure are independent of the Tenacity, and also the same for all

material, seems almost self-evident. On account of its interest and importance how-
ever s formal demonstration is advisable.}
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Take any (horizontal) cross-section as AB.
Let W = Total Load or Weight above AB--(which is uniformiy dis-
Vertioal Section through Centre of  tributed over AB, because the Pillar

Gravity of Pullar. is “ eylindric ).
= Area of Cross-Section AB,
% Aﬂ"l"‘z! m ee. Po = Mean intensity of Longi-
—== tudinal Stress over that
k|1 area. ‘
'§: Then p, = %, always—;i. e., in-
b__i___———"' dependently of distribution and a-
B ¢ v A mount of any Transverse (horizontal)
E[ﬁ forces,—and is PuEssuRE.
" The effect of applied Transverse

Force is to alter the distribution of
Vertical Stress—(lut not to alter the magnitude of the Resultant of
Vertical Stress which remains the constant Pressore W) :—

If the applied Transverse Force be small, its effect is to diminish the
pressure on the near side (B), and increase it on the fur side (A): this
variation of pressure increases with an increase in the Transverse Force,
and may eventually produce Teusion on the near side: .

It is proposed to limit this Papar to the consideration of the case when
only pressure is produced—on account of the simplicity of the result.

It is assumed by almost universal consent of Lngineers that the actual
Btrain (contraction of the material) is a ¢ uniformly-varying ” Strain, i.e.,
that the contraction at any point of the cross-section AB is simply propor-
tional to the distance of that point from a certain fixed line, usually called
the ‘“ neatral axis” in the plane AB; also that within the elastic limit the
Stress is simply proportional to the Strain. Hence if O be the position in
the Diagram of the “ neutral axis” in the cross-section AB, the Trapezoid
AabB is a vertical section of the ¢ Strain-prism”, and is also a graphie
representation of the Stress.

Let H=Resultant of applied Horizontal Forces.
R =Total Resistance (i.e., Longitudinal Stress) over the crogs-section AB,

M, = Moment of Loads (W), axis” in cross-section

Let My = Moment of Horizontal Forces (H},} about the ¢ neutral
M, = Moment of Resistances, AB.
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G be the centre of gravity of section AB.

g be the Centre of Stress.

O be the position (in vertical section through G) of the * neutral
axis” or “line of no Stress.”

z = 0G,a = GA, 3 = GB, z, = Og.

o> = Stress-intensity at unit distance from neutral axis.

p' = Greatest Stress-intensity (at A).

p” = Least Stress-intensity (at B).

I = Moment of inertia of area A about the neutral axis.

I, = Moment of inertia of area A about an axis through its
centre of gravity (G) parallel to the neutral axis.

[The several units of length, weight, &c.,should be the same throughout]
Then by principles of equilibrinm—

Rozg= M, + W.7 crrrerereres ceee one @).

Also by ordinary rules for uniformly-varying pressure (as for fluid
pressure).

R= = Z.A ciciiiiriiiiiiiin rnccinrenenneen (8)
Roz,=wI=a, + A.z2?) ceerenees o seeees (4).
S TT T A = Wittt cereeneneseenes seonanes (5).
SFLh+wA. =M, + W z........ eeer senene (6).
= M; + @ A.7} from (5).
Swl, = My, whence w = L-:—" N (4 8
But since the stress is *“ uniformly-varying,”
, - w
p=m‘.(z+n)=-z-+]%’.a ..... sesssesasines veee (8).
- w M
P==.-f) =% — »l—:’— B oeiiiiiiennn. (9).

Now these results (8) and (9) are independent of the *quality” of
material at the section, so the Proposition is proved.

These results must therefore (being independent of the material) be the
same as would be found by simply adding the uniform pressure p, = %

to the Btress-intensities at opposite sides of a (weightless) Cantilever of

“isotropic” material, 4. ¢., material whose Moduli of Tensile and Crushing
Elasticity are equal.
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By the usual rules* for Cantilevers of ¢ isotropic” material,

Crushing Stress-intensity at A = l—f:"— a

Tensile Stress-intensity at B = le—: B

Adding the uniform pressure p, = '{—- to each of these, there results
a8 before,

, w M

p = X + To'n- L eeessnccessssstcccnnccsnnsscnsnes (8)-.
» w M,

p = I -— Ton. seeccssssssesercettseseenvessser (9):

The practical use of this proposition is that it enables the compara-
tively familiar Rules applicable to ¢ isotropic” material to be applied to any
material within the limit—* Stress all of one sign ",

[ The applicability of the Proposition in any case will of course be indicated by the
results p', #”, which must be of the same sign].

The Proposition is peculiarly applicable to Masonry Structures simply
set in Mortar, whose resistance to tearing apart (in a vertical direction) is
generally so very small that English practicet is to place no dependence on
the Tenacity of the mortar: in such structures, therefore, all Stress should
(for safety) be Pressure, in which case the Proposition is certainly
applicable.

It may be casily seen that Results (8) and (9) are always applicable to
Pillars of “isotropic” malerial, (2. e., whether the Stress be entirely of
one kind, or partly Tension, partly Compression), because the very same
original equations (1), (2), (3), (4), are still applicable ; but these results
are not applicable generally to other material, because Eq. (8) and (4) are
applicable only in the cases stated, viz.; (1), to all material capable of
bearing uniformly-varying Strain, when the Strain is all of one sign;
(2), to «isotropic ” material, whether the Strain be of one kind or of both
kinds.

[1t is supposed of course that the Length of the Pillar is not so great compared
with its diameter as to make it liable to fail by bending under the Vertical Load alone,

as the Rules for Strength of such very long Pillars are complex} even under Verti~
cal Load only].

¢ Rankine’s Civil Engineering, Art. 162,
t Rankine's Civil Engineering, Art. 263,
$ Roorkee Treatise ot Civil Engineering, Vol 1., 8rd Edition, Chap, XXIII.
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No. LXXVI.
MASONRY CONDUITS VERSUS IRON PIPES.
By Masor Hercror Turrocu, R.E.

(From  The Water-supply of Bombay.”’)

As in every project for the water-supply of Bombay hitherto submitted,
it has been proposed to construct the dams of the reservoirs of earth, and
indeed been almost silently assumed that no other material for works
of this class could be adopted, so likewise in every project has it been
proposed to bring the water from the reservoir to Bombay in iron or steel*
pipes, nor have any other means of effecting this object been sug-

* T have taken gomo trouble to ascertain what would be the rclative cost of steel mains as com-
pared with cast-iron ones, At any particular time the cost will, of course, vary according to the
state of the market at that timo. But, gencrally, it may be assumed that a steel main, about one-
quarter the thickness of an iron one, will cost as much as the latter. Steel plates could be convey-
ed up country very much more easily than iron pipes, and there would be some saving in the item
of transit, by employing the former ; but T cannot recommend their uso. It must be remembered
that steel corrodes under the action of water much more rapidly than cast-iron, and that for the
same money, there would be four times as much metal in pipes made of cast-iron, as there would be
in those of steel. Under these circumstances, of course, cast-iron would last much longer. First
cost, moreover, in cases of this kind. should not be conwidered as the only point. The expense of
renewal and maintenance are important items, and, when these are calculated, the superiority of
cast-iron declares itself forcibly. I should add that my statement regarding the more rapid corro-
slon of steel is not based on my general acquaintance with the use of this metal, but that it is the
positive opinion of one of the largest steel manufacturing firme in England, who were consulted
on the subject. Although it would have been manifestly to the advantage of this firm to have
recommended the use of steel, they could not conscientiously do so. One fact of this kind is more
oonvincing, than a vol of g 1 arg te. If the use of steel were ever to be contemplated,
§t would be well to specify in the contract that all plates worn out or found defective within a cer-
tain perlod, eay five or six years, must be made good at the contractor's expense. The insertion of
@ clause to this effect, would produce tenders which would, at once show what confidence was
placed in the power of steel to resiat the action of corrosion,

1 should not omit to mention that as far as can be ascertained, no steel maine have yet been laid
down in England. If there were, an advantage in the use of steel over cast-iron, we might surely
expect o find it used where it is produced,
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gested. Having already shown® the inadvisability of constructing dams
of earth in the Concan, where no good clay is to be obtained, I will now
show the inadvisability of bringing the water in metal pipes, or rather, as
these must of necessity be employed to some extent, I will show the
advantage of restricting their use as much as possible.

In the first place the size of iron mains, and consequently the quantity
of water deliverable by a single liue of pipes, is limited. I believe the
largest main yet put down has not exceeded four, or at the utmost four
and a half feet in diameter. The reason why we are confined to about
this size is that, if we make them larger, the pipes become too heavy and
unwieldy to be carried across country, But it is an advantage to have
them as long as possible, because, the longer each pipe is, the fewer are
the joiuts in the entire line, and the less is the cost of laying down. All
the smaller sized pipes, therefore, are casi in twelve feet lengths, and
they are not founl inconvenient either to carry or to fix. DBut when the
size increases to three and four feet in diameter, and especially if the
pipes are to be tuken to a rough country, and laid along a line where
there are no roads, it becomes necessary to cast them shorter, or in
about nine-feet lengths. This reduces the individaal weight of each, and
makes it more manageable, but the effect is that in the entire line, four
joints become necessary, where three only sufficed before. Every extra
joint, moreover, is equivalent in weight and cost to one-foot length of
the pipe. Although, therefore, each pipe is lighter and costs less, the
whole line is heavier and costs more. Thus an advantage secured in one
direction is partially counterbalanced by a disadvantage appearing in
another. Besides, the joints being those points in the line where leaks
are most likely to occur, and which have to be made with special care,
every ex‘ra joint simply adds to the chances of the waste of water, as
well as to the expense. These considerations, therefore, prove to me that
we cannot, in order to make our large pipes lighter, shorten them to any
great extent.

This being the case, the importance of the point with which I started,
will now be appreciated. If we are limited in the size of our mains, we
sre practically limited in our supply of water. Some may reply that
there is no engineering reason why two or a dozen mains should not be
1aid down; that, although it may be the case that we cannot have one

® Vide Professional Papers, Second Series, No. LXVIII.
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main larger than a certain size, there is no reason why we should not
have several of that size. This is trne, but it must be remembered that
the engineering objections to this are not the greatest ones. The cost
of two or more mains would be so great, that no project could be floated
with such a heavy weight. Thus, then, the limit to any project for the
supply of Bombay with water, is the discharging capacity of a pipe about
three and a half, or four feet in diameter, these being about the largest
sized pipes ever made. Further on I will show what this amounts to.

Another and a very serious objection to the use of metal is, that it
wears away 8o rapidly.* No really effectual means have yet been dis-
covered to prevent the destruction of iron by corrosion, &c. How long
a line of pipes may last in India no one could say, but, nevertheless, it is
perfectly clear that every line laid down, must, like a line of railway,
sooner or later be renewed. The repeated cost of these renewals, must,
after some time, become enormous. It is the opinion of many that even
the Vehar main which has not yet been laid down fifteen years, will
before long require renewal. This is supported in a great measure by
the state of those pipes which have occasionally, in consequence of leaks,
been taken np. The amount of corrosion, both inside and outside, is
quite beyond what most people would suppose.

I have already pointed ont that Mr. Aitken anticipated the wearing
away of the steel main proposed by him to be laid down from the Shewla
reservoir to Bombay, and in answer to this objection, he replied that when
the time came to renew the main, Bombay would be able to afford the
cost of one of double the capacity. But any one can see that this is not
the point. The point is whether, if the town can save the cost of re-
newal, it wonld not be foolish to incur it.

Another objection to iron pipes is, that, not being manufactured of
enfficiently good quality in Tndia, and being obtainable cheaper from Eng-
land, it becomes necessary to keep a large stock in hand for contingen-
cies. Their cost being, under even the most favorable circumstances, as
I shall presently show, very great, a large capital must remain idle.

Then, again, to repair pipes, skilled European labor is re[;uired, and
to keep up = staff of Europeans for the purpose, adds greatly to the cost

of maintenance.

# “ 1 have seen cast-iron pipes laid down in Bombay, which have heen corroded away (from the
outside) in about five or six years.” Videpage 14, Mr. Aitken's Report on the Ertension of the Bombay
Water Works.

VOL. IT,~~S8ECOND SERIES, z
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But above all these objections is the insuperable one of their first cost.
Let me assume that a pipe of 3} feet diameter is to bé laid down for
Bombay. Such a pipe, in my opinion, should not be less than, say, 1}
inoh thick. Its weight would be about 15 cwt. 2 grs. per yard, or 1,364
tons per mile, allowing a joint at every nine feet, The price of iron,
including every expense, will be £16 a ton,* and the total cost of a mile
of 8% foot main would be, suy, £22,000. )

I will now tarn to the subject of masonry channels, and first as to their
limits in size. It is quite clear that, so far as the engineering of the
question is concerned, it is just as easy to build a conduit ten or twenty
feet as it is to build one five feet wide or high. This being the case,
and supposing masonry channels can be used, there is evidently no prac-
tical limit to the quantity of water which a sinyle conduit, so different
from a single iron pipe, may be made to convey. Thus one conduit
would often suffice, where two or three pipes might be required.

In the second place, unlike pipes, the materials and labor for conduits
need not be brought from England. They exist in the country—an ad-
vantage which it is hardly pessible to magnify. The material is of the
cheapest kind, and so is the labor. No large stock of the former need
be kept at hand, nor need any expensive establishment of the latter be
maintained. The nature of the work is both so simple, and 8o well un-
derstood by the common laborers of the country, that they alone are
quite sufficient for all purposes.

Then, again, masonry does not soon wear away. If properly con-
structed, it is practically imperishable. Some of the Roman agqueducts
are standing to this present day, and I believe there are masonry channels
now in use in parts of Italy which were constructed in the days of the
Cemsars.t Under these circumstances, it will be readily understood that
the cost of renewal of conduits need not be an item in the expense of &
project—at all events, not for the next twenty generatiens,

® This has been fixed by me in communication with one who is well conversant with the iron
trade, I wish I could lower the rate and sacrifice some portion of the strength of my argument in
this place, in order to reduce the estimates of the various projects I shall have further on to submit
to the Bench., But Rs 160 a ton is what I have calculated all the pipes in my projects at, and in
qpite of every desire to keep the estimates as low as possible. The price of pig-iron has risen about
100 per cent, in the last twelve months. 1t is almost certain, moreover, that, in conssquence of the
rise in the price of wages, and of the reduction in the number of working hours which has taken
place in England aud Scotland, the price of iron will never fall again to what it was a year or
tWo ago-

t I have personally examined the m\uom-y in the largest of the aqueducts at Rome, and was sure
prised to find in what a wonderful state of preservation it was.
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And now as to the cost of conduits. As iron pipes are limited in size,
the best plan will be to compare, say, a three and a-half foot.main with
a conduit capable of discharging a certain quantity of water. Such a
main, with a fall of five feet per mile, will discharge* 13,000,000 gallons
daily. A conduit having a waterway four feet deep, and five feet wide,
and being arched above, would with the same fall, discharget nearly
40,000,000 gallons, or three times as much. The cost of such a con-
duit will vary according to the soil in which it is built. In the case
of the projects which I shall recommend for Bombay, the conduits would
be almost entirely tunnels throngh solid rock, and a tunnel six feet
high in the middle, by five feet wide (about as small a one as could
conveniently be constructed) at the rate which has been tendered for the
Toolsee work under Mr. Walton, would cost £6,000 per mile. If the
goil were of the very worst description, and building, beside tunnelling,
had to be resorted to, the cost of the conduit would be, perhaps, twice
as much, or £12,000 a mile. Considering that the hills through which
the tunnelling would have to be carried, consist almost entirely of solid
trap, and generally of the hardest description, I feel certain that a very
small portion of the tunnel will have to be built.  But let me even sup-
pose that one mile out of every three has to be built, then the average
cost would be Rs. 80,000, or £8,000, a mile. I will, however, take it
at more than this, at as much as £9,000.1

Thus, it turns out that a pipe, three and a half feet in diameter, will cost
two and & half times as much as a conduit which discharges three times
as much water. In other words, the cost of a conduit will, comparing
the quantity of water delivered, be about one-seventh, that of a pipe.§

* According to the formula most lly in use—vi: —g=V UEDH
g e formula most generally in use—viz,, Hawkesloy's—G= V ———u ; where G
is the discharge in gallons per hour, L the length of pipe in yards, H the head of watcr in feet, and
D the diameter of pipe in inches.

t By the well-known formula, which is a modification of Eytelwein's, v = 55 / 'Wf, where v is
the velocity in feet per minute, 4 the hydraulic mean depth in feet, and f the fall in feet per mile.

¢ This rate, with contingencies are allowed for further on, is nearly £9000 a mile. The Glasgow
aqueduct, the cross section of which has a superficial area twice as great as that of thischennel,
cost about £18,000 a mile. At this rate, therefore, the latter ought not to cost more than £9,000 a
mile. Bince the construction of the Glasgow aqueduct, and particularly within the last three years,
the art of tunnelling has improved immensely, and I think we may now assume that the Bombay
.squeduct would not exceed this sum. I am confident, from a close examination of the strata along
the entire line, that a very small proportion of the channel would have to be built. The Glasgow
aquednct passed in many parts through water-bearing material, which of course must have given
great trouble to work through, and must have effected the cost of the scheme materially. ' There
1s not the slightest chanoe of our having to tunnel through strata charged with water,

§Only to give the reader an idea of the enormons cost-of pipes as compared with the other items
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In order to convince the reader that this is not exaggeration, we may make
the comparison in another way, and the result will be about the same, I
have already mentioned that a main 3} feet in diameter, will cost £22,000
per mile, Let us ascertain what the size of a conduit to cost this sum
would be, and how much water it would give us. A six-foot square tun-
nel, with as flat an arch above as possible, would not cost much more than
about £10,000 a mile under favorable circumstances, 1. e., if the soil
through which it was driven were rock, and no masonry were required. If
the soil were bad, and the conduit reguired to be lined with masonry, such
& tunnel would not exceed £20,000 per mile. Say that the average cost «
of the conduit through good and bad soil were £15,000 & mile. Then,
a8 it would deliver 80,000,000 gallons daily, or six times as much water
as the pipe, costing £22,000 a mile, the relative cost of the conduit
would be about one-ninth that of the pipe.

And now let me dircct attention to a point I have purposely reserved
to the last, and which, I think, the reader will admit to be an unanswer-
able argument in favor of conduits as opposed to pipes.

If there were anymdvantage in pipes, this advantage would be ever so

which go to form the estimate for a water-supply project, I take the following facts from My,
Aitken’s Report on the Extension of the Bombay Water Works. Vide pages 29 lo 82.

PowAY PROJECT,

£.
Cost of Reservuir, vees eee veee 12} lakhs of rupees, or, 122,500
s Land, 6 ” ” » 60,000
» Iron Pipes, .... cees 17} ” " » 172,500
— ——
Total, .... 35§ » ”" » 855,000

Thus the pipes was to cost nearly as much as the reservior and land put together.
KENNERY PROJECT.

Cost of Reservoir, 17 lakhs of rupees, or, 170,000
» Land, 1 " » ”» 10,000
y» Iron Pipes, .... ... 28‘ ” ” » 285,000

———

Total, .... 410 " » 415,000
In this case the pipes was to cost more than the reservior and land toget-her

SHEWLA PROJECT,
. Cost of Reservoir, csoe 11 lakhs of rupees, or, 110,000

» Land, tevs eeee sees 44 " ”» » 45,000
» Steel Main, ... ..., e 1243 ”» » » 1,247,600
. Total, .... 1404 ” ” » ,40?,5_0.0
And in this case the cost of the pipe was to be more than eight times as much as the reservoir
and land together !

‘Theee facts show the necessity which exists for every effort being made to reduce the cost ot the
means of bringing the weter to the town from the reservoir.

All the estimates in this Article, illustrate the same subject—viz., the great cost ot iron pipes
a8 oompared with that of the othor items,
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much greater in a country where pipes could be manufactured cheaply
and vice versd, the advantage would be less in a country where they were
difficult and costly to obtain. Let us then inquire whether pipes have
been used in preference to conduits in the land of iron, I suppose if any
one were asked where pipes could be obtained cheapest, he would at once
say (Hasgow, where both iron and the coal to manufacture it with, are
found in such abundance. But what do we find to be the case? In the
Loch Katrine Works, among the first water-works in the world, out of a
total length of 34 miles of pipes and conduits, from Loch Katrine to
Glasgow, there are only 12 miles of pipes and 22 of conduits, and in a
total length from Loch Katrine to the service reservoir of 253 miles, there
are only 34 miles of pipes and 22 of conduits. Mr. Bateman, admittedly
one of the first hydraulic engineers of the day, rather than lay down pipes,
preferred to tunnel through hills, and sowme of the shafts were nearly 500
feet deep! Can any one after this doubt the necessity of our dispensing
with the use of iron as much as possible? If Mr. Bateman found it
cheaper to bring water through conduits to Glasgow, where iron could at
the time be obtained at £4 and £5 the ton, and where every mechanical
appliance, cheap fuel, and the best workmen could be obtained, how much
more imperative must it be for us to adopt conduits in Bombay, where
pipes will cost £16 per ton, where the use of niechanical appliances en-
tails a heavy cost, where the price of coal 60s. per ton, and where skilled
workmen are not only expensive, but ditficult to obtain,

Let me give another example in which conduits have been used in place
of pipes, and one out of England, and where the features of the country
are very similar in their character to those of the Concan. The water
from the great Furens Dam* is drawn for the supply of St. Etienne
through a masonry conduit which has been built in oper. cifttings on the
sides of the hills. In this instance it has actually been found cheaper to
build a long masonry channel, than to lay down a direct iron pipe, and
the channel—just as would be the case in the Bombay Water Works
has been built of stone quarried from the excavations made to receive it.
Open cutting has been resorted to for the St. Etienne Works in pla;:e of
tunnelling, because the hills are not tortuous; but where they are so, and
where, therefore, the length of the conduit would be out of all proportion
to the direct distance of the reservoir from the town, there is no doubt that,
s.:i:‘d‘ (1) note on page 76 of No. LXVIIIL., Professional Papers on Indian Engineering, Second
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a8 in the Glasgow Works, tunnelling would be by far the better method
of the two. ’

Strong as this argument is, it becomes still stronger when we remem-
ber that the art of tunnelling has wonderfully improved since the Glasgow
Water-Works were carried out. There is hardly any branch of engineer-
ing, in which such great strides have been made. This is shown by the
last tunnel built under the Thames, which was successfully completed in
a few months without the least diffieulty, while Brunel’s Tunnel took
years to construct.

Where much water is found, and where the soil is sandy and treacherous,
there are some difficulties to overcome; but in the case of the tunnels for
the Bombay Water-Works, the strata everywhere are known to be trap,
and generally of a hard compact natare. The tunnels, moreover, run from
200 to 800 feet above the water level of the country. I only hope water
may be found, for it will render the work far more easy of accomplishment.
The hills are so uncommonly dry, there is but little water to be found on
them for even drinking purposes.*

Hitherto I have only treated of conduits in the common acceptation of
the word, 1. €., as channels through which water flows as through a canal:
1 wish now to say a few words on conduits under pressure.

The island of Bombay and the surrounding country consist, of hardly
anything but trap. In most parts, this rock is hard and compact, and, if
it were frec from fissures, there is no doubt it could be depended upon
for the conveyance of water, even under very great pressure. Unfortu-
nately, however, trap is a rock which varies perhaps more than any other
in its nature, passing from the hardest basalt, to the softest volcanic tufa.
The abundance, however, of basalt, and the fact of its being constantly
found in the valleys, compelled me to consider whether it would not be
worth while to obtain the opinion of a geologist, as to the likelihood of
success, if rock syphons were attempted where the strata promised to be
sound. The valuable opinion of Mr. Blandford, who is known to be one of
the ablest geologists in India, was solicited, but I regret to say that it is
not favorable to the idea of rock syphons. At the same time I am bound
to add, that it is far from being so unfavorable as to prevent a trial
being made.

« T and nty surveyors have always had to carry our water for use from Camp, We have ocos-
slonally found water on thehills, but in very small quantities—either in pools or dribbling down the

£ace of & rook.
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It must be remembered that according to the quantity of water brought
to Bombay, from one and a half, to more than two lakhs of rupees would
be saved in every mile of rock syphon used in place of an iron pipe. What
I would propose to the Bench is, not that they should make an experiment
on a grand scale involving great expense; to arrive at an opinion on the
subject, a small outlay is all that is required, and the experiment should
be made without delay, and in the island of Bombay itself.

It does not matter what project is decided upon, or what the guantity
of water to be brought to the town may be; the tannel will answer equal-
ly well for any of the projects, and the smallest sized one that can conve-
niently be made will deliver five and six times more water than can be
required. Let the experimental tunnel be only half a mile long, and let
it be constructed along some portion of the line which the pipes will fol-
low, if the tunnel does not answer. Let shafts be sunk-at intervals of two
or three hundred yards apart, and let the tunnel be driven at the depth of
Jifty feet below the point at whick solid rock is found, not merely fifty feet
below the surface of the ground.* Nearly everywhere in the island sound
rock will be found, at less than 20 feet from the surface, so that the tunnel
would not lie more than about seventy feet below. If, in sinking the
shafts, the rock at this depth were soft, it would not be necessary to carry
the experiment further. I would not stop the work in hard rock, even if
there were fissures, as one of the very points to be decided is whether the
fissures could not be effectually stopped up to prevent the escape of the
water. My own impression is that such fissures as may be met with, will
not extend to the surface, but be merely confined to the distance of a few

yards from the tunnel, and that no water, therefore, would escape through
them.

Atter the tunnel was constructed, it could be filled with water, and the
mouths of the shafts stopped up, and hydraulic pressure applied. There
would not be the slightest chance of the tunnel bursting. Such a casual-
ty would be impossible. At the very worst, the water might escape to the
surface, and this would soon be ascertained, and an opinion could be
arrived at on the experiment,

The argument brought against such a proposition will of course be that
a rock syphon has never yet been constructed, My reply to this is, that

® This experiment should not be made in the neighbourhood of Koorla, or across the canseway,
because the strata are not favorable, and iron pipes would probably have to be used in these places.
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I knew of no town situated as Bombay is, where a rock syphen counld have
been attempted with a chance of success. It would be a pity for the Bom-
bay people to condemn the ides, simply for its novelty. I do not for one
moment maintain that rock syphons can be constructed, but, considering
the extraordinarily exceptional nature of the rock about Bombay, I am most
emphatically of opinion that the Bench should sanction, say, Rs. 80,000,
to ascertain whether it is possible for them to save a first expense of eight
or ten lukhs of rupees, and an ultimate one of perhaps fifty.*

To sum up, then, the arguments of this Article, I trust the reader will
see there is no doubt that masonry conduits are many times cheaper than
iron pipes; that they are far better suited to the circumstances of Bombay,
where the materials and labor for their construction are both cheap and
al;lmdant, and where pipes are costly ; that a single line of conduits will
out-last a dozen or more lines of pipes; and that in adopting conduits,
we should not be carrying out works of an experimental nature, but should
merely be following the example of one of the finest and most successful
water-works in the United Kingdow.

And, with regard to rock syphons, which must not be confounded with
conduits, I trust he will see that, whatever may be the opinions of differ-
ent people on a work, the like of which has never yet been tried, still
considering the enormous saving which the success of such a work would
ensure, we should be justified in going to some slight expense to prove by
direct experiments the feasibility of the proposition,

ON THE ADVANTAGES OF A KERVICE RESERVOIR, AND THE NEOCESSITY
FOR LAYING TIPES ABOVE GROUND.

Hitherto it has been proposed in every project to deliver the water to
Bombay under direct pressure from the storage reservoir. As I am of
opinion that this would not only entail needless expense, but cause many
more interruptions in the regular supply to the town than would take
place if we had a service reservoir nearer at hand, it is necessary that I
should prove the point.

¢ Since writing the above, the price of iron has gone up still higher, and it &ppears t0 me more
than ever necessary to make the experiment recommended above,
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1t does not of course follow that because channels are cheaper than
pipes, therefore to bring the water nearer to Bombay by help of channels
first, and then to deliver it by pipes, will be cheaper than to employ pipes
only. It may so happen that the additional cost of the service reservoir
in the former case may render that system on the whole more expensive.
I will, however, show that, so far as Bombay is concerned, there is no
doubt of the advantage of the method of distributing the water from a
service reservoir. Let me take by way of illustration any of the projects
which have been proposed. The Kennery Project will serve for the ar~
gument as well as any other. .

In order to bring the Kennery water direct from the lake, Mr. Aitken
proposed a main 82 inches in diameter, and 1} inch thick.* It was
moreover to be 22 miles long, and to cost 23} lakhs of rupees, or rather
more than a lakh a mile. Now I find that by means almost altogether
of a conduit, the Kennery water can be brought to within 9} miles of
Bombay, and that from this point the pipe, instead of being 32 inches in
diameter, need not be more than 27. The unprofessional reader will
naturally suppose that if the pipe is reduced in size, it will not deliver
the same quantity of water, but this is not so. The pipe of 27 inches
diameter will in the second case deliver quite as much water as the pipe
of 82 inches will in the first. The apparent paradox is easily explained.
A pipe delivers water in proportion to the head of water compared with
its own length. A pressure of 500 feet is no more effective at the dis-
tance of 50 miles than the pressure of 100 feet at the distance of 10
miles. The discharges of all pipes are calculated on this principle. The
discharge in the case of a pipe from the Kennery Lake would be in pro-
portion to the head at that long distance. Let us suppose the water to
be taken from the lake at & point 170 feet above Bombay, which is about
the level at which it would have to be drawn, Then the average fall
available for the pipe would be faye» or not quite 8 feet per mile.

Now if, on the other hand, we first brought the water to within 94
niles of Bombay before delivering it to the town under pressure, I find
this could be done with very little loss of head. The distance between
the Kennery and the service reservoir is 84 miles, and, excepting in one
portion of the line (three-quarters of a mile long) where, there being a
depression in the hills, it would be too expensive to construct a masonry

® Vide page 80 of-his Report on the Extension of the Bombay Water Works.
VoL, 11.~~8ECOND SERIES. 24
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work, and a pipe would have to be laid, we could use conduits throngh-
out. If we did so, we should not have to give the channel a greater
slope than 12 inches a mile, because, even with a waterway 5 feet wide
and 4 four deep, it would discharge more than twice the daily supply from
Kennery. The total fall, therefore, in the 7} miles would be 7} feet.

The syphon across the depression in the hills need not have a greater
slope than 5 feet per mile, as, if it were even 86 inches in diameter, it
would carry the daily supply from Kennery ; but in calculating the cost
1 will suppose a 42 inch* pipe is used, or one capable of discharging one
ani:*alf times the daily supply. The total fall, then, in the syphon,
th arters of a mile long, would be 8§ feet, and the total fall in the
conduit and syphon together would be just 114 feet,} so that if the water,
as I propose, left the Kennery Lake 170 feet above Bombay, it would
reach the service reservoir at (170 — 11}) 1583 feet above Bombay.
This pressure being available at the distance of only 9% miles, the aver-
age fall would be (3} or) about 10§ feet per mile, more than double
that in the case of one long continuous pipe from Kennery, This great
fall enables us to reduce the size of the pipe, so that, whereas a pipe of
82 inches diameter is required in the one case, a pipe of 28 inches diame-
ter suffices in the other. Nor is this all ; the smaller the pipe the thinner
the metal to resist the prossure may be, so that besides a smaller pipe we
need not have one so thick.

The cost of the 32}-inch main from Kennery was calculated at 28}
lakhs of rupees. The cost of the channel syphon and pipe would be : —

RS,
7} miles of channel, at Rs. 80,000 2 mile, . .. 6,00,000
Syphon §-mile lnng, 42 inches in dinmeter and 1 inch tluck,:}:
weighing 832 tons, at 110 Rs. a ton, 91,620

9} miles of 28-inch pipe, 1 inch thick, welghmg 720 tons per
mile, at 110 Rs. a ton,§ or 79,200 Rs. a mile, w. e e 7,562,400
. . 14,483,920
Add 10 per cent. for contingencies, 88y, wo .r e 1,44,080
Total, < «. ... ° 15,88,000
® In my Kennery Project the pipe I propose is 48 inches in diameter, but this is for special rea-
sons, which do not concern my argument here,
"t In my Kennery Projoct the actual fall is 14} feet, but this nleo is proposed for special reasons,
which are t00 long for me to explain now. For the purposes of my argument, the above statement
{s correct, inasmuch as we are concerned here, not with the fall it would be best to give to the channel
‘and syphon—*for that may depend on several other considerations—but the fall we could give to them
{n order to keep the water as high as possible.
$ It might be only three-quarters of an inch thick, as it would not have to vesist & greater reuuro
than a head of water of &0 feet. P
§ About the same rate at which the 32§ inch muin was oaleulatod.
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So that the difference of cost between a long pipe from the lake and a
conduit, syphon, and pipe, amounts in this one project to about eight
lakhs of rupees. Now the cost of a service reservoir will not be more
than three lakhs, so that the advantage of a system with a service reser-
voir, so far as mere expense is concerned, is manifest. The argument
would be still stronger if I took a project with a reservoir beyond Sal-
sette—such, for instance, as the Shewla or the Tan8a Project.

The other great advantage which a service reservoir possesses is this:
we reduce the number of interruptions to the regular supply. If we have
8 long pipe—as, let us suppose, for instance, the one from Kennery—an
accident in any portion of the line of 22 miles must necessarily cause the
entire supply to the town to be cut off while the damage done is being
repaired. But in the case of a service reservoir, if an accident happens
above the reservoir, the supply can still go on from the lattor while the
conduit is being restored, and, when the conduit is open again for use,
the service reservoir can be refilled.

The great length, fifty-six miles, of the continuous pipe from the
Shewla reservoir to Bombay, proposed by Mr. Aitken, constituted in
the eyes of most of the profession one of the greatest objections to the
scheme. The longer the pipe the greater must be the number of bursts
which take place in it, and the greater must be the number of stoppages
to the supply to the town. So that, if the pipe from Vehar to Bombay,
fourteen miles long, bursts a dozen times yearly, and the water has to be
shut off from the town for twelve days in the year, it would have to be shut
off four times as often, or for forty eight days in the year, in a pipe four
times as long,~viz., fifty-six miles; and this, where the interests and
welfare of nearly three-quarters of a million people are concerned, is an
important consideration.

Even if a service reservoir entailed considerable extra cost over a con-
tinuous pipe—which it fortanately, in the case of Bombay, does not—I
should still most strongly advocate its adoption, in consequence of the
great advantage it affords in the regularity of the supply not being
dependent on the security of a single long line of pipes.

Here again, in recommending the use of service reservoirs situated
nearer to the town than the storage reservoirs, I am merely following the
practico of the most eminent hydraulic engineers of the day. Both at
Manchester and Glasgow, and also at numerous other towns, the water
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is stored for nse at a long distance from the town, but is distributed to
the population from service reservoirs kept constantly filled from the
distant lakes, Indeed, the time will come, if it has not already, when
the inconvenience of the stoppage of the water from Bombay for even a
few hours will be considered so intolerable, that it will be necessary to
have one or two distributing reservoirs in the town iteelf to contain a
sufficient supply for one or two days. I do not recommend their con-
struction just now, because I think the town had better spend all its pre-
sent available means in storing water and in bringing more to the people.
Distributing reservoirs can be built at any future time when the want of
them is really felt.

In conclusion, I have only to add that it is surprising to me to find that
the necessity of bringing the water as near as possible to Bombay before
distributing it under pressure should never before this have been pointed
out to the Bench, and that I should have to bring it to their notice. The
mere fact of the system being exactly in accordance with the best Euro-
pean practice should have drawn attention to the subject long ago.

I have already referred to the rapid destruction of iron by corrosion,
and Mr. Aitken has stated in his Report on the Extension of the Bombay
Water Works, that he has seen cast-iron pipes laid down in the island
eorroded in five or six years. There is no doubt whatever that the
process of corrosion is much more rapid in Bombay than it is in England,
and that this is, in great part, due to the large anantities of saline mat-
ter mixed with the soil. So important did Mr. Aitken think the subject,
that he considered it necessary to advocate that his pipe should be placed
on standards above ground. The great objection urged against this
proposition, during the sitting of the Water-supply and Drainage Com-
mission in 1869, was that the water would arrive in Bombay at a tem-
perature sufficiently high to boil an egg. Now, on this one point I agree
with Mr, Aitken, and I altogether dispute the validity of the objection.
I am of opinion that the temperature of the water in a pipe exposed to
the sun would not be materially affected ; but the fact can be ascertained
by the simplest of experiments, and at a most trifling expense, perhaps
&0 Rupees.

I propose that one of the 30-inch pipes in the possession of the Bench
be taken and, being supporting on standards, be exposed to the full heat
of the sun some day in Octoher, when the sun is, perhaps, as powerful as
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at any time of the year. Let the two ends of the pipe be closed with flat
iron plates, the pipe filled with water, and arrangements be made for draw-
ing off the water from time to time by a small cock. Beginning at six
o’clock in the morning let small quantities of the water be drawn at every
hour up to six in the evening, and each time let a thermometer be plunged
into the water to ascertain its temperature. We shall then know, to a
certainty, to what extent exactly the water will be heated in a pipe expos-
ed all day long to the action of the sun.

Let it be borne in mind that the water delivered in Bombay through a
main would never be so warm as that in the experimental pipe suggested
by me. In this latter case, the pipe will be exposed to the sun’s rays all
day long, and the water will be heating all this time; but the water in a
main would not take more than five or six hours to reach the town after
it left the reservoir.

It the experiment shows that the temperature of the water is not sen-
sibly increased, the pipes can be laid above ground without any protec-
tion from the sun, but, if the temperature rises, it will be necessary to
consider if steps could not be taken to protect them in some way, so that
the direct rays of the sun should not fall on them. I am opinion that
there are many ways in which this could be done, but I will merely sug-
gest one or two, not advocating any particularly, but merely putting them
forward for consideration with the numerous other plans which are sure
to be proposed in Bombay. Bundles of dried grass, one of the few things
to be had very cheap in Bombay, might be laid four inches in diameter
over the upper half of the pipe, and a sheet of thin galvanized iron, bent
to a semicircular form, be laid over the grass. At intervals of three or
four feet apart, hoop iron might be nassed round the whole, binding them
together, and a coat of tar might be put over the upper half of the pipe
for its better preservation.

Or a sheet of galvanized iron might be fixed over the pipe without any
hay between, but in this case it would be well to have a space of about
eight inches between the sheet and the pipe, so as to let the air play
freely between them.

Tarred felt might also be tried, but I do not recommend it, as [ fear it
would not last long. But it does not matter what method is adopted.
Some good plan is sure to be discovered finally. What is really neces-
sary at first is, that the Bench should be satisfied that pipes laid above
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ground will last longer than if buried in the earth, and in order to prove
this point, I only ask them to examine the line of pipes between Vehar
‘and Bombay. Soon after leaving the Main Dam, the pipe runs over the
Gopur stream, and is exposed to the air for a length of about a hundred
feet.* This portion of the line appears now to be in nearly as good &
state of preservation as on the day when it was laid down. Buf let any
other part of the line which has been buried beneath the soil be exposed,
examined, and compared with this portion. The pipes will be found with
their surfaces rough, eaten through, or scaling off with corrosion. Facts
of this kind are worth a thousand opinions, and if it be the case, as it
undoubtedly is that pipes exposed to the air do not corrode to anything like
the same extent as thosc which are buried, there surely can be no doubt,
considering the enormous price of iron now, of the advisability of our
taking every step in our power to make our mains last as long as possible.

The mere saving in the water-supply alone should ensure the consider-
ation of the subject. When pipes are buried, they may go on leaking for
years without the fact being discovered, whereas, when they are laid above
ground, the slightest leak betrays itself at once, and can be stopped without
delay.

I trust I have now demonstrated that, before we go on blindly repeat-
ing what may prove to be the errors committed before, it is incumbent
on us first to ascertain whether pipes above ground in Bombay do really
last longer than those buried beneath the soil, and, if this is proved,
whether the temperature of the water will be sensibly affected by exposing
the pipes to the full heat of the sun, and, even if this be the case, to inquire
whether steps cannot be taken to protect them from absorbing such an
amount of heat as would raise the temperature of the water.

HT.

* 1 write from momory,
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No. LXXVII.

HISTORY OF THE WATER-SUPPLY OF BOMBAY.

[Vide Plates XIII to XXX.]

By Masor Hecror Tuirocs, R.E.

Ox the 2nd June, 1845, the Government of Bombay were so alarmed at
the deficiency of water in the town, that they passed a Resolution ap-
pointing a Committee to report with the least possible delay on the state
of the wells in the Island, the quality of the water in them, and the
quantity remaining for consumption.

The demand for the Report must indeed have been very urgent, for
the Committee, composed of Doctors Graham and Leith, submitted their
views to Government on the very next day. They acknowledged the
great want of water prevailing in the town, and the great distress felt
by the people from the deficiency; they pointed out, moreover, that the
water was, as a rule, bad in quality, in some instances brackish, and in
others, tainted by the drainage from the streets. It will interost the
reader to learn that the recommendations they made were: that the use
of some private wells in Girgaum should be secured for the public by
compensating the owners; that the wells on the esplanade where cattle
were watered should be reserved for man; and that other wells in the
same locality which had been closed, should be re-opened. One cannot
but be struck by what must seem to us the mildness of the remedy pro-
posed to be applied in those days in so serious a case.
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The crisis must have been a very alarming one, for we find that, three
days, after the report was sent in by the Committee, the Government
passed another Resolution, in which the Chief Engineer of the time was
also called upon to report on the subject, and they expressed themselves
¢ most anxious to prevent the recurrence, even during one year, of such
a calamity as is now felt,”

So great was the attention which the matter atiracted, that before even
the Chief Engineer, who took ten days only to think over his project,
could reply to the demand of the Government, another gentleman, who
had been devoting himself to the solution of the problem, stepped in and
proposed a remedy for the evil. We find that on the 14th of June, a
memorandum was prepared by L. C. C. Rivett, Esq., of the Civil Ser-
vice, ¢ On the practicability of obtaining a supply of Good Water for the
Native Town of Bombay.”

Mr. Rivett pointed out that it was hopeless to attempt to add to the
supply by means of wells; that in order to keep the tanks in the town
full up to a certain level during the whole year, the only plan was to col-
lect rain-water during the monsoon, and that the principal desiderata were
“an elevated position for a reservoir,” * a large surface from which to
fill this reservoir,” and * facility of conveying the water from this reser-
voir to the tanks in questi»n.” Mr. Rivett wrote: ¢ the principal points
which at first sight present themselves for such an object appear to be”
—1 think the Bombay public will smile—** Nowrojee Hill at the back of
the Gaol, the hill above Mazagon, the Chinchpoogly Hills, the hill above
Parell, Malabar Hill adjacent to the Parsee Cemetery, and the hill
above Col. Dunsterville’s House.” How wonderfully the town has grown
since then, and how our wants have increased, we can realize by the fact
that the idea should at one time have been even entertained that these
sources might suffice.

A glimpse of the future Bombay must have been caught by Mr. Rivett
even a quarter of a century ago, for, on consideration, he rejected all
these sources. Calculating the areas of the important tanks on which
the town depended for its supply, Mr. Rivett found they amounted to
672,000 square feet, and he considered it would be necessary to supply
each tank with water to the depth of sixteen feet. Proceeding then on
the supposition that the rain-fall was 64 feet in the year, and that only
half of it could be collected, and assuming that the reservoir should hold



HISTOURY o THE WATER-SUPPLY OF BOMBAY. 170

a three years’ supply, he found he should reguire a gathering ground
of 240 acres. This would enable him to collect 200,000,000 gallons.
As none of the sites above-mentioned offered this extent of collecting
area, he proposed that a reserveir should be built on a hill standing on
the peninsula called “The Neat's Tongue,” but which we know better
as “Trombay.” He said—

“There is, however, on the peninsula called the Neat’s Tongue, a hill
which offsrs all the requisite advantages, and where a reservoir sufficient
to supply'ﬁfty times the amount above specified (200,000,000 gallons),
might be constructed, This hill is certainly 800 or 1,000 feet high;
its sides are steep, and there are several spots on it in which the ground
converging towards the nullahs, forms almost a natural crater, admirably
adapted for a reservoir. There is here sulficient unemployed surface to
collect water for a reservoir of almost boundless extent, and one, the
bottom of which would be at least 800 feet above the level of the tanks
it would bave to supply. On this hill a point might be sclected, distant
from Sewrce iu a direct line three miles. The water from the reservoir
might be conveyed from the hill by an aqueduct of iron pipes, supported
on pillars of masonry, across the arm of the sca (dry at low water) which
separates Scewrce from the Neat's Tongue.  From Scwree a similar
aqueduct would lead the water to the Byculla Tunk, in the first instance,
and from thence it should be conveyed by underground pipes to the other
tanks, or any other point in the native town, which in this manuer might
be as well supplicd with water as London.”

The Estimate of the cost of the works was as follows :—

53 miles of 12-inch pipes from the Reservoir on Neat’s Tongue to

Bombay, .. . . .. . e 8,500

2 miles of pipes to distribute the water from tank to tank, o 3,200
Masonry columns to sapport the 54 wiles of pipes, .. o 16040
Reservoir, about, .. .. .. .. .. .o 40,000
Total, .. 08,940

Or somewhat less than seven lakhs of rupecs.

At this distance of time it is amusing to think, that the hill on the
Island of Trombay, should ever have been considered so extensive, as to
be able to give us a reservoir “ of almost boundless extent.” Since Mr,
Rivett's day, the inhabitants have multiplied to such an extent, that the
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supply from any reservoir in Trombay would hardly suffice the town for
more than a weck.

Mr. Rivetl's proposition, although it was put forward with great
ability, and was really, in my opinion, well worthy of consideration at
that time, does not seem to have met with approval. At all events no
action was taken upon it, and we may, therefore, conclude it died a
natural death. Two days after the issuc of his memorandum, the Chief
Engineer, Lient.-Col, George Jervis, came forward and submitted his
remedy to alleviate the thirst of the patient. This wasi~=

“To provide three reservoirs in the following situations which afford
sandstone strata which are saturated with water throughout the year—1st,
The Dhobee's Tank on the Esplanade; 2ad, Some eligible spot to be
purchased in the Girgaum Oarts; 32d, The Cocoanut Oarts of Mahim.
The first for the supply of the Fort; the second for the supply of the
Native Town, from the verge of the Esplanade to a line running east and
west from the Mombadavee Tank; the third for the supply of Tarell,
Byculla, Mazagon, and the Native Town, north of the line above-men-
tioned, .

The supply of water in the rescrvoirs to be obtained by galleries, cut
as far as possible in the sand-stone stratum. The water to be pumped
from the reservoirs by steam-engines and conveyed through iron pipes
to the different guarters. The reservoirs to be covered over by the en-
gine rooms, and other buildings, to prevent evaporation, and to preserve
the water pure.”

The patient, however, who was complaining not of having too much
but too little water in his system, declared his symptoms were not dropsi-
cal, and accordingly refused to undergo the operation of tapping on such a
large scale, so that the scheme, in spite of its ingenuity, fell to the ground.

On account of this obstinacy on the patient’s part, the Government got
into a more nervous and fidgetty state than ever, and, having apparently
determined that the whole responsibility should not rest with them, they
passed & Resolution on the 24th September, 1845, dirccting the attention
of the Court of Petty Sessions to the subject, and requesting them to
consider the ¢ measures to be taken for husbanding the supply of water,
and for keeping it pure and wholesome.”

The nostrum of the Court of Petty Sessions was an exceedingly mild
one. They recommended that, 'n order to prevent waste, the tanks in
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the town should be guarded by peons; that a solitary spring, which there
was at the Cooperage, should be ¢ reported”’ on ; that the shipping should
be made to water at Elephanta or Salsette; and, of all things in the
world, that the Government should issue a Proclamation, which was prac-
tically to the effect, that the people should not drink more water than was
good for them, and that they were not to spill more in the act of drink-
ing, than they could possibly help. The people were to be allowed to
carry away as much as they cliose, but, having got it into their houscs,
they were to take great care of it.  The Government of those days must
have had wonderful faith in human nature, if they snpposed that a man,
having taken the trouble to convey a certain quantity of water to his
house, would be influenced in his use of it away from the surveillance of the
outer world, and by a Proclamation !

Ilowever, this advice to the patient not to drink more than was good
for him, while all the time he was dying of thirst, was of no use. In
spite of the I'roclamation, lLe still cried out for water, and the au-
thorities secm to have considered the cry not an unreasonable one, for,
on the 21st March, 1846, the Civil Architect of the DPresidency, Capt.
T. M. B. Turner, of the Eungineers, acting under the instructions of
the Chief Engineer, submitted a new project.  This was to intercept
the rain falling—1st, on a portion of that side of Malabar Hill which
faces Back Bay ; 2nd, on the hill near that on which the Parsee Tower of
Silence stands; and 8rd, on some ground lying directly north of the
Gwalia Tank, vide Plate XIII. Having intercepted the rain, Capt. Turner
proposed to lead it into a reservoir 400 feet square to be builts elose to
the Gwaliagd'ank. The total supply calculated to be obtained from this
project, wh§ was probably intended for only a portion of the town, was
29,000,000 gallons, or, as Capt. Turner put it, sufficient at the rate of
five gallons a day for 62,222 people during 90 days.

But this proved of no use. The attraction of five gallons per head per
diem was not enough to reconcile the patient to a sudden death after three
months. In fact, the prospect of a short life, and a merry one did not suit
him at all, for he cried out louder than ever, and so the crisis continued.

There now steps on the scene a man who took a very different view of
the state of things, aud who not ouly understood the alarming nature of
the patient’s case, but made a prop@sition which ultimately grew into the
present water-supply of Bowmlay.
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Captain (afterwards) Colonel J. H. G. Crawford, of the Engineers,
leaving the wells and tanks in the town to take care of themselves, pro-
ceeded out of the Island, and, following the course of the stream which
formerly took its rise near the village of Vehar, proposed to intercept it
at a point not far from Koorla. Here the water was to be pumped up,
and brought under pressure into Bombay by iron pipes. The dam was
not to be built to retain any large quantity of water, but merely to
give sufficient depth to pump from. This supply every year could of
course last so long only as the stream continued to flow, or from the
setting in of the monsoon, up to abont December. For the supply of the
town during the other months, a series of reservoirs were to be formed
along the course of the strenm above the dam, and, as the stream dried
up, the water in these reservoirs was to be led down to the lowest one,
where the pumps were to be placed.

An alternative scheme suggested by him, was to drain the Koorla valley
by a system of underground channels o the point where the water was to
be pumped up.  Ile said : —

“ Suppose a valley, as in the accompanying rough sketch; the nature
of the soil being what 1 imagine it, I should sink a shaft (A) at the
lowest point whence I wish to draw my water—in the present instance it
would probably be 15 or 20 fect deep. I should run an open drain (AB)

2} wide, and as deep as circumstanccs would admit of, with a slight slope
downwards towards A, building up the sides if necessary, and covering
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the surface with flagstones and earth; and at certain distances, I would
in like manner open the shorter cross drains (cd). In this way, looking
at the bed of the valley as a vast sponge, the whole would be thoroughly
drained without any loss from evaporation.”

Captain Crawford’s suggestions evidently attracted considerableatten-
tion, for the Board of Conservancy, to whom his letter was submitted, on
the 16th May, 1846, called at once for further information on the subject.
Accordingly, we find, three months after this another report, going into
the subject in greater detail, was prepared. He had in the meantime
been able to make a rough survey of the country, and to take a few levels
so that he now had some specific facts to work upon. ~ Ile wrote :—

¢t The sketch, vide Plate XIV., exhibits the mouth, and a small portion
of the coursc of the nullah, which takes its rise in the range of hills near the
village of Vehar, in Salsette, and empties itsclf into the sea at the village
of Koorla.  The portion here represented flows through a nearly level
country, partly waste ground, covered with trecs and low jungle, and partly
of rice cultivation. The bed of the nullah consists of rock and shingle,
whilst the banks—which are 8, 10 and 12 feet high—are in places nearly
perpendicular, and consist principally of earth. Across the mouth of the
nullah, and just above high-water mark (BC), there is a natural bund of
rock, which extends into the country on both sides of the nullah, and a
little higher up, there is another of the same description. The hill D is
70 feet above high water-mark ; it is almost a solid rock, and conveniently
situated for any works requisite for establishing a head of water.

* * * * *

¢ The nullah cortinues to flow until the end of December. By erect-
ing an engine at a favorable point for pumping, and laying a main of
pipes to Bombay, there is no doubt that a considerable body of fresh
water might be led into the town, and, taking advantage of the favorable
natural formation, at the mouth of the nullah, and throwing a bund across
at that point, the top of which might be at least 20 feet above the point
A, the supply of water would be much increased at a comparatively small
cost,

» * * * *

“ 1 shall, however, proceed to show what would be (as near as I can
at present ascertain) the first cost of the necessary works, These would
consist of a bund at BC ; providing a suitable engine and engine-house ;
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building up the sides ¢f the reservoir on the top of I for procuring a
head of water ; and laying down a main of pipes from Koorla to Bombay.

“ The hill D is 70 to 86 feet above the point A, or high water-muark ; on
the top of this hill an extra 10 feet might easily be obtained in building a
reservoir without any very extra heavy cost, thus giving a total of 80 fect.
I suppose, on the average, that the wateri s to be delivered at a height
of 20 feet above high-water mark in Bombay, which would, I think, be
more than sufficient to reach all the public tanks. This will leave a
height of 60 fect for a head of water upon which to calculate the dis-
charge. I assume the length of pipe to be laid down at about 10 miles,
its diameter 14 inches. These conditions, with a head of water of GO
fect, would give a discharge of 6,992,542 cubic feet, or 43,575 gullons
per hour, without making deductions for angles in laying down the pipe,
which need be neither great nor sudden.

“ For raising this body of water to a height of 80 feet, an engine of
176 hosse-power would be required.”

The following is an abstract of the Estimate : —

£.
13 miles of 14-inch pipe, ... 36,023
Engine, cost of erecting ditto, Ln'rmc Humc und Rcsldencc
for Engineer, ... os . e 13,900
Dam (at BC in sketeh), ... v v . 1,700
Reservoir (at D), ... . 440

Total, m
Or over five lakhs of rupees.

The alarming symptoms which the patient exhibited in 1845 and 1846,
must have temporarily subsided, for nothing of importance seems to have
been done in 1847, In 1848, however, the symptoms revived, and we
accordingly find the public mind again in a ferment. In the month of
May, the Chief Enginecr, Licut.-Colonel George Jervis, resuscitated his
scheme of tapping the water-bearing stratain the island, but, before carry-
ing it out on a large scale, he proposed :—

“ That Government be solicited to sanction the construction, in some
convenient site on the northern boundary of the Esplanade, of a circular
cut-stone well or reservoir, with one or two tunnels cut into the sandstone
formation of the Esplanade as feeders to the reservoir, 100 yards in length,
6 feet broad, and 15 feet deep, or more if practicable; the tunnels to be
filled to within 6 feel of the surface with loose rubble stone, with a cover-
ing of rough stone slabs, levelled to the surface, with the soil excavated.”
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This idea did not take root in the public mind, for nothing came of the
proposition, although, as we shall subsequently find, it was again taken
up, and worked out by another Engineer. On the other hand, we find
Capt. Crawford’s project rapidly assuming a definite shape. He was too
able a man not to see the great flaw in his previons schemes, and he was
not leng in rectifying it. Accordingly, in his next report, submitted in
August 1850, instead of advocating the raising of the water near Koorla
by mechanical contrivances to the height of 80 feet, he considered it would
be better, in order to avoid the cost of pumping, to go higher up the
stream, and to build his dam at a point 80 feet above the level of the
bund he first proposed.* If after a time the supply did not prove suffici-
ent, he recommended that the construction of a series of bunds still higher
up the stream should be undertaken, and, if even this failed to meet the
demands of the town, then that the water in the lower part of the valley
should be utilized by the help of pumps.

And now we find associated with the originator of the present water-
supply of Bombay, another able man to whom Captain Crawford entrust-
ed the working out of his ideas, So salisfactory indeed was the manner in

_Lieut. (now General) De Lisle prepared the scheme, that not only did
Colonel Crawford speak of him in high terms, but, finding his own ori-
ginal idea open to objection, he at once and finally abandoned the plan
of pumping the water at Koorla.

It is in Licut. De Lisl¢'s Report, submitted so far back as March 1851,
that we first meet the proposition distinctly put forward, to construct a
reservoir at Vehar, The accompanyiny plans, vide Plates XV., and XVI,,
which are copies of portions of two of those submitted with his Report,
cannot fail to convince the rcader that the present works are merely
the embodiment of Captain Crawford’s ideas. Here we have the lake
not covering exactly the area occupiced by the present one, but covering
the greater portion of it. Here we have the dam not precisely in the
position of the present main dam, but close to it. And here we have the
line of iron pipes, connecting the lake with the town.

Lieut. De Lisle’s reservoir with a dam about 50 feet high, was to impound
in round numbers 1,000,000,000 gallons, and he proposed, in the event of
this supply not proving sufficient, to raise the dam ten fect higher, and
thus to obtain double the above quantity. He assumed a yearly rain-fall

* The reader will observe that we are rapidly advincing to the Vehar lake,
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of 76 inches, of which 16 inches would be lost by evaporation, absorption,
&e., and of which the remaining 60 inches would be available over an
extent of gathering ground of seven square miles. On these data the
quantity of water flowing into, and falling on the lake, would amount to
6,000,000,000 gallons, or six times the quantity required to be impound-
ed by the 50-feet dam. The water was to be brought into the town under
pressure by a cast-iron pipe 24 inches iu diameter, and 14% miles long.
The cost of the works was calculated thus:

£
Pipes, ... vor 102,080
Dau, Waste Weir, Dddivery Reservoir, and Conduits, ... 15,000
Contingencies, &e., ... e 2,920

Total, ... 120,000
Or twelve lakhs of rupees.

In a Resolution passed on the 26th April, 1851, the Government thank-
ed Captain Crawford and Lieut. De Lisle in handsome terms for their
labors, Lut called for morve information on certain points.

We now take a further step.  Another man comes on the scene, who
appears to have suceceded Captain Crawford in the anomalous appointment
of Superintendent of Repairs, the duties of which in some extraordinary
way, seem to have been the investigation of original projects.  Lieut.
De Lisle’s papers were forwarded to Mr. Henry Conybeare for report,
who, in December 1852, submitted a cavefully prepared memorandum
on the subject.  Although admitting that Lient. De Lisle’s surveys had
demonstrated the practicability of ponding up in the Vebar valley a body
of water apparently suflicient for the supply of Bombay, at the rate of 20
gallous per head per diem, he was of opinion that, owing to the prelimi-
nary nature of these surveys, no sufficient data existed for determining
the cost at which the supply could be made available to the town. e
recommended that accurate surveys should be made, but at the same time
he put forth a scheme of his own, which the reader will recognise as sim-
ilar in its main idea to that suggested years before by Colonel Jervis,

Mr. Conybeare was of opinion that, water obtained from surface col-
lection being uufit for drinking until filtered, the springs in the littoral
concrete formation in the Island should be made available to the towa.
He proposed that wells should be built in the water-bearing strata, and,
that these wells should be connected by iron pipes with large reservoirs
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to be made in the solid trap underlying the superficial deposits. He
thought that these reservoirs would be kept filled with water running in
a constant stream from the wells. The iron pipes were to act as syphons.
All that would be required would be to start the syphons by first closing
the two ends, then filling the pipes with water, and then opening the ends
again. The accompanying sketch, vide Plate XVII., which is copied from
some of the plans submitted with bis Report, will illustrate the project.
Mr. Conybeare proposed, morcover, that many of the tanks and reservoirs,
should be roofed over, and that they should be supplied with water from
filtering wells.  The sides of these wells were to be ¢ double walls two fect
thick, and four feet apart, built of a porous sand stone, and enclosing
between them a thickness of four feet of fine sand, the whole forming a
filter eight fect thick.” DBesides the snpply to be obtained from the littoral
concrete ih the Island of Bombay, Mr, Conybeare also suggested that the
spring-bearing strata in Salsette, should be thoroughly examined before
recourse was had to surface collection.

Fortunately this old idea was not carried out. The Board of Gonser-
vancy, in forwarding Mr. Conybeare’s Report to Government, took an alto-
gether different view of the subject. They expressed doubts as to whether
a sufficient quantity of water conld be obtained in the Island in the man-
ner proposed by him, and they added that cven if it could be so obtained,
it would require to be sent into the town at great expense and from
many sources. They were of opinion also that none of the water in the
public tanks excepting only one “ could be considered wholesome—that
they were all more or less filled by drainage, at the hest of times impure,
and subject to the taint of a large town.”  They pointed out, more-
over, that late in the season, the quantity of water in many wells was
not a quarter of what it was at the beginning, and that Mr, Conybeare
had made a mistake in supposing that so many wells were available to
the public, the fact being that a great nnmber of those which he had
mentioned for use were private property. Regarding the proposition
that the spring-bearing capabilitics of Salsette should e investigated, the
Board said that, “any water which might be derived from springs wouid
be found to be, if not below high-water mark, at so low a level, that the
water would require to be forced up by machinery.” They were ¢ of
opinion that a great additional supply of wuter was required for the

health and comfort of the inhabitants, and that such supply could be best
VOL. 11.—~SECOND SERIES, 2 ¢
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obtained from the valley of Gopur, and in the manner proposed by Cap-
tain Crawford and Lieutenant De Lisle.

The letter from the Board of Conservancy had its effect. In December
1854, the Government, setting aside altogether the idea of collecting
water from the littoral concrete in the Island, directed Mr. Conybeare to
investigate thoroughly the project of ebtaining water from the Gopar,
and in March of the following year, Mr. Conybeare submitted his second
report on the water supply of Bombay. It was on this report that action
was at last taken, and that the Vehar Water Works were carried out.

Mr. Conybeare pointed out two sites, vide Plates X VIIIL. and XIX., for
the main dam, one of which is identical with the site proposed by Lieut. De
Lisle, and the other higher up the valley, where in fact the present main
dam stands. As no observations regarding the rain-fall in the Vehar
valley had ever been taken, he was compelled to approximate to it from
_ the rain-fall at the Colaba Observatory and at Tannah, which town is 5}
miles only from Vehar. On these data he reckoned that certainly 100
inches at least fell yearly on the gathering ground, and possibly as much
as 124 inches. He assumed, moreover, that six-tenths of this would
be collected. The following facts may be gathered from his report : —*

Six-tenths of 124 | Six-tenths of 124
Area of gu.:gering i;:hesnonﬂg:ther- inches on ggt;t:her:-
ground. ing ground. ing ground.
Acres, Gallons. Gallons,
Small Reservoir, . ve 3,948 5,358,737,260 | 6,644,884,187
Large ”» . . 4,682 | 6,355,211,091 | 7,880,461,734

* Mr, Conybeare's levels of the contours of the lake and of the embankments were referred to
what he called ** Puspolee Datum '—i, e., the bed of the Gopur stream at the site of the Jower dam.
All the levels below this point were referred to the ¢ Poydanee Datum "—the kerbstone of the plat-
form of the Poydonee Reservoir in the heart of the ngtive town in Bombay. The Puspolee and
Poydonee Datums with reference to Town Hall Datum are 171°83 and 89-83 feet, respectively.

Mr. Cenybeare says in his Report that Poydonee Datum is 92 feet below Puspolee Datum, and headds
that it is 3'11 feet above high-water mark. Beveral careful series of levels show that Puspolee
Datum is 171:83 feet on Town Hall Datum. This is correct to within six inches, probably correct to
within one. Poydonee Datum therefore should be (171'88—92) 79 83 feet on Town Hall Datum. But
this, go far from being 3-11 feet above high-water mark, as mentioned by Mr. Conybeare, is a little
below mean sca level. I feel persuaded that 92 is & misprint in Mr. Conybeare’s eport for 82, Ifit
is, then Poydonee Datum would just be about 3 feot above bigh-water mark.

It has cost me days of labor to ascertain what shonld be clear from the working drawings, but
these contradict each other, and the original bench-marks are lost, so that I have been compelled to
{nvestigate the subject for myself. I mention these points because they have so much interest for
the profession, and I wish to save my brother Engineers, should they ever have occasion or the wish
to congult the original plaus, all the labor I have gone through,
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Reducedto| Area of The Reservoit

T‘]’)':’:ni'fu “;::el: |contains in Gallons.
(

Up to 82 feet above Puspolee Datum

(above four inches above the

level of the lip of the lowest

inlet pipe, i.e., about the low-

est level at which water

could be drawn from the
1ake), .. wee see eee e | 20383 o 168,718,974
o Do. 36 do. 40,  wer s . | 20783 298,285,505
-3 Do. 40 do. do., eas  see eee | 21183 e 497,701,627
E Do, ¢4 do. do., ver eee eee | 21583 oee 779,737,068
¢ ¢ Do 48 do.  do, . e .| 21983 1,159,660,328
[ Do. 52 do. do,  eee eee ... | 22383 1,641,860,106
= Do. 56 do. do., eoe  eee eee | 22783 vee 2,215,687,185
g Do. 60 do. do., e eee eee | 231°83 oen 2,881,141,640
w0 Do. 64 do. do., e ese wee | 23583 ooe 8,632,668,316

Do. 68 do. 40, see e .o | 28983 | .. | 4,464,71198%
Do. 72 do. do., see eee eee | 243:83 o 5,377,272.“80
Do. 76 do. do., cer see aes | 24783 6,391,022,435
Do. 80 do. do.,  we e e | 25183 1,102 7 526 633,254
Do. 84 do. do., e eee eee | 255783 1,214 | 8,784,105, 511
Do. 8 do do, 25688 | 1242 | 9,117,514:470
Do. 90 do. do. (about 8 inches

Lbelow the level of the present. waste wclr), 26183 | 1,400 |10,800,000,000*
5 j Do. 31 do. do., e eee e | 20283 303 000, 000

Do. 72 do. 40,  eee ees ... | 24383 69.)0]528&8
E"t Do. 80 do.  d0n e o o | 25183 | 1810 | 9.553.42 1,835
§lno 84 @0,  d0.  wee o o | 25583 | 1440 |11,051,351,086

Mr. Conybeare recommended the higher site for the reservoir—that
the main dam should be where it now stands—and that it should im-
pound 85 feet depth of water. The advantages of the lower site were
that it afforded both a larger extent of gathering ground, and a greater
storage capacity, but these could not have been secured without the con-
struction of four dams, two of which would have been very expensive
works. The upper site, although offering a somewhat less extent of
gathering ground and less storage capacity, necessitated the construction
of but three dams, one of which only was a heavy work.

Mr. Conybeare pointed out that, if more gathering ground were re-
quired, it might be obtained by running open catch-water channels ¢ along
the western slopes of the hills both on the west and on the north of the
veservoir,” vide Plate X VIII.

* This last cspw!.ty, which is the most important of all, is not given in Mr. Conybeare’s Report,

‘but is taken trom a paper read by him before the Institution of Civil Engineers, Vid¢ Vol. 17, page
$60, Proceedings of the Institwtion of Civil Engineers,
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He also discussed the question of earthen and masonry dams, and
decided for the former, chicfly on the consideration of cost.*

For the eseape of the surplus water, he proposed a waste weir 340 feet
long, situated alongside of the main dam (the site of the present weir),
vide Plate XXI. The water was to be delivered by cast-iron pipes under
pressure from Vehar, and the size of the main he proposed was 48 inches
in diameter.

Mr. Conybeare rccommended that the water should be filtered, and the
accompanying sketch, vide Plate X1X., with the following description of
the filter, taken from his report, will explain the subject clearly :—

“The arrangement 1 propose.........consists of a filtering tower 50
feet diamcter inside, rising from the foot of the inner slope of the dam, to
the same height as the latter. It will be built of a highly porous littoral
concrete, found along the west coast of the Island of Bombay and Sal-
sette, and at many other localities along the Malabar coast, At inlervals
of six feet there will be bond courses of Porebunder stone pavement in two
thicknesses, breaking joint with each other.  The floor of the tower will be
paved with stone, and thence the main conduit pipe will take its course,
its inlet being closed at will by a single sluice. Directly this sluice is
opened, the level of the water in the tower will sink, till the pressure is
sufficient to force the water through the porous sides of the tower. I cal-
culate that two or three feet difference of level will be sufficient for the
'purposc. ”

Forming part of Mr. Conybeare’s Project was a Distribution Scheme
for carrying the water by iron pipes to ncarly all parts of the town. In
most of the districts, the delivery was to be on the “constant service”
system, with all the modern conveniences of fire-plugs, stand-pipes, &ec.
The out-lying villages were to be supplied by means of draw wells kept
constantly full by small stoneware pipes or masonry conduits, in which the
water was to be admitted from time to time through sluices in the main
pipe &0 arranged as to deliver the water without pressure. Mahaluxmer,
Malabar Hill, and Walkeshwar were to be supplied on the ¢ intermittent
system” daring the night.

* This subject is fully treated of in No. LXVIII., Professional Papers on Indian Engincering,
Becond Scries, by the present writer,

+ It is fortunate that this plun was not carried out, for it is perfectly certain that a filter con-
structed on these principles would have stopped working in a very short time from the pores of the
stone becoming choked up. Every one who has used elf-filtering goglets made of porous stone,
knows how admirably they answer at firet, but how soon they losc all power to filter the water.
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The cost of the works was estimated as follows :—

Pams and Waste Weir, l7ill
Catchwater channel for extending the arca of the gathering

ground, e res vee 5,000
Filters and oth2r Works at Reservoir, e 4,302
Main Pipe, e e e e 100520
Town and Village distribution, e e e e 4873
254,206
Contingencies at 5 per cent., ... 1,710
Total, e 205016

After Mr. Conyheare’s project had been prepared, it was ;';l-iunil.l-(‘(l to
Captain (now Major) Crawford, and he, on the 20th April, 1855, gavo
his gencral approval to the proposed works.  Mr. Conybeare was then
despatched by the Government, to England, where the design for the
Outlet Works were altered, and some modifications, were made in the
plans. The pipes were selected, and sent out under his directions.  1Te
never returned to India again, The cantract was drawn ont in England
by the Hon’ble the Court of Directors, and was given by them to Messrs.
Bray, Son, and Champuey, of Leeds.  Mr. Walker was appointed Resi-
dent Engincer, and Mr. Conybeare was made the referce for all disputes
between the Government and the Contractors.

We now pass from the region of discussion to that of action. The
Vehar project from an idea grows into a fact. It is nccessary that I
should describe the works as they were carried out.

The Vehar Lake, vide Plates XVIIL and XX., covering an area of
about 1,400 acres, and with a gathering ground, exclusive of the arca of
the water surface, of about 2,550 acres, is formed by three dams. Two
of these were reudered necessary to prevent the water escaping over
ridges on the margin of the basin, which were lower in level than
the top of the main dam. The quantity of water supplied yearly by
the reservoir falls considerably short of Mr., Conybeare's estimates,* and

® No blame shounld be attached to Mr. Conyheare for this. The yearly rain-fall at Vehar was
unknown, and all he could do was to approximate to it from the only data at hand—viz., the rain.
fall at Bombay and that at Tannah. It is remarkeble that although most people would have
argued as Mr. Conybeare did, and concluded {hat the rain-fall on a height like the Vehar Valley
would have exceeded that at Tannah, still this is not the case. Mr. Conybeare, although of the
above opinion, yet, to be on the safe side, took, as already mentioned, 100 inches ac the uvernge
rain-fall at Vehar, 124 inches being that at Tannah. Even this moderate quantity is probably
above the actual ono—90 inches as well as I can make it out from the records. The records, though,
are unreliable,
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may be taken at about 8,000,000 gallons a day, or at the rate of nearly
" ten gallons per diem per head of the present population, The level of the
surface of the water when the lake is full—:. e., the level of the top of the
waste weir, is 262:50 on Town Hall Datum, and the average depth to
which the surface sinks yearly is about 11} feet or down to 251:00. The
surface has sunk as little as 9 feet, as in 1868, and as much as 12 feet 9
inches, as in 1867. Last year (1871) there was a failure of the monsoon,
and the consequence was that the level of the water fell in December to
24850 on datum, six feet lower than it has ever been in that month.

The arrangements for drawing off the water admit of this being done
down to a depth of 59 feet, or to 203:50 on datum.* The total quantity
of water contained between the level of the surface of the lake when full,
and the lowest level at which the water can be drawn off, may be taken in
round numbers at 10,650,000,000 gallons, and, as about 8,000,000,000
are used in the year, the quantity that would remain for use in the lake,
supposing a failure of the monsoon, would, at the present rate of delivery,
and allowing for evaporation, soakage, &c., be equivalent to about a two
years’ supply.

All the Vehar dams are made of earth, and in form they are similar to
those ordinarily built in England, vide Plates XXI. and XXII. They
have an exterior slope of 21 to 1, and an interior slope of 8 to 1. The main
dam, with a width at top of 24 feet, has a puddle wall along the middle,
The other two dams were built without puddle wallst. The surfaces of

¢ It is difficult to say at what level exzactly the mouth of the present inlet pipe is, but I take it to
e at 3167 on Puspolee Datum or 203-50 on Town Hall Datum. I come to this conclusion thus:—

There is a lettor on record written by Mr. Mylott, the Resident Engineer's Assistant, who was on.
the spot, and who says in it that the water at 8 o’clock P.M., on the 24th June, 1857, was * six in-
ohes over the 32 feet contour (Puspolee Datum), thereby flowing 10 inches over the top of the lower
inlet.”” Ten inches, or *83 of a foot deducted from 82 feet 8 inches gives us 31:67 as the level of
the inlet on Puspolec Datum. Now the waste weir I have ascertained by careful levels to be 26350
on Town Hall Datum, and when the lake ie full, the gauge fixed to the tower shows that there is
59 feet of water above the mouth of the inlet. The mouth of the inlet therefore must be (26350 —
$9) 208-60 on Town Hall Datum.

I should add that if, as I think, the inlet is 31-67 feet om Puspolee Datum, and the waste weir is
89 feet above it, the waste weir must be at 90 67 on Puspalee Dalum. All the working drawings
show the waste weir at 90-00 on Puspolee Datum. I believe, therefore, that the weir was built about
eight inches higher than was intended. I prefer to go by the emphatically distinct statement in
Mr. Mylott's letter, than by werking drawings, which, even if drawa correctly, might not have beea -
cigidly adhored to.

t It is in consequence of this chiefly, I suspect, that the repairs done to these dams in 1871 were
required. In the working drawings, puddle walls are shown in No. 2 and No. 8 Dams, but I have
the best reasons for doubting whether what appears as puddle in them was 80: Vide my * Report
on the Vebar Lake Dams.” —Professional Papers on Indian Engineering, Second Series, No. XXV,
Vol. L., page 269.
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all the dams are pitched with stone. No. 2 Dam has a top width of 20
feet, and No. 8 Dam had the same width when constructed. But in con-
sequence of the repairs carried out in 1871 to stop the leaks discovered
in this work, the form of No. 3 Dam has been altogether changed, as
will be seen by reference to Plate XXIL.*

The following is a Table of the quantities of the different kinds of work
in the three dams, as calculated by Mr. Conybeare :—¢%

Fxtreme Total | Broken | pooop
Dams. l]ﬂ;ti.reﬁle length at| Em]]:' Puddle, |Earthwork ntmlncs stone
EA% | the top, | WOrk & puddle. pil;;l;i(x’fg pitching,

feet. feot, ¢, feet. c feet. c. feet. c, feet, 8. fect-
No. 1, w. .« | 84 | 835 |255706 | 30,910 286,616 | 997 | 26,993
w 2 e e | 42 | 555 | 43,617 | 10,332 | 53,949 | 827 | sgor
w 8 we wi| 49 | 986 [106,743 | 14,717 |121460 | 659 | 17,797

Total, ™ w0 | 406,066 | 55,959 | 462,025 | 1,983 63,617

The arrangements for drawing off the water from the lake, are as fol-
lows} :—The water is first strained through sheets of extremely fine copper
gauze fixed to cages placed over the mouths of large pipes which pass into
a masonry tower. In the bottom of this tower is fixed the mouth of the
outlet pipe (41 inches in diameter) which passes under the dam, and con-
ducts the water to Bombay. Two strainers are ordinarily sufficient to
supply the tower with water as fast as it is drawn off by the outlet pipe
and, as the purity of the water in the lake is in proportion to its necarness
to the surface, the upper pipes are those always in use, the lower ones
being kept closed with iron plugs.§

* In the working drawings, the main dam is shown as completed to about eleven feet, while it
now stands about six and a half in the middle, and seven feet on the sides, ubove the weir, 1f the
drawings are reliable, it follows that the dam has settled down from 4 to 4§ feet. I can give no in-
formation regarding Nos. 2 and 3 Dams, as these works have undergone repairs, and it is impossi-
ble now to say what their heights previous to the repalirs were.

+ Vide his paper on the * Bombay Water Works,”” Vol, XVII., Proceedings of the Institution of
Civil Engineers.

t Vide Plate XVIIL of Vol,I., Professional Papers on Indian Engineering, SBecond Series, No,
XXV.

§ In 1865 the lowest inlet was kept open. The water from the bottom of the lake proved to be of
8 reddish brown color, and great complaints were made of its unwholesomeness. Some time after
its delivery in the town, cholera broke out in various parts, and whben the cause was suspected, and
the lower inlet closed, the epidemic at once disappeared.

Those who were in Bombay in April and May, 1871, will remember a sudden discloralion to a dirty
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The outlet pipe (13 inches thick) under the embankment rests on &
firm foundation of rock or masonry, but, over it, I am told, there is only
puddle, On issuing from the dam it bifurcates into two branches, each
82 inches in diameter, and on each branch is a sluice worked by a capstan
arrangement. One branch goes on to Bombay, while the other stops
with an open mouth about 200 yards from the sluice. The latter was
intended for another main, when it became necessary to extend the water
works.*

The line of pipes to the town is 14 miles long, and, excepting where it
crosses streams, is placed under ground a few feet from the surface. The
action of the earth on the metal tends to corrode the pipes very much.
Layers of the oxide of iron three-cighths of an inch thick may often be
removed from the surface.t The pipes are each 12 feet long, of the

brown tint of the Vehar water supplied to the town in those months, As the Department was en-
gaged at the time in repuiring some of the strainers, I was under the impresston that the discolora-
tion arose from unstrained water passing through the upper pipes; but, ag the discoloration
continued even after the repaired strainers had been ymt down again, 1 was quite at a loss to account
for the fact. Remembering, howeyer, what took place before, it oceurred to me that water was pro-
bably being drawn off from too low a level. On mquiry, I found that three inlets were open. I
closed the mouth of the lowest one, and, 1n a few hours, the water in the town resumed its usual
transparency. It is quite clear, therefore, that the lower the water from the surfuce of the lake, the
more impure it is, and that, for the proper supply of the town, the water near the surface only should
be used.

It will be geen further on (page 188) that this statement is contradicted by my friend Dr. Lyon’s
enalysis. I believe, however, that he is not himself satisfied that an ana'ysis of the water taken in
the dry months would be the same in churacter, as that which he has madc of the water in the mon-
goon.

* The present rense of the Bombay community seems to be that the town should not be dependent
on the Vehar Jake alone for its supply, so that this branch line will probably never be laid down.
It wonld be useless to do so without bringing more water into the lake from the Toolsee gathering
ground, as the quantity of water now used yearly in Bombay is almost exactly that which the present
gathering ground affords.  The Inke has overflowed only three times in thirteen years —twice to an
insigaificant-—=but once (1861) to o considerable extent. This overflow, though, was due to the fact
that the distributory system in the town was at that time incomplete, and that much leas water than
the present quantity was being drawn off.  Practically, all the water that has ever fallen on the
gathering ground has been collected,  The idea which has been put forward from time to time in the
local newspapers, that more water might be obtained by a better system of distribution, is not
corroct. Ar all the rain which falls on the gathering ground is collected, and as, practically, none
goes to wuste over the weir, we must be using all we gather.  1f we wero not, the surface of the lake
would stendily rise year after year. Rut it does not. On the contrary, it keers at one average level,
or, if anything, it hus a tendency to fall. At this present moment (April 1872), it is lower than it
has ever been in this month since the construction of the lake.

+ Occasionally, pipes are taken up in the town reduced to a state of graphite, The iron can be
cut like the softest lead pencil with an ordinary penknife. This state of things is no doubt due to
the action of saline matter on the metnl. Some of the soils about Bombay are impregnated with
galt. This is one among other reasons why I advocate that all pipes should in India be placed above
ground. In England it cannot be done on account of the frost, If this difficulty could be got over
there by jacketing the pipes, I am certain it would result not only in their better preservation, but in
an enormous saving of water, Allleaks would be immediately discovered, and could therefore, he at

onoe stopped,
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spigot and fancet kind, and the joints are run in with lead. The thick-
ness of the iron was intended to be from one to one and one-eighth of an
inch, but there are many pipes not even three-quarters of an inch thick.
The consequence is that we have numerous bursts of the main, when the
town has sometimes to go without water for hours together.*

The greatest theorctic pressure of the water in the mains is about
180 feet, but the pressure actually registered varies between fifty and a
hundred and forty feet. The “pull” begins at 4 o’clock in the morning
with about 250,000 gallons per hour, and the consumption steadily in-
creases till at 6 o'clock it attains a little over 400,000 gallons an hour.
Up to about half-past ten there is no great variation, but about this time
the consumption imperceptibly declines to a little under the above quan-
tity. About 4 .M. it begins again to increase, but very slightly, till
half-past five, from which hour it declines steadily up to midnight, when
only about 240,000 gallons an hour are used, and this rate of consumption
continues till four in the morning. To put it in other words, the con-
sumption begins at 4 A.w., reachgs its maximum at six, continues at its
maximum all day long, begins to decline at six in the evening, reaches
its lowest at midnight, and continues ‘at its lowest till four again the
next morning.

The accompanying plans, vide Plates XXIII and XXIV., show the
arrangements of distribution in the island. During the day no valves
are closed. The entire system of pipes throughout the island is open to
the flow of the water, but the practical effect of this is, that those parts
of the town close to the mains and lying at a low level, monopolize the
supply. In order to render the distribution fair, certain valves are
closed at night, so that the districts far from the mains and situated
at a high level may obtain their supply. This plan leads to great
waste. Cocks are kept open all night, and thousands of gallons are
lost to the public.

Originally the Vehar water was exceedingly pure, but I believe it has,
during the last few years, deteriorated to some extent. Even now,
however, I doubt whether there are many towns in England which can

* Some of the pipes were shockingly badly cast. There is part of onc in the Munioipal Office, not
more than abgut gth of an inch thick, and with a large hole in it through which for years a great
quantity of water mnust have leaked. It was situated close to a sewer, so that the water escaped into
the latter, and did not make its appearance as it usually does on the surface of the road,

VOL. I1.—BECOND SERIES, 200
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¥on - .
boast a purer supply. The cause of deterioration is the great increase

Fig. 1. of vegetable matter in the lake, which is
filled with ‘myriads of, plants of a low form
of aquatic life, probably of the Protococ-
cys class, one of the Conf‘ervozd Alge.
It does not merely ﬂoa.t on the surface,
but apparent]y thnves at all depths, ana
it consists of a mmute sporule whlch is’
sometimes as small as the pomt and sel-

Protococcus magnified 350 aia- dom larger than the head of a good sized
meters, from asketch by Dr. Gray, . »
of the Bombay Medical Service. pin.

* From my own observations, I am led to believe, that unless some steps are taken to destroy these .
plants, they will go on increasing to such an extent, as will at last render our water-supply compa-
ratively impure. To what cause they are duo it is perhaps impossible to say. I cannot help thinking
however that it may be neceseary in a hot climate like India, whewe the generation and increase of .
altforms of life areso rapid, to empty our reservoirs at times. This appears to me the most effectual ,
why of destroying the vegetation which poisons the water. Under present circumstances we could
not empty the Vehar Lake, but this might be done if we constructed another reservoir. .

It is remarkable that for some months before the monsoon, and until it sets in, the water in the
ake is almost discolored by these sporules, but i diately the brenks, they disappear as
if by.the wand of the magician. In August 1871, I had difficulty in procuring even the few speci-
mens from which the accompanying sketch was drawn. The obvious inference, ot course, is that
the influx of the fresh water destroys the sporules, but why so small a quantity of rain should pro-
duce such an effect it is impossible for me to say.

Regarding the deterioration of the water in the Lake, I should mntion that the subject has occu- -
pled the attention of the Executive for some time past. Dr. Blaney, than whom no one in Bombay |
takes o deeper interest in the sanitary welfare of the town, and to whose intelligent exertions and
Afsinterestedness the town owes so much, made what might have proved a valuable suggestion some
time ago, but 1 regret to add that there is little-hope.of any success following, its adoption. Doctor
Btancy recommended that the plant * Anacharis Aisinastrum ' should be introduced into the lake,
The matter was referred home by us for any information that conld be obtained regarding the effects
produced by this plant on impure water.. The London Water Companies, not being advocates for the
employment of the plant, one of the very highest authorities in England was consulted on the sube
jeot. The following is Dr. Frankland’s opinion i=— . . .

«In reply to your inquiries I have to say that, in my opinion, no beneficial reau]ts would ensue .
from the introduction of ¢ Anacharis’ or any other plant into the Reservoir or Lake. Living plants
are of great use in ameliorating very foul waters, such as sewage, but they have very little effect up- .
on moderately impure water like that contained in the Lake in question ; moreover the continual de- _
cay of the older portions of the plant would necessitate the frequent cleaning-of the reservoir, other-
wise the quality of the water would become seriously deteriorated. Filtration through sand (5 or 6
foet thick it possible) is the most efficient means of purification of all foul water, on a large scale, .
hitherto diecovered. It is desirable, however, that the-filters should be allowed. to run dry at least
once a week, g0 as to allow the pores of the sand to become filled with.air. Thus filtered and after-
wards kept in covered reservoirs, the water of the Vehar Lake could not fail to be rendered good and
palatable. I have read the memorandum by the Army Sanitary Commission, which wag enclosed,
and I entirely conour in the four recommendations of the C issioners.”—Aungust loth, 1871,

And again = '

1 have carefally perused f,he ocopy of Dr. Thomas Blaney’s letter which you forwarfled to me, and .
wehilst I agree with the writer that plant life tends to purify water, so long as the plantsand their,
leaves are alive and healthy, yet when the plants or theix leaves die and decay, & serious pollution of
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Everynowand then
the water delivered
throngh some parti-
cular pipe beeomes cx-
eeedingly foud, and,
when this is the case,
the cause gencrally
turns out to be some
dead animal matter in
the pipe. ' Fishes and
ecls often pass into
the pipes, and, dying
there, poison ¢ he
supply. Whether

"they escape in the
. Appearance of onc of the sporules under & microscope,  form of sbnwn through
magnifying 250 diamcters, from a sketch made by myself. :

In order to convey clearly to the reader the actual size

of the sporule examined in the last easc, I say, it was about sequently develop to
half the siz¢ of one of the minute dots in Fig. 2. full size in the distri-

" the strainers, and sub-

‘buting pipes, or whether they escape after development in the lake
through crevices in the tower, I cannot say, but at times they are found of
a great size.* ' -

the surrounding medium takes place, and the balance of effect produced ia deterioration of the water
unless the lattér be originally ¢xcessively polluted. Moreover the Anacharis grows so luxuriantly and
spreads from canal to canal with such rapidity as to become a serious nuisance and a source of con-
siderable expense in the keeping open of canals and water-courses. Tt§ introduction into India would
consequently be a matter for grdve consideration. Bince its introduction into this country, I have
never heard of dny beneficial effect which it has produced ; on the other hand, the inconveniences
which it ¢ are tantly being plained of. .
‘1 do not therefore find anything in Dr Blaney's letter which would cause me to modify the
opinion I have expressed in my former letter.”—October, 10th, 1871, .
' 1 should mention hére that the difficulty of a satid flter, as recommended by Dr. Frankland, is, that
in'our case it entails a 1088 of préssure in the ‘pipes, consequently a smaller delivery of water in the
town. If the Bench were prepared to go'to the expense of pumping the water on¢o a sand filter
above the level of the Lake, to which there is no engincering objection, as the flltbr could be'eakily
constructed, the water would be rendered pure with no deficiency in the supply. '‘Or if the town
were willing to do without filtered water in the event of a failure of the monsoon, ther the fiter
might be put just below the level to which one year's consumption reduces the surfaces of the Lake.
The loss of head of about fifteen feet would not entail a great reduction in the quantity of water
delivered in the town, and practically, except for one year in ton or twenty, all the water used by
the inhabitants would be filtered. '
* Fishes have boen found 4 feet long, and 12 inches round the body. Only the other day a dead
eel was taken out of & pipe 4 fect 8 inches long, and 12 inches in girth. .
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The following is an analysis of the Vehar water.* As the subject of
its impurity below the surface has attracted much attention, the analysis
is of samples taken at four different levels—at the surface, and at fifteen,
thirty, and forty-five feet below the surface.t The water might fall to
the fifteen feet level in the month of May or June after a total failure of
the monsoon in the previous year, but could not sink to the thirty feet
level except after two consecutive failures of the monsoon.

“ Results of the Analysis of four Samples of Vehar Water drawn 30th
July, 1871.

A from the surface of the lake.
B from a depth of 15 fect from the surface of the water.

c , ” 30 ” ”
D ” ” 45 " " tL)
\ A , B [o] D
Total solid matter ... ... ... Grains per gallon,| 546 |5:74 |644 |718
Loss on ignition ... ” ” 42 28 42 42
Chlorine, ... . . " |9 | 79 | 79 |109
Hardness before bmlmg e ” ” 665 700 [630 |6°65
”" after . v 560|560 [5G0 | 560
Ammonm in dlstlllntc frnm curhmmte of sodn, | f0046] 0042 -0047| 0045
» . » alkaline permanguanate, ...[ -0210| <0245 0231, 0248
4 nitrates and nitrites, vee ver ‘0126 -0210{ -0126| -0126
Total oxygen required by the water at about ] 40° F. in
presence of acid, oo *0210{ -0850| 0350, ‘0490

 Sediment of much the same character in all four specimens—light
brown in color and floceulent ; consists chiefly of vegetable débris, conferve,
a few parameria and altenophyrina also present. In no one of the four
samples was the sediment abundant, but its quantity was sensibly greater
in the samples drawn from the lower portions of the Lake.

T think the above results show that the water of the Lake is of nearly
uniform quality down to a depth of 45 feet below the surface. The only
important departures from uniformity are—1st, that the amount of oxygen
required by the water increases with the depth; and 2nd, that the amount

® It has been made for me as & personal favor by my friend Dr. Lyon, and because I could not
obtain the information elsewhere. Those who attach importance to the good quality of our water
(and who docs not) as onc of the great agents, if not the principal one of all, in maintaining the
health of the inhabitants, and thus keeping down the death rate, will no doubt appreciate the value
of thia analysis, as it deserves to be appreciated.

t The surface of the lake when the water was taken from it for analyeis, stood at twelve foet below
high-water mark—i. e., at 360°50 on Town Hall Datum.
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of suspended matter (as noticed chiefly by vegetable débris) also increases
with the depth.,

“This is more than what one would expect from the conditions to
which water stored in a large open reservoir like the Vehar Lake is
subject. The first departure from uniformity of composition will remedy
itself, for as the surface water is drawn away, the water below will be-
come exposed to the action of the oxygen of the air, and the dissolved
organic matters will become more fully oxidized by its influence. No
apprehension need therefore be entertained on this score. The second
point of difference between the deep and the surface water may possibly
necessitate the adoption of some method of mechanical straining, should
it ever become necessary to supply Bombay with water from what are now
the lower depths of the lake. If this were done, or if the water supplied
were filtered by the consumer (say through sand or sand charcoal), there
need be no fear of inferior quality, at any rate down to a depth of 45 feet
below the surface of the water as it stood on the 30th July, 1871.*

“ As the health of Bombay so greatly depends on the purity of the Vehar
water, it would be interesting to repeat experiments, similar to those of
which the results are stated above, at some time during the hot weather,
i, e, before the lake has become disturbed by the influence of the mon-
soon.”} ‘

It is impossible to gainsay the beneficial results to the town which
have followed the introduction of Vehar water.t The best proof, per-
haps, of its superiority to all other sources of supply in the island, such
as tanks and wells, lies in the fact that, although the strongest prejudices
existed in the native mind against its use, these prejudices have now all
disappeared, and the native who caunot obtain Vehar water considers he
has a just complaint against the Municipality.

Much has been said and written of the manner in which the works
were carried out, but it is not my intention to enter on this subject, as no
practical good could come of it now.

* This would be down to the level of 57-5 feet below the surface of the lake when quite full. As
this is only 18 inches above the mouth of the lowest inlet, it follows that, practically, all the water
which can by present arrangements be drawn off, would be fit for use.

+ There is no doubt about the wisdom of this suggestion, for, as 1 have already pointed out in
note on page 186, a most marked change comes over the lake shortly after the monsoon sets in.

$ No one perhaps is more competent to speak on this subject than Dr. Blaney, who has resided in
Bombay for more than thirty years—who must remember the state of the town under its old und
primitive system of water-supply—and who knows eo well its present condition.
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Jt is sufficient for me to state that the cost of the Vehar Works, instead
of being, as originally estimated, twenty-five lakhs of rupees, amounted
with interest to the large sum of sixty-five and a-half lakhs of rupees.

Let it be remembered too that three-fifths (fifteen lakhs of rupees) of
the original estimate was for a main of forty-one inches, and that the
main laid down was thirty-two inches only in diameter, In spite of the
reduction, therefore, which ought to have taken place in the largest item
of the estimate, the works cost more than two and a-half times the
original amount.

The Vchar project was commenced by-the Government in the latter
end of 1856—the main dam was completed in May, and the other two
dams in Aungust, 1858; by October, 1859, the lake was filled up to about
9 feet from the top of the waste weir—the delivery of water in the town
commenced in March, 1860 ; by September- the lake had risen to a point
5 feet higher than that which it had reached the previous year, and in
July, 1861, it was, quite full, and the water running over the weir. Since
then it has continued to fall every season after the monsoon, reaching its
Jowest level ahout June or July, when it has continued to rise again,
reaching its highest level sometimes as carly as August, sometimes as late
as October, but generally in September.

In order now to explain how the Municipality became connected with
the Water Works, and its position with regard to the Government, I myst
break the thread of my narrative, and retarn to the year when the works
at the Lake were nearly completed.

As the project was undertaken by the Government for the town, the
Government of course looked to the town to reimburse them not only for
the cost of the works, but for their yearly maintenance., In July, 1858,
a new Act, known as ¢ The Bombay Municipal Act,” was passed, and in
it the following Section* regarding the Water Works is found :—

“ The Commissioners shall pay to the Governor in Council out of the
Municipal Fund, an annual sum not less than one hundred and seventy-
five thousand rupees, on account of the expense which hag been or may be
incurred by Government in the construction of the w