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zmw ‘ ,,Jmamnm cozmmn,m mﬁo“‘ ¥
. [Vide Plates 1. ww‘]

Building dmued by W. Pummx, EsQ., M. Im CE.,

. E’nymcar R -

,Oanmucm by Rar Kmmn Lu, Bmmm, Amc Im. CJEN:
Eree, Enginer, Lakore. ‘ i

Tre new Lahore College is built as per plan’ accompanymg, (Plate IV.)
It contains' meommodntmn for 8 College, Zillsh Sdhoﬂls and " Normal
' Bohool, With & largs Exnmmmon and Lecture Hall, and two hrgerooms,
one for Library, and the other for Models, &e. .

The College and Zaﬂah School ponsist of 12 large dus rooMI8 80’ X
20' each, and 4 small’ ones 20X 15’ each, or 16 i all, of which, 8 are in‘_
 the lower, and 8 in the npper story.

The Normal School has 4 large class rooms 30' X 20’ euoh and 4
smnli ones 15’ X 20" each, or 8 in all, of which 4 are in the lower,
‘and £'in tha upper, story. The two rooms beyond the Normal School,
each 80" x 18, connected by & wide arch, are to be used as Library, and:
- Model room, and the rooms above these in the wupper story, will be.
‘used 88, Pnnclpal’s and Assistant Principal's rooms. - The Exammmm:"'
and” Lectnre Hall is 55’ x 85', with a gallery 10 feet wide all round,
access to ‘which, as well as to the upper rooms of the Normal School, and
‘the Library, is given by mesns of pucks masonry stmrcases, in two
-small ‘rooms (at the back of the hall) 10" x 10’ tnside.  Acoees to ﬁhe
upper rooms of the College, and Zillah' Schoo) is given by mesns of & wide
. -stairoase, inan aotagonal tower, at the narbh-west dorner of the bmldmg, '
' ‘l‘ha comeehng passages, and the verandabs, are m feet wide throughtmt.

| NOL. ¥§,—EBCOND SRRIES, S



. RRW M\’&RHMI"NT OQLLEOE A'l‘ IAHO&F’.

Tho hmlﬁing ,ls oenstmcta& aecordmg to the following spemﬁemm
‘ - Sﬂwmcarmﬂ

Fauadamn.u—n&ﬂer the: ground which the medmg is to oocupy, is.
[ pmpaﬂy lenred and lovelled, the foundations to be marked sud excavated, .
and ‘properly” dresied to about 12 inches wider (on both sides) then the
- brickwork, The bottom of the excavations to be carefully levelled, and
o draased, and then, three feet.of conorete (consisting of one part of kunkur
Time siftings, one part of sdrki, and one part of good fresh burnt kankur
" Yimie, well nsixed, watered, and turned over with shovels) to be givenin
, layers of six inohes each, well rammed and thoronghly consolidated ; ‘each -
successive layer being given while the lower one is wet. When the con-
“orete bed is finished, the top layer to be properly levelled, snd masonry
of small bricks laid in good kunkur lime mortar, to be executed as per
" dimensions given on plan. After the masonry of the foundations is
ﬂmahed the extrs space dug on both_ sides of the walls, to be carefully’
filled with earth, well rammed, 80 as to leave no hollows close to the
‘ founda.tmna‘ The conerete bed is necessary, owing to the loose nature of
ﬂxe soil of the foundations, which has been ascertained by excavations
! made for the purpose at places on the site, Good firm eoil is met with :
. at & depth of 12 feet below the surface, and on this account, the founda-
tions are made 18* feet deep, of which, three feet is to be concrete, and the

S »r«st filled with pucka masonry.

. Foundations of steps to be two feet deep below the surface, of which,

- one foot is to be concrete work, and one foot filled with pucka masonry of

" . small bricks,

] " Plinth~After the foundations are finished in the manner desenbed
above, the thickness of walls in the plinth to be carefully marked on the

L top of the masonry of the foundations, leaving an offset of three inches

. on either side,
. The plinth to-be built of small pucka bricks, laid in good knnkur hma
- ‘momr the plinth of the outer walls being faced with large 9* x 44" x 8"
. - bricks, thoroughly burnt, and well shaped, and properly cut and dmxed
., and laid in Flemish bond, with close joints.
L Stepe. ~The steps to be of large pucka bricks, carefally out and laid
on edge, in good kunkur lime morur, (made of nine paws of knnkur aud .

! 'a e muwﬁmozmmmmm decp, 5 mn o:mmsoteamm,mdm toot of
 ‘piicke madonry.’
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‘ona of mm hm.) wiﬂz close Joxntsn and mbbed smooth mw laum cégn;
of .the steps to be thamfered. . et

Floor.of lowser raoms and vermdaha.-—%s ﬂoou of lomr tooms and
verandahs 10 consist of weﬂ burnt flat tiles, 12° X 12° x ,2{’ enreful‘!y‘

 dressed snd laid in’ good lime mortar, (same as for the stops,) with fins.
joints, and the whele rubbsd smovth and even. The tiles of the ﬁoou to
rest on six inches of pneka mnsenry of small brwks, over s:,x mchen of
concrm, well beaten and consolidated. , .

The £lling in of earth below the coucrete to be well mnmed , ,

Floor of upper rooms and of gallery and verandahs.—The floor of upper
rooms, passages and gallery, to consist of planks 1§ inches thick, and of the
verandshs to be made of lime terrace, four inches thick, well beaten, over a
layer of flat bricks or tiles, resting on sovnd and well seasoned deodar

-wood kurries and beams, the former having 4 rest of nine inches, and the
latter of 18 inches on the walls, on continnous wall plates, except where
‘thero are chimneys. The ends of the kurries and beams resting on the
-walls, to be coated with tar, laid on hot, and a clear space of half an inch
to be left round them for the free circulation of sir. The beams to be
‘18 x 107 1aid four and a half feot from contre to centrs for the main
rooms ; 18” x 10” fonr feet from centre to centre for the small rooms ;
(18" x 12" six feet from centre to centre for the square tower ; and
14" x 7” five feet apart, for the verandahs, passsges, and gallery. Kar-
“ries for main rooms, verandahs, passages, and gallery, to be 5}” x 8%,
for small rooms 5” x 87, and for the tower 67 x 4”, all one foot from
centre to centre.

Masenry of Superstructure.—~The outer walls, outer face of inner
verandah walls, and all the exposed parts of superstructure, to be of large,
sound, well burnt, and well shaped bricks, 9 % 43° x 8", carefully dress-
ed, and lsid in Flemich bond, with straight and fine joints. The outside
brickwork to be very carefully dressed, and the monldings and ornamen-
tal portions to be properly and neatly executed, as per plan, and tbe whole
‘of the dressed brickwork to be rubbed smooth and even. . -

The bricks to be well sosked in water for two hours* pravious to bamg
put into the work, and the mortar to be made of the best fresh burnt

- kunkuz and stone lime, in the proportion of nine perts of the former to
one of mm, thoroughly mixed, and well grouud in & mortar mill.
x \ % Vide Punjab Spacifications.




| BEwW. qomsnur cmmmm mum

16’ snsonry to: o well grmxted, after. overy »course of hm’twork andl
;.‘mragd&ysm t0 be flcodéd with water jn the evening, o that sny
‘omm_es Ieft in the bmkfbvork, ‘mpy be filled with mortar, The tops
,wﬁmshad waﬂs to .be alse lwpt novmd thh water ill they are
.Nci:m plaatu, tnner. -—~Tba supmtmeture to bo ptmka phstm'ed and
whibambad inside; the mouldings round the inner pillars and archways
af thie Examination and Lecture Hall, together with the cornice of the
“hall, to be executed roughly in brickwork, and finighed off neatly in
-4 guitok, » or sulphate of lime plaster, which makes a very good cement
for interior decorations. of structures. The “gutch” plaster to have a thin
‘coat of fine white lime (made of chips of white marble burnt for the par-
pose) rubbed smooth and even. The plaster of the rest of the walls to be
~made of good lime mortar, made of nine parts of best kunkur lime, mixed
- with ‘one part of fine stone lime, and the whole well ground in a mill. The

‘whitewash for the inside, to be made of pure white lime, strained twice
through a cloth, and laid on in two or three thin coats, txll the walls
“beceine pure white,

The slender mullions, tracery of the windows, and the columns sup-
porting the north-west spire, to be of black stone, obtained from the hills
‘8t Chineote, in the Jhung District, and the bosses and pinnacles, &e., of
both the towers, to be of red sandstone obtained from Agrn or Delhi,

-and cut to the proper size and shape as per plan.

Iioof-—-’fhe roof of the verandahs, gallery, and passages, to be flat,
on deoﬂcr beems 12” x 6, at five feet apart from centre to’ oentre, over
‘which, are to be placed kurries 5* X 8”, one foot from centre to centre,
-overlaid with flat pucka tiles 12” X 12”7 x 24”, covered with four inches
of lime terrace well beaten, and finished with a coat of mud plaster one
and & half inches thick.

. Roof of class rooms to consist of large slaten, laid with an overlap of -

. exght mchee, over deodar planking one inch thick, resting on deodar bnttems
8% 2", one foot apart from centre to centre. - ‘

The tmsses 10 be as per plan and laid ﬁve feet apart from centre to
mntre.

Boatded ceilmg o be ‘given under the pnrlins and collar beums

- Roof of Examinstion sud Lecture Hall to be same as ahove, the ttus-
mﬁaingllfaetfrommntmtoeenm S . :
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"

Tlm Exsmmahm md Lecture Huﬂ to have slso, bosrded otiling nnder
the mﬂu baamn, and purlms, which is to be ornammted mth moaldmgu :
i keeping with the inside of the hall.

Thesquare tdwar to have a pucka masonry spire, faoed 'mth slwas on
the outside, 50 56 to-be in keeping with the roof of the class rooins snd
lecture hall. The oct.agcmal tower to have also slate roof on, deodar
rafters, and battens. . ‘

. The spire of the square, md roof of the octagonal tawem, to termi«'
-nate 'in stone pinnacles, and iron finials (as per plan), gilt at top,

Vent;htmg windows with venetian shutters to be provided (ss per
plan) in the spire of the square tower, and ‘the main slate roof of the
building to have two large ventilating shafts.

. Boentlings of main timbers of roofs and floors, to be as per foﬂowing

'detaﬂad caleulations :—
* L3

CavouLations of ScanrLinas oF Braxs ros Roors avp Froors, &c.
I FZat roof of verandahs, passages, and gallery of lecture hall.

Span, s . s e .. e e == 10 feﬁto
Intervals between beams from centre to centre, e = 5.,
Weight per foot, superficial, .. .. ev e = 100 Ibs,
Then, weight acting at centre of beam, or W = 10 x ‘
5 x 100 x 5 - .o . d.nl 60 -.w .o : 2’500 ” )
B.d% X 500 a
.‘ S&rength of beam 127 X 6” = %0 o= 4,320,
1. Floor of verandahs, passages, and gallery of lecture hadl.

l ﬁpﬂl, o o [X3 e ae e e == 10 f@et
Intervals between besms from centre to centre, o= b,
Weight per foot, superficial, including weightof men, &e., = 200 s,
Then, weight acting at centre of each beam = 10' x %’

X 200 x °5, oo S 0..--5000 ”
_ 5. &% 500
Strength of banm = 14" X 7' Towi =
C T x 142 % 500 8 86
W e 3 alu e se . e = ) o ”

IIL Floor of chm rooms 30’ X 20' each.

, ﬁpl% Ces e .. . . w e == 2_0 féﬂtol
LS Genml infkl”ml b@twedm bem&, ' . oee e ! 4 » '
- Weight per foot, superficial, including weight of men, &c., == 200 ibs.
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Waxghtuﬁng at.centre of beam‘_ 20 x4 x 200 X *5 = ' 8,000 fs.
Strength of beam, 18” x 107 = {3:,‘5,}2_&*5_99 w = 8100 ,,

10 % 20
, IV. Fioor of class rooms 20’ x 15’ ¢ach.
§éiu, . - . .. . .o o = 15 feet.
Jentral interval between beams, . . ee == B66
W eight per superficial foot including weight of men, &c., = 200 ibs.
‘Veight acting at centre of beam =15 x 666 X 2000 = 9,990 ,,

. 2 5% 1 0
Strength of beam 18" x 10 = T XIOXIR  =10,800

V. Floor of square tower.

}pan, ae oo ’e .o ve os e == 18 feet.
Jentral interval between beams, . .o e = 6
Veight persuperficial foot including weight of men,&e., = #00 Ios,
Veightacting at centre of beam = 18 x 6 x 200X'6 = 10,800 ,,
" P 8% x 12 x 500
Strength of besm 18" x 12" =X a0 .o = 10,800 ,,
VI. Trussed roof over class rooms.
Span; . e ee . .o .. ve = . 20 feetl,
vise, .o s (X e .o e se = 140 »
Yentral interval betweent trusses, .. .o e = 5

Teight per superficial foot of roof, including pressure of

'ind, &0., .o .e ve o . .e ,-": 150 Ibs-

‘hen, slanting beight of roof = /10 4 142 = A/206 = 17 {n ef::l;_

veight acting vertically at apex of rvof = .
2 x 17 % b % 150 .
-"-5‘—-—-?%'—‘*———'1‘ ﬁls., (X X »e e == 12,750 ”

_w
w =7
irain in direction of rafter == —- cosec : of angle of

« ve e W L_gggth of rafter
inclination of rafter = 7 X s of Toof =

—

12,750 x 17 e e e ee .= 15482 s
setional area of rafter, should, therefore, be f‘l«';:s,foo = 44 square

'te nnsupported length of rafter being between 12 and 24 times its leaat thickness. balf the
ent only is takes jnto the caleuistivon.
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inches == 9” x 5" or 45 square inches; the mnthng given, m‘de
plan, 9" x 67, mll therefore, be-ample.

Strain on tie-beam = 12,750  ; alf spon 12,750 x 17 == 9,107 ths.

ise of roof
. 910’ 7
Beot}onpl ares of tie-beam, should, therefore, be — For 700

inches, or about 5" X -5” ‘only, but as the tie-beam has to sustain
the weight of a boarded ceiling also, its scautlings have been made
12" x 6" as per plan.

Strain on king-post, . . . e = 12,750 s,

12700
Sectional area of ditto = T of 705

The scantlings given on plan are 8" X 6", or 48 square inches at the
wenkest part.
Strain on braces =

== 26 square

. v = 86 8q.inches.

12750 _, Length of brace
9 Rise of brace

x 7= == 8,200 Ibs. nearly.

127-»0

Sectional area of brace, should, therefore, be ;Ef— 706 °T 24 square inches.

The scantlings given on plan, are 6" x 6", or 36 square inches which
is ample.

Purling to be 6” x 4” at 8} feet from centre t.o centre,

Ridge pole 9” X 5”.

Commaon rafters 8” X 2", one foot apart from centre to centre.

VIL  Trussed roof over examination and lecture hall.

Spﬂn, s . .o X . e ve —= 85 {eet.
Rise, .. .e e ‘e . . e = 27
Central interval between trusses, . . e = n .,
Weight per superficial foot of roof, including pressure of

wind, and weight of trusses and ornamental wood-

WOl'k, &c., ow .o e ee 'y se = 100 Rﬂ!.
Then, slanting height of roof = &/TFE X 275 .. = 82 { &%
Weight acting vertically at apex of roof =

2 x 82 x 11 x 100, = 35,200 ths.

-~

3 ] — ax Length of rafter
Strain on rafter = 85,200 x ~Rise of Toof

35,200 X ‘:‘? e . ae .o e == 41,718 lbs-.



" Bectional ares of rafter =
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41700
700,

' scaﬁ‘tlings of 10" X 6". Scantlings given, are 12" x 6.

= 60 inches nearly, which gives

Strain on king-post = 85,200, and its sectional area =

,.._3—'3?29.. = 60 inches
4 of 700 " . ** . - .= nearly.

Bcantlings given, 9" X 6" at weakest part.

Strain on tiebeam = 85,200 X 1T .. .. .. = 24,640 ibs.
- . 24640 — 8q. ins.
Sectional area of beam = Fof700 °° . e =70 { nearly.

Bcantlings given, 12" x 6%, or 72 square inches.
Vertical strain at head of braces = (32 x 11 x 100) § = 17,600 Ds.

Length of each brace = o/ TH7 x 525 o e = 5D feet.

Strain on each brace = 17,600 x g—% se o = 21,511 1hs.

Sectional ares of brace = 'ﬂ%?%ﬁ = 386 square inches, which gives
the seantlings of braces at 6" x 6", .

Weight on each unsupported portion of purlin = 114 x

100 % '5 e .e .o . oo e == 2,200 ms.
Strength of above portion of purlin =10 % 0 x 500 = 2,727 tbs.

Weight on each unsupported portion of common rafter
=4%x1xX100 x 5 . . o .o = 200 Ds.

8 % 2 X 500
——rTe——— 2

T 225 tbs.

Strength of above portion of common rafter

The scantlings of the various pieces may, therefore, be as follows :—

Principal rafter, .. . . . . o 12" x 6"
King-post (in the middle), .. . . v 9 x &
Tie-beam, . o . . . o 12° x 6"
Braces, .. o e o o . o 6" x 6"
Purlins, .. ve . ve . . oo 10" x 6
Common-rafters, . . . . o 8 x 2
Ridge pole, .. .o . . . w 12" x 6
Wall plates, large, .. . . . .- 6 x 4

” » small, . . v .o e 4" x 8
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Vertml piecea for omumental panelling, N . 6 'x 6"

“» ” » . .e e G X 4
Honzontal pieoes for | ee ve e 12" x 6
Framework of panelling, . . e e 2}" thick.
Panals, .e .o . e .. .. 1” do.

The sbove seantlings will be ample, as the best picked deod.a.r wood
will only be used for the woodwork of the roofs.

Doors and windows.—The doors and windows to be made of sound
snd well seasoned deodar wood, 2} inches thick, with mullions §-inch
* thick; joints to be accurately fitted, and dimensions to be as per plan,
The doors and windows to be glazed as shown on plan, (except the upper
windows of the towers, which are to be venetian,) to be fitted with English
‘bolts, and hung on English hinges. The fanlights to be made to open and
shut for purposes of ventilation.

Pucka cornice—The outer and inner cornices to be made of dressed
pucka masonry of large bricks, set in good kunkur and stone lime
mortar, with fino joints, and the mouldings cut properly in bricks.

Iromwork.—The railings in the archways of the upper story, and
the finials of the two towers, to be made of iron, properly worked, and
the finials to be gilt at top.

Painting and varnishing~—All the woodwork of roof and flaors; doors,
- windows, venetians, &c., to be properly varnished, of tin wood colour.
Iron railings to be painted black, or of slate colour.

Pirtures—A. wooden staircase with railings, to be provided in the
square tower, and the whole of its woodwork to be properly fitted, and
varnished. Punkabs with hooks and ropes to be provided for all the
rooms.

The work to be carried on as quickly as practicable, after date of com-
mencement. And after completion, all the rubbish and spare materials to
be removed, and the ground trimmed, and the whole place made tidy and
put in a proper state, to be made over to the Kducational Department.

Aszstract oF Cost or NEw Corneem axp NorMar Scmoor aT Lamorz.

" Fartimork,
¢ ft. B,
3,94 122 Excavation of ionnéutnon, at By, 8 per 1,000, .« . o 1182

8,78,720 Earthwork of approaches and filling low ground, at Rs. 4 per 1,000, 3,495
, ﬂ Carried over, .. 4,677
VQL. VI,—BECOND FERIES. B



10

%7
+1,58,500

90,955
1,18,161
28,475
8,588

. ft.
7,764

4,982

2,219

o ft.
782

8, ft,

20,272
7,842

11,563

s, ft.
77,654
14,895

77654
86,688

e, ft.
1,258

4,245

s, ft.
23,636
2,890

11,601
12,186

NEW GOVERNMENT COLLEGE AT LAHORE.

Bﬂ'oﬂght forwll‘d. ."

Turfing of ground, st Be 8 per 1,000, o0 w0 o0 o
Cleu'mg rubbish after completion of work, at Rs, 8 per 1,000,
: Road Metal.

Brick foundation of approaches, at Rs, 4 per 100, o
Kunkur motal of approaches, at Rs. 8-8 per 100,.. .. .

Bricklayers’ Work.

Concrete work of fonndstion, at Rs. 14-12-6 per 100, .
Pucka masonry of fonndation, at Rs, 18-5-10 per 100, .. .
» » plinth, at Rs. 26-3-2 per 100, .. . .
w " stops, at Rs, 84-0-9per 100, .. .. .
P superstructure, at Rs, 36-13-6 nearly,.. ..

.
.
-

Ipner cornice, at Rs. 0-4-} per foot, v e o e
Outer cornice, at Rs. 0-13-2 per foot, .. . .
Dreased outer mouldings of upper story, at Re, 0-6-6 par foot,. .

Ornamental parapet, at Rs. 56-11-1 per 100, .. . o
Flooring and Roofing.

Tiled floor of st story, at Rs. 16-11-5 per 100, .. .. ..
Tiled floor of 2nd story, at Rs, 18-12-9 per 100, .. ~ .. .
Flat roof covering of porches, and upper verandahs, &e., at

Ra 11-15-8 per 100, o . v . e s

Plastering and Whitewashing.

Plain inner pucka plaster, at Rs. 4-12-6 per 100, .. e .
'Ornamental plaster of moulding of hall, at Rs, 11-3-2 per 100, ..

Fine plaster of mouldings of hall, at Bs. 5-1-8 per 100,.. ..
Whitewashing, plain, at Rs. 0-4-2 per 100, . v e
" rubbed smooth of do., &c., at Rs, 8-8-10 per 100,

Masons’ Work.

-Bed stone work, including carriage, at Rs, 4-13-8 per foot, ..

Chineote stone work, including carriage, at Rs. 7-3-5 per foot, ..
Slaters® Work.
Slate roof covering, at Rs. 47-18-6 per 100, e e e
Shta facing of spires of towers, at Re. 26.14-6 per 100,.. ..
Carpenters’ and Joiners’ Work,

Boarded flooring of 2nd story, at Rs. 28-10-¢ per 100, .. o
Doors and windows, at Re, 1-7-8 per f00tyes ¢ o 1e

Carried over, ..

4,877

476
565

954
2,028

18,444
21,701
7,460
1,322
1,04,422

1,952
4,089
896
415
-8,388
1,880

1,885

8,713
1,612
1,188

1,189

8,081
80,630

10,640
643

8,360
17,055

2,47,607
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© Brought forward, ., 3,47,507

venﬁuﬁncahafb,utnn.zﬁlead:,

Boarded ceiting of slate rmf, st R 0-8-8 per foot murly,
Planking under the slites, at: Rs, 0-3-8 per foot nearly, ..
Puonkahs, at Re. 0-8-1 per foot nearly, .. .. as .
Wooden staircase, at Re, 3-0-0 per footnearly, .. ..

Long timbets for trussed roof, at Ra. 3-4-8 per foot nearly,
Short timbers for trussed roof, at Rs. 2-2-5 per foot nearly,
Long timbers for wooden floor, at Ks. 8-3-5 per foot, ..
Short timbers for wooden floor, at Rs. 2-4.6 per foot, ..
Long timbers for fiat roof, at Rs. 8-8-8 per foot nearly, ..

- Short timbers for flat roof, at I 2-2-9 per foot nearly,..
Burgahs and wall plates for flat roof and wooden floor, at

1-12-6 ver foot nearly, . . . . .o
Smiths' Work.

Iron railings, ornamental, at Re. 8-18-8 per foot, .
Iron ridging, at Rs. 2-12-0 per foot, .o . .

Iron for trusses of hall, at Rs. 25.0-0 per maund,.. ..
Tron for trusses of other rooms, at Rs. 21-0-4 per maund,

Lightning conductors and clock, .. . . .
Iron finials for towers, at Rs, 250 each, .. .e .

Total Rupees,
Add contingencies, at & per cent., . .

1
RS,

X3 . 502

. 8900

o 4647

- 1,244

‘e 447

‘ Very Ioug timbers for trussed roof, at Rs. 8-13-1 per foot nearly, 428

. 1,956
e 8,284
“e 6,268
o217
.. 1,120
.o 8,910
Rs.
. 7.789
e 4,692
.. 1,110
.. 2500
.. 3256
.o 4,000
.o 500
.. 8,05274
. 15,263

Grand Total Ropees, .. 38,20,537

K. L.
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No. CCXV.
RAILWAY DIVIDENDS.

By Maor T. F. Dowmg, R.E., dssoe. Inst. C.E.

Ix the following paper, the author has endeavoured to shmmarise a fow
of the leading points which have come under his observatibn’ during the
last five years in connection with the economy of railway construction
and working, while employed in the Consulting Engmeer 8 department
under the Government of Bombay.

The rate of progress and expansion of the system of Railways in India,
under a guarantee from the Indian Treasury, being a matter at the pre-
sent time depending almost wholly on the dividends received, must make
it an object of the first importance to ascertain all the leading principles
which directly affect the dividends, and it is very certain that some are
apt to be overlooked. It is not the object of this paper to refer to the
considerations which may render a railway desirable at all, or to the
political and commercial reasons that may influence those considerations
in its location.

They must all, howeyer, be more or less subordinated to the ways and
mesns, and provided there is scope for the operation of raflways and
capital forthcoming to make them, the first object is then to secure capa-
bility in exact proportion to the requirements, at least cost for greatest
dursbility in construction, with facilities for working at s minimum expense.

* The author experiences some diffidence in treating a subject on which

86 little appeats to have been written, and does not claim to do more than
put forward a short paper embodying the views he has been led to form
mth the amount of information at present open to him. '

‘The~subject is such & wide one for iuvestigation, and has so meny
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mm;ﬁcaﬁona, thnt it is extmme}y diffonlt to avmd d;ﬁ'me‘nm and stick
‘to leading points. It is very certain that errors of detail, involving large
sacrifices of capital and ﬁn’ldw&ﬂ ‘must occtr, unless  the iea&mg prin-
ciples of reilway practicorgre clearly understood. ~ Just as it is necessary
toproceeci from the gteat trianguletion of a survey to the smaller, and
from theénce to the field survey and plane table to make all parts fit i in, 8o
it is necessary in the case of railways to fix the bearings well before we start,
and it is proposed in the present Essay to indicate seme of those principal
bench marks which must of necessity come more immharly uuder the eye
of the Engineer than of the financier. '

RatLway DivipenDs.

The net earnings depend on-——

#A. (i), The gross receipts from the work done;
(i). 'The gross expenses for doing the work;
the difference between these constitntes the net earnings.

The dividends which may be declared with a given net earning depend

on the amount of capital sank in providing the machinery.
. B, The capital necessary for providing the machinery consists of
(1), Cost of actual constructive works (labor, materials, supervi-
sion, &c.);
(2). Cost of land, law, compensation, &e.

The former (1) is alone concerned in the watter of the power or capa-
bility of the machinery to do the desired work at least cost, and on which
both the gross earnings (i), and gross expenses (ii), must largely depend,
and it is highly essential, therefore, that cconomy and skill should be spe-
cially secured in all construction. It is the particular province of the En-~
gineer to endeavour {o attain as near to perfection as possible in regard to
these matters, and secing the importance of the subject, it is not to be
wondered at that projectors should hasten to avail themselves of the best

engineering talent procurable.

It is very clear, therefore, that for financial success, capability of ma-
chinery must. a¢ least be in proportion to the cost of it, other things being
constant, but it will, perhaps, be seen further on, that by careful adapta-

“tion of the size of the machinery to the work to be done by it, capability
may be got at a diminished cost per unit, the larger the number of wnits
~of werk to be done, by transferring es large a proportion of the work as
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pamb’&e fmm Whi&e mmm W of hwt and the ﬁumb:‘my
.'qum'tals. DERY
Anmom,wﬁl undnmmd i&yﬂ it dm, that ummhme shou}d be
' pmporﬁuned to the work it has to do, and aljyihe parts of the machine
shotld bear- & constant pwoyoman to ene another and the whole, whwh it
is 88 well to bear in'mind. '
" Itis very evident, therefore, “thst in conmdenng any of the elements'
which go 1o affect the dividends, and which may be grouped undzr three
principal heads—
 (i). Gross receipts;
{(ii). Gross expenses;
(iii). Cost and capability of the mnchmery,
we shall fall into error if we negleot to consider the influence which an al-
teration of those elements under any one head will have on the dividengds,
through the action exercised on elements comprised under any of the other
principal heads.

As rogards the cost of land, law, compensation, &ec., in construetion (2),
the charges form amonnts depending on the comparative prosperity of the
country, the demand for land and absence of legislation for acquiring it at
a market value apart from the special value conferred on the land by the
demand for railway purposes. These charges, while they in no way go to
increase thecapability of thelines for work, resultin alarge diminution of the
dividend from a given net earning ; on the other hand, those net-earnings may
be sustained at a high figure by the high rates which a rich and prosperous
people may be in a position to pay for transport. 8till, it cannot be conced-
ed that high rates are in the interest of the community generally, and the
only way that low ones could be secured with highest dividends would be
by legislation transferring the burden of the unproductive capital cost to
the public generally, but this could oniy be done with a system of rail-
ways constructed and worked by the State in the interest of the public.

The advantage of State agency would not be fully realised except by
legislation to restrict excessive compensation and to simplify the law pro-
cesses, &c. This would bepefit the community at large, thoogh it inight
resttict the area of individual private gain from railway constrnction.

‘The- transfer to the State of all the existing English railways: at- the
average market rate of ‘all the stocks, would apparently not be attended
with. extraordinary difficulty, and would not probably involve a larger in-
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tmm: peyment than the avemgo presmt net wmng of all the railways

taken together; and, indeed, as Government could raise money chesper '
then, pnvm companies, if is wy pmhabls there wonl& he s mrgm of
profit. -

-~ @, I the mnstmetmn cupltal B (1) m}ly represeuts the momm.l
cupabihty of the line for executing & given quantity of work in a fixed
time, it is evident that with & fixed constraction capital spent in applisnees,
the grose receipts cannot be inereased by augmented quantity of traffie,
for the line canmot sarry it. But the receipts may be increased from
increased rates, provided the number of units offering be not in conse-
quence diminished, and there is no limit to the rates which companies
may charge in their own interest, but that which tends to prevent the line
receiving the full quantity of traffic for which it is designed. ‘

Bat it is possible by capi’tal additions to increase the capability of lines,
often in a greater percentage ratio than the percentage ratio of increased
cost. Buch capital additions generally take the form of improvements
and new inventions, which are legitimately brought to bear to increase
the eapability and consequently the receipts, but the limit to their intro-
duction is when the expenses of working are increased by them in the
same or & greater ratio than the interest of the capital cost of them, This
is not seldom the case where the additions or inventions tend to throw too
large a proportion of the whole work per unit on to skilled labour in work-
ing. A striking exemplification of this can be feund in the number of
accidents on over-worked lines attributed to the fallibility of human
agency, and which would have been avoided in a system combining a
greater proportion of mechanical efficiency and certainty per unit of work
done, only obtainable through a proper proportion of lines of rails, sidings,
&e., for & given quantity of traffic on a given gauge.

D, What we want to know, therefote, is~-the economical capability
for & given capital.

It wust clearly mean that quantity of traffic which gives least cost per
unit conveyed, consisting of working expense (a), and interest on the cost

of costrugtion (), taken together. «

It nms!; 8150 be clear that under these circumstances alone can the divi-
deud be largest; provided the rates are maximum fixed, but not higher than

will adwmit of the lins reeemng the full economical quannty of traffic for
whith it is designed. -
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ean:tell whet the vost of csrrying. Mx unjts of traffio is, and they maust
therefore bé! working in ths dnwk 88 rega,rds the best effect their capital
‘-expemdatnre is capable of prodnung in regard to- dividends, if carefully

watched in every particular and aﬁ;umd to. R number of nnits of traffic
- offering, under all circumstandes, 50 as to render the employment of least
Iabour necessary per unit, and to tranufer the largest pomon of the whols
power required for all the units to the agency of machinery, at thie same
time taking carenot to provide more machinery than will render the charge
for mterest on the cost of it per unit least.

E. Now as regards rates which may be-cherged, these depend on tbo
denisnd for accommodation and the powers possessed . by companies
through monopohes to vestrict it by high charges.

In the absence of monopolies, it is certain that competxtxon must sooner
or later tend to provide new lines, and reduce profits where they are high,
till a level of the ordinary raté of interest for good security is reached.
With the abolition of monopoly, which would result from a comprehensive
Btate sybtem of railways, excess profits over the ordinary rate of interest
for good security would disappear in the reduction of rates and fares, which
it would be to the interest of cvery individual in the country to obtain.

Not only are the public at present charged too high for the gervice ren-
dered, owing to the monopoly of the highways by private persons, but the
very dividends coming to these persons are severely diminished by the
excess capital charges under the system which has obtained for land,
compensation, &c., B (2), which are estimated to have amounted, in Eng-
land, by some authorities, to one-third of the total expense of the lines,

‘The only part of the excess fares charged the public by the compa-
nies, which is recovered by the country, is the passenger duty, A
duty on locomotion cannot be & good thing in itself, but counld not be
foregone under the circumstances. It is, however a concurrence of the
country in a form of tax tending to restrict development, which might
have been better sustained in the shape of interest on cost of land, &c,,
acquired for Btate railways.

Thie waste of power, which could only have occurred ina countrf om— .
burdened with activity and riches, calls for attention now that there is'a '
general dullness of trade and a want of employment for capital and labour,

The evils of unpunctaslity snd dreadful accidents chiefly occurring on
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the overtaxed lines, thongh they. have pcoupied the sttention of all
authorities for years, have neoessarily proved irremediable; the system of
capital expenditure under whwh tksy hava been yrodnced would sufficiently
account for them. PRy

We know well how the best energies have been broaght to bear on the
signalling department, on peints and eromsings, telegraphy, and other
machinery, all of which has seriously gone to increase the element of
human fallibility, while et the same time increasing the working expenses
for labour and also the capital cost of the lines, whereas perhaps much
mote real efficiency and safety would have been gained by an expenditure
of capital for new or relief lines, sidings, &c., on a less complicated sys-
tem of working ; the dividends would very probably be increased by the
proceeding, especially where companies can borrow for constructive works
at the market rate of interest, and throngh them obtain a power of earning
at & monopolist rate.

It is woll known that machinery can effect work cheaper then labour,
yet much energy’ appears to be lavished in increasing the proportion of
labour of the lines, while economical capability of performing the work
through the agency of durable works, materials and machinery is withheld,
merely to save tho interest on the capital.

"The fallacy of supposing it possible to close the capital acconnts of a
Railway with & growing traffic will be very evident from the above
considerations.

F. Now to consider the economical capability as defined under letter
D. It is as certain there is a fixed limit to it as that there is a limit to
the weight a given girder will bear, the load a horse, donkey, or man
will draw- at given speeds, &c. If this limit is not ettained on the
one hand, or is passed on the other, there will inevitably be increased ex-
penee, or loss of power somehow or another.

. The rates may first of all be eliminated from the question of cap~
ability of the works, and then we have simply this definition for the limit.
“That quantity of traffic which gives the least cost per unit conveyed,
the cost being made up of working expenses (1) and interest on the cost
of the works (2).”

(a) If there is littls or no traffic on the line there will still be a
‘large. charge for interest on the cost of the works. The
- cost per unit will be & mazimum.

YOL. V1.—BECOND SERIES. ©
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(&} I! there is no railway, '

' For interest on cost of the works‘ ‘I‘he cost: per unit mll be

& mingmum.

- For working txpma. The cost per mut will be a mazimum.

.3 there is u railway and some traffic we must get all the gradations of
0086 per unit conveyed between the limits of (). and (8), according to the
size and cost of the railway and the quantity of traffic over it,

H. With an increase of traffic from #i/ to & maximum for a given
railway, the cost per unitof traffic for interest will diminish; and if there
were no difference in the working expense per unit, with varying quantities
of. traffic, there would be nn limit to the quantity of traffic we should not
seek to impose,

~ But the contemplation of an unlimited traffic is first of all opposed to
the axiom that a machine should be proportioned to the work it hag todo,
snd would imply an advantage in an excess of capital expenditure for &
given quantity, which is contrary to what we assume as desirable; and
secondly, there is & large difference in the cost of working units in pro-
portion to their number for a machine of given size,

If a railway is to be made to work only a single unit, it must be maintain-
ed, The charges for this form a considerable itemin the expenses, indepen~
dent of the work. Then there are charges for direction, management,
and establishments, without which a single unit conld not be conveyed.
In fact the expenses may be wholly divided into two great classes—

(c). One containing all those depending for their amount on the
work actually performed ; :

. {d). The other comprising all those dependmg for their amonnt on
the seale of construction.

Under the former head (c) may be classed every expense caused by the
actusl movement of trains, and these principally comprise the following
items, stated in the proportions which at present seem to the anthor to
result under the most favorable conditions :— R

Head (¢).
Train Staff, = ., . . ., w1 ,
Refpmm of permanent way, . . ++ 1 due to work done,

 arried forward, .. 8
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Mammnu o£ roilmg stact, 3 a.. . 0} , dneto work done.,
Fuﬁ]l Y 1A N .q. -’k,‘ . . 2 e & } .
Grease, oil, wasto, &e. e Q‘{W ling cleaning
Train stores,. e e 0}
'Total,

Flead (8). Repairs of permapent way, {dﬁ?ﬁmﬁ.‘m’“
Rolling stock, .. = .0 . . 0} Do,
Administration of all depariments, . 1
Miscellaneous, repairs of buildings, &c.,. 1
Station staff, .. .. .. . 1

w  water for locomotive engines, . 0}
»  Stores for traffic department, . 0}
Total,

Grand Total, .. 10

I. Now it is possible with a given scale of construction, to alter the
proportions of expenditure under these two great divisions.

First to ronsider if too few trais are run—If only one trein was run
in a day, the expense under (¢) would be small compared with that under
(¢). Endeavours wounld then be made with considerable ruccess in such

, cases, to reduce the charges under head (d) to a proportion with the
i small charges under head (c); but it would be impossible to take off any-
L thing for repairs of permanent way and rolling stock due to time and the
gweather, which wonld be in proportion to the scale of the constraction, or
to bring down the other charges to a low enough proportion with so small
& quantity of work, and there will be an excess cost per unit in this class
{ of items at least, and the inference must be that the line has been con-
structed on too large a scale. With an increased number of full trains
the charges under this class per unit will continvally diminish up to a
eriain point, while the charges under head (c) for the movement of trains
will, up to that point, not be materially altered per unit.

Next if too many trains are run with a given proportion of rolling stock,

t would result in a higher average velocity of all trains in order to get
hrough the work in the time, and this means an increase in all the
arges except train staff under head (c) per unit performed.

Again, if the line has been designed with too large a proportion of

plling stock for the accommodation of an excessive traffic, and a single
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‘compensation from revenne which might have been avoided with a smaller
number of trains running, an excess cost per unit will have been oocasion-
-od traceable 10 the smallness of the scale of construction, or dispropor-
tiotr of parts, and the excess will appesr under nearly all the items of
expense in class (¢) while at the same time some ¢harges for exvess work
tnder head (d) must also be increased, notably “ station staff, ” “ water, "’
“gtores; ™ also the durability of the permanent way and rolling stock
will be materislly affected with & disproportion of capital expemmre on
the one or other for & given railway.

Unless durability is attained, either by limiting the work, or increasing
the size of the machinery, and consequently its capital cost, 80 a8 to makse
the repairs equal to the interest of money, there must be a loss in work-
ing expenses more than regained by insufficient capital expenditare. The
loss makes itself apparent throngh the withdrawal of parts of the ma-
chinery for too frequent renewal, or the keeping up of a larger stock than
would otherwise be required, if the work is not to be interrupted to effect
the renewals, and this applies particularly to the rolling stock ; while, as
regards the permanent way, the frequent renewal of rails, &o., evidently
causes the labour and carriage of the materials to the site to form so much
a larger proportion of the whole cost than if less frequent renewals were
necessary, and besides that, there is a great waste of time of men endea-
vouring to keep the way in order between too rapidly following trains,

- and often the work has to be done at night at the expense of mcreased
wages.

J. Itisin the adjustment of the size of the machinery to the work
to be done that we have the power of reducing both the great classes [H
(¢), (d),] and each of the sub-divisions to & minimum,

The smaller the scale of construction of the whole machinery the
sinaller will be the charges under 'head (d); but with reduced size, res-
tricted capability follows in proportion, and with a given capacity, the
number and size of the trains is a fixed quantity, and if this be the case,
the gross charge (c) depending on it must also be a fixed determinable
quantity, and the charges under head (d) depending on the size of the
machinery as a whole, must &lso be proportioned to the charges (c) which
dcpend on the namber of units of work done.

K. But neither class of charges per unit can be constant, for it is
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if there is full work for them according to their capacity. To recognise

the trath of this, we may take an example.

1f & oart and liorse with a single driver will suffice 10 take. one toua
given distance, it will be cheaper. pet ton, to ponvey two tons. in & larger
cart.even, employing two horses ; for not enly will the same driver per-
haps. do for both, but in the-case of the larger cart, the additional strength
and weight of the vehicle will not add double the dead weight to be haaled.

Neither the mechanical work nor the human labour required will be so

great per ton of freight. Exactly in a similar way does the size of

machinery lead to the economy of mechanical or human effort in every
case. . :

The larger the machinery, the cheaper the cost of doing a unit of work
with it. Bat the financial success of machinery demands that no more
capital should be sunk than will just provide facilities for doing the
total pumber of units. Here at once is prescribed the practical limit
of cheapness which it is possible to attain, for it depends evidently on
the nnmber of units of work forthcoming for machinery to be employed
upon. .

It wﬂl be too great a dxvergence here to attempt to examine the dif-
ference of cheapness for different sized similar machines, but the sum of it
appears to be the substitution of the maximum paying amount of mechani-
oal for humsn agency in doing the work and dividing the remaining human
effort for working over the greatest number of units of paying work,
but restricting the machinery to the exact size required to complete them,
and no more. ‘

L. The whole expense of working or production is then made up of
interest on the capital representing the annual cost of the least quantity of
mechanical power that will suffice D (b), and the cost of the minimum
amount ¥n working and maintaining that power D (a), and for these two
classes of cost to be both least, the size of the machinery must be so
limited, and its mechanical efficiency so perfect that each may be half the

_whole, or interest must equal the working expense.

If mechanical efficiency per unit is to be obtained in proportion to the
capital expended per unit, and the power of the machine to do a given
number of such units can be made in proportion to the whole capital, then
the greatest effect per unit with least size of the whole rachinery will
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mﬂuwhmaqm{mmuof eapml maxpendedm u aﬂ'm»ncy on the
one.houd aad “ sufficiency ".on the other. .

‘With grestest efficiency per mnit ensived, the least sxpense of produc-
ing & unit mast result, snd with a capital sufficient, but not in excess of
the requirements for the wliole number of units, the oot of saﬁ'mmcy per
vait for interest must algo be least,

' When efficiency, ard sufficiency per unit are eqml &he maﬁhmsry is
emtly soited to the work, and the test of all of them will then bs when
the working expenses equal the interest of the cost of consteuction, and
the least total expense for both interest and working expense taken
together will result,
 Thus it appears, that when the machinery is perfectly worked--work.
ing expenses will equal interest on construction, and—the charge under
head (), paragraph H, sometimes. called  fized charges,” will equal those
under head (¢), usually called ¢ train™ or “ movement” charges,

. All the subordinate heads, both of “ constrnotion and working ao-
counts,” will undoubtedly also have direct relations to one anmother for
the best effect ; some of them have been attempted to be investigated by
the Anthor in his “ Notes on Railways,” which it is not possible to in-
troduce here.

It also appears that better classes of machinery may be employed with
grester effect, the larger the number of units of work to be done by them.

M. Now this all agrees with what we know of machinery in general;
snd all mechenical appliances. As regards construction, an instance may
be taken of the progressive improvement of means of transport.

1f a single unit has to be conveyed, it is bighly probable that it may be
done by an ordinary labourer without any preparation whatever, who will do
it cheapest, 1f more, then a wheplbarrow may be brought into operation,
with a few improvements in the road, the addition of a plank or two, &c.,
&c. Next, a horse may possibly find sufficient employment, and if many
loads have to be taken, we may invest in ‘a cart and improve the surface
.o the Toad to lessen the traction, which, ‘while it has the effect mechani~"
cally of increasing our horse power, does go at an expense for the replace-
ment of hard material in the road, instesd of & grester onefor the kesp
-of horses and men in doing a great part of the paying work. - From single'
bores and carts we may prooeed to maendamised surfaces, and teams and
wagons, shways improving in every direction equally, s0 as to keep ﬁmvnf
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the human agency.and sunimal power #s low as possible, yet endesvouring,
all we know,to improve the road surface and gradients to sugment the
power of those elements to t}ie ufmost consistert mth t.he cs.pihl onﬂay
warranted by the number of paying units. ;

In this way we find it chesper, -as the traffic mereaées to. w'iden ﬂm
roads, bridge, snd.metal them. Finally we come to mlvnys, the most
efficiant machinery yet invented for genersl transport purposes, which ean -
be made on & small scale or increased in size to suit the traffic, and them
we. apply engines instead of horses, and iron and steel instead of road
metal to sustain the work.

N. Ifitis true that machinery should, in whole and in part be pro-
portioned to the work it has to do, all the parts of a lewu.y should for
the best effect be proportioned to the gauge.

Efficiency and sufficiency will be best provided for when the gauge is as
the square root of the *“ work™ to be performed by it, whether that work
be the overpoming of friction, wind, or gravity.

For, in order that least cost per unit of work, and least cost of machin-
ery, may ocour, it is necessary to proportion the size of the machinery so

 that it may always be fully employed, and no more or less, as long as
‘any expense is being incurred for it. To proceed to fix the size is a mere
matter:of arithmetic. The whole traffic being given, it may be divided
ioto s given number of trains a day of fixed size, weight, and speed. They
must each have a complete length of line blocked clear, within which trains
would be under complete control, and all the line clear lengths must have
single trains running on them throughout the entire day, since wages are .
paid by the day. Ia this way the whole machinery will be working at its
maximam of efficiency and safety, while the expenses varying with the
size of the line H (d) should proceed at equal rates with the expenses (c)
for the movement of units and the whole number of units required will be
completed in the day’s work, :
~ By this arvangement we shall’ have the smallest train loads that will'
suffice for the whole traffio, and it remains then only to adjust the gauge
80 88 to provide engines of given power with maximum stability for least
distance between the whesls. A great deal has been said in regard to
the precise gauge most suitable to a given guantity of traffic. It is evi-
dent that the gange can only be acceptod as a standard messare of the
capacity, if all the constructive parts bear the same proportion toit, in-the
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 partioular mhvm mmed, for with my dtentaon in tha best form for
the application of materials to construction, loss must ooeur somewhere, .

-The principles which determina the gange with reference to.the engines,
also determine the sise of the vehicles from the gauge. The dursbility
they shounld have will be sttained by the disposition of .a .certain weight
of material in best form, affording safficient capacity with greatest stability.
With grestest durability of the rolling stock the smaller the number
of vehicles and engines that will be required, but thers is & limit to the
durebility desirable when it is to be attained by a per ventrs increase in
working expense owing to an excessive quantity of material being employ-
ed; such expense will make itself apparent under nearly every head of the
revenue acoount H (¢), and begides that, there is a loss in euch & case, of
some capital uselessly sunk in the excess material. On the other hand,
too light or unstable a constraction for given loads of freight leads to
undue wesr, and aleo to the same necessity for a larger stock of vehicles
than would otherwise have been required, to provide for the withdrawals
for more frequent repairs ; the unstability or lightness also render it im-
possible to maintain the same epeed as could otherwise be adopted, and
consequently with a given amount of material the same total paying work
cannot be performed in a given time, or, in other words, there is loss of
power, which is the same thing as inereased expense. The limit of dura-
bility appears to be when the repairs squal the rate of interest of money, on
the cost of the vehicles or permanent way. Also since the durability has
strict reference to the loads of freight and the velocity of trains, and the
velocity is a destructive agent, taking effect equally through the freights
and the vehicles for any given railway, and since the vehicles have ulti-
mately to sustain the total destractive force of both, the durability will be
greatest with the best form of vehicle, when the amount of material init is
limited to the amount of paying freight it is destined to carry.

It appears to the author that if these principles be kept in view the
result will be that there will be neither waste of capital in trains or in way
or worke, and that the expense of the whole working will then be equally
divided between the trains and the general management H (¢, d), and thess
expenses will with ordinary skill in direction be found to be at their mini-
mum while the line will be working at it maximum with grestest eafety. -

O. From what has been ssid it appears that reilways must csry more
cheaply the broader the gange, provided there is foll traffie: for theni in
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proportion to the square of the gauge, and that thoughit may be possible
to execute the same amount of work on a double line of smaller gauge as
on a single one of larger gauge, yet it cannot be done as cheaply per unit.

This ssems to have been thoroughly understood by the great engineers
who projected our first railways, and led to the adoption of ganges in
in each case supposed to be suited to the probable traffic. But genersl
commercial interests and considerations of public convenience have in
most countries compelled the subserviency of the private interests of
separate undertekings to the extent of the acceptance of a standard gange.
It is, therefore, no longer practicable to suit the gauge to the traffic in all
cases, and an average has to be adopted. Where the single line of &
standard gange has not sufficient traffic, there will of course be some loss.
of net earning for which the gauge is not so much responsible as the pro-
jectors in overestimating the value of the traffic, or making the line at all.
The consolation in such a case is, that the provision of railway com-
munication in any locality has peculiarly remarkable effects in causing
traffic to grow, and it may only be a matter of time to bring the line into
full work ; while, on the other hand, it seems that, if we cannot suit the
gauge to an exceedingly flourishing traffic, we can at least restriot the
amount of it to any one line of rails and other appliances, and by'judici-
ous proportionate extensions on capital account can perhaps improve our
dividends.

The proportions maintainable in & railway are as unique as the parts
of au engine, or a girder of 8 bridge. 'What would be said of an engineer
who proposed to get increased power from a locomotive by putting addi--
tional cylinders to it without increasing the size of the boiler or any other
paris ? i

The best design for a railway, like for other things, may be a matter
of opinion, and is open to the test of practice. The success or otherwise
will be proved by efficiency and sufficiency, which certainly do not contem-~
plate the inclusion of accidents from failare of design, or the attempt to
exact infallibility from human skill and sgency in the working o make up
for insufficient or ill-advised capital outlay.

Efficiency and sufficiency can both be tested to a great extent by the
figures which should be obtsinable from the accounts branch.

. Requisitions for increased accommodation should always be tested by

them, and very often accountants will be able to indicate in which direction
VOL. VI,==BECOND SKRIES. D
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- economy can be'attained, sometimes by additional capital outlay, Itseems
olear that with proper information as a guide, the working expenses need
never excoed the interest of the capital nsed in constraction per unit of
work done, and that the least total cost per unit will then bo attained with
the maximum safe quantity of traffic, tending independent of the guestion
of rates charged to the maximum dividend.

P. Modern practice proceeds to throw all our. eapxtal into heavy
rails, heavy engines, and light wagons carrying heavy Inads at the ex-
pense of durability, while the gange has remained the same; it scems to
be forgotten that the road, embankments, cuttings and bridges, are the
most durable components of the whole machinery, affording by far the
cheapest portion of the whole power of the railway, on that account.

It is impossible, within the limits of - short paper, to illustrate dif-
fasely, bat the truth will be self-evident in the case of a reduction of a
gradient from 1 in 150 to 1 in 300 by which the useful effect of the en-
gines is at once doubled, and a great saving effected in the working of a
steep gradient. Here, without any incresse in the engine stock, additional
power is gained, with no more expense for engines or repairs for them,
while the repairs of cngines per unit of paying work must be reduced.
1t is merely a question of the amount of useful work to be done, to de-
termine the amount of capital it would pay to expend in flattening gradi-
ents, showing that both gradients and engine power should bear a pro-
portion to the whole work to be done by the railway.

In fact it is only by a careful proportioning of all the parts to the whole
work, and one another, that a railway can work best und cheapest;
first, by ensuring safety and regularity, through a sufficiency of the me-~
chanical contrivances, and secondly, by transferring the greatest amount
of the power to be gained through those centrivances as a whole, from
the most perishable to the least perishable materials composing the whole,
or from the permanent way and rolling stock to the earthworks snd road-
way. Henco every gauge should have its respective gradients, curves,
d&e., in due proportion, and the cost of every component of a railway will
bear a constant relation to the whole cost in all similar constructions to
produce the best effect.

The determination of these propomona cannot be entered into here,
the author has touched on the subject in his Notes on Railways, and
thinks there are good grounds for adopting one-tenth the whele cost for
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stations, rolling stock, rails, and sleepers and fastenmgs in each case,
making 40 per cemt, of the whole cost over ordinary undulating country
such as would represent the average of the raﬂways of most countme,
but the question requires a separate notice. - '

(). ' This paper cannot be concluded without a further reference to the
cost of carrying the units of traffic. It is well known that hardly asingle
company knows what it really costs to carry a unit of traffic. The ma-
nagement of the line is in the hands of deparbments, without a “ head
eentre” of all continnally testing the efficiency of every link in the chain.

The traffic department arranges cunningly-designed tables at high fares,
with occasional cheap excursions at times when one would think that
the increased numbers in pursuit of pleasure would be more profitable to
the railway at the ordinary fares, It need have but a passing regard
for the cost of traius and possible smashes. The locomotive and earriage
department is concerned in maintaining the capital stock without dictating
to the management the number or size of the trains which should be run
to keep down the repairs and renewals. The engineers have to keep the
permanent way in order for an ever-increasing number of trains with which
the capital appliances are perhaps not allowed to keep pace. In the face
of the pressure for high dividends, foundod on a misconception of the
mode in which they ean be best obtained, the representations of the engi-
neers are often disregarded.

The directors, it isneedless to add, are composed generally of persons more
skilled in the combinations which go to make up the financial and commer-
cial operations of companies than those relating to the mechanical working,

But there is a department which, hitherto having been kept exceedingly
in the back ground, has nevertheless within itself the only keys to the
mystery of economical working as a whole, and which in supplying an
exact measure of the force expended, whatever its nature, reduced to a-
uniform standard, that of money, is without e¢qual, as a guide to practice.

Much as may be said of experience in construction, it, after all, is only
an element, the value of which can be weighed in each case by the result
of the working, and withont an accurate system of record of expenditure
little or nothing can be known as regards economy in this respect. -

* The long neglected department of accounts and statistics has, in India,
been put on an advanced footing which has already led to improved results.
Not only should the accounts, however, be the mediam of leading to the
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declaration of a dividend, but they should also contain euch a record of
expenses and work done, that sil the intermediste steps by which the
dividend is arrived st may be recognisable and messnnbla by the mecha-
nical work done.

. Just in the same way as the parts of a machine are porportmned to
.one another and the whole work for the best effect, so will the expenses
.of working and maintaining them be in proportion to the cost, if proper
durability hag been ensured. It ought to be in the power of the heads of
departments to weigh the work they perform againet the expense they
incur, and a correet record of the work done being & sine qud won for all
purposes, steps should be taken to ensure its registration.

Hardly a single English railway can point out the expenses of working
in detail or in the gross of a ton over one mile. They are absolutely in
the dark as to the expenses they are incurring, Notwithstanding, how-
ever, the general absence of effort to obtain a correct register of the ton
mileage, some managers having a lurking satisfaction in attaining, as
near as possible, to some true standard, adopt various methods of approxi-
mating to one, sometimes by the train mile, and sometimes by the ton
mile. They take the whole number of train or ton miles performed, and
divide the whole expense of working thereby, thus getting out a train or
ton mile rate,

BSince it has been shown that the cost of carrying units of traffic dapends
largely on the number offering and the appliances available, it is elear
that such a deduced rate must be exceedingly fallacious as a guide to the
best paying rates.

Buppose a newly started omnibus to have only one passenger in it the
first day, the proprietor might just as reasonably proceed to fix a rate for
the next day for a single passenger which would pay the whole expenses
of the omnibus.

No more can be charged to individuals, with prospect of snceess to the
enterprise, than the proportion of the whole accommodation each individnal
aveile himself of, and it is the business of the capitalist to provide no
more total machinery than will suffice for the demand of the zotal number
of individoals expected to use it.

R. It is evident, therefore, that the cost of carriage can be predicted
gorrectly only with reference to a fixed quantity of traffic for avery line
sud only in one way. But with accurate registers of the work done over
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similar sections of lines in ton mileage, a test would'be kept up of the
efficiency and suficiency of the machinery, as well as the economy of depart-
ments, which would lead to the detection of causes operating to incresse the
working expenses per unit, either through fluctuation of treffic, or wages,
or anything else to the detriment of the dividends, and would somstimes
lead to suggestions which would, perhaps, tend to increase them.

B, As regards the proportion the whole rate should bear to the
working cost per unit, we have seen that the cost per unit, including
workjng expense and interest on cost of construction, will be least when
the one equals the other, and consequently, if only the ordinary interest of
money is sought in the way of dividend, as must be best for the public
under a system of State railways, we have only to double the working
expense per unil when the line is in proper full work, for the rate to be
charged the pablic.

We can see, further, that to charge less than this per unit, on the one
hand, will prevent the full interest on the capital being earned without
sn undue stress on the line to make up by numbers for too small a rate
which stress, in itself, will be a cause of extra working expense per unit,
while, if we make it more than this, on the other hand, we shall not ex~
tend our inducements in the way of low fares to as large a body of the
population with small incomes as we otherwise should; and as the number
of persons with small incomes increases in an exceedingly large ratio from
the richest as we go down to the poorest, there is every reason to diminish
the fares as long as the number of persons using the line is increased in a
higher ratio, till we get full work for our railway; we have more chance
of doing this effectnally the lower we go. The limit, however, is evident-
ly when the interest is just being earned on every unit carried at least,
expense, and this seems to mean when interest and working expenses are
equal per unit.

T. Referring now to paragraph G, in which the question of rates was
eliminated from the definition of the economical capability of the works, it
will be noticed that we have arrived at the conclusion that the least cost
is being incurred when working expense equals the interest of money.

Now, if we re-introduce the element of the rates, when these are subject
1o complete and unrestricted competition, there is no doubt but that the net
earnings will prove, under circumstances most favorable to economical
working, to be no more than will represent the interest of money at the
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market rate for good secarity, and the rates will be at a minimum but if
monopolies enable higher rates to be sustained, the question of increased
working cost will be held subordinate to the question of angmented re-
ceipts from increased guantities at high rates, and larger dividends may
perkaps be derived from an overtaxed line, with a high working cost per
unit, Tesulting from the employment of too swall a scale of mechanical
appliances, and it will depend on the relative increment of receipts and ex-
pem;as per unit, how much the working expenses may exceed the market
rate of interest with best effect. .

But though s large demand on a line holding a practical monopoly may
enable large gross receipts to be earned, with a comparatively small capi-
tal outlay, yet if that capital is ot sufficient to provide proper fucilities
for doing the work, the result will be almost sure to be accident, delay, loss
of time, and increased expense per unit of work done, which cannot be got
over anyhow. But, admitting the legitimacy of these in any case, there
will be tho least capital employed with fewest accidents, largest traffic and
gross receipts with smallest working expenses per unit, and consequently
the largest dividends, when the traffic is limited to such a quantity that
the expenses are equal, not to the current rate of interest, but to the net
earning of the railway, or when the net earnings are 50 per cent. of the
receipts.

U. It will, however, be very evident that the idea of increasing the
dividends at the risk of life and limb, is no more justifiable in the case of
railways than it is in the case of ships. The maximum of safety can
only be attained by limiting the traffic to the proper capacity of the line,
a state of things carrying with it also, as has been shown, the advantages
of the least cost in working. ‘

Railway travelling need apparently be attended with little more risk
than any other mode of locomotion with proper appliances, and it seems
very clear, that with fair treatment, railways, which must from the very
arteries and veins of the country itself, must always be the most enduring
investments procurable, leading to the fullest rate of interest obtainable
anywhere on good secarity.

V. It will have been observed that the actual quantity of traffic most
suitable to any given railway has not been stated, but if what has been
written above is correct, it cannot be difficult to assign posntxve valzm for
proportionsl ones. . : \
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Assuming the proportions of expenses under paragraph H (¢, d,) to be
the best, and that working expenses should not be more than the interest
on the capital cost, we get at once one-fifth of that expense for fuel, by
which the gross work to be done can be accurately ganged. The quantity
required for hauling a ton over one mile can be essily ascertsined from
the section, and, with coal at a given price, the total quantity which ghould
be consued is known. Dividing the total consumption by the quantity
required for a ton over one mile, will give the total number of tons to be
hauled over one mile within the year with best effect.

Whother this amount of work would prove the least expensive per
unit or not, owing to the abnormal state of prices (which, however, all more
or less remain somewhat constant in proportion and fluctnate in actual
value, with the rise and fall of wages and the interest of money) can only
be tested by accurate registers being kept of the number of mechanical units
of work done. The most accurate unit of measure is undoubtedly the ton
over one mile, the whole force required for performing which will be made
up of all the items of expense appearing in the working revenue account,
the details of which will all bear a more constant proportion to the whole
expense and to one another, reckoned on the ton mile, than by any other
standard,

T.F.D.
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IRON BRIDGES FOR DEEP RIVERS IN ALLUVIAL
FORMATIONS. .
[ Vide Plates V., VL and VIL],

By Masor T. F. Dowpex, R.E., Assoc. Inst. C.E.

Oxn tHE Seaxs or Bripges.

GexeraLLy the cheapest efficient bridge will be the one having at every
point the longest efficient span which can be made for & sum equal to the
cost of the pier on which it rests,

Tt is not always possible to choose the span for a bridge. Ciroum-
stances may determine the span which alone is practicable, as when found-
ations can only be met with at particular spots, where certain breadths
of gpan are required for navigation or other purposes, &c.

‘Where a choice of span can be made, it is evident that the cheapest
efficient one is the most desirable, and that it cannot be attained without
attention to the condition laid down above, to start with, 1t embraces a
consideration of the whole of the circumstances which affect the cost of
construction of any part of the bridge.

The cost per foot of waterway of the bridge for the pier, is a8 the
length of the span inveMiely and the mass of the pier directly. The
mass of the pier must, however, be increased somewhat for a larger
spau, to sustain the weight of the span and the load on it, so that the
span csnnot be increased indefinitely to reduce the cost of the pler per
foot of waterway.

“Also the cost per foot of waterway for the span alone in iron bridges

increases in a tatio in excess of the span, rather owing to the material

. of which the bridge itself is made, than the usefal load it is to acoom-
modate : a remark that applies with greater force to the larger spana, ‘
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Hence there is no advantage in increasing the size of the span be-
yond what is required to reduce the cost per foot of waterway for an
efficient pier to & minimum, so that the cost of both pier and span per
foot of waterway may unitedly also be a minimum, The framing of a
design in which the balance of efficiency shall be kept between the pier
and the span must, therefore, be tentative in the first instance, for it is
necessary to assume some breadth for the pier which it is sapposed may
be efficient for a given set of cirecumstances, as regards the force of the
floods, nature of the foundation, &c., and from such a pier to deduce the
longest efficient span which can be made at a like cost. It is not impro-
bable that the breadth of pier assumed may require modification when
this is done, It may be considered too large for the deduced span, in
which case & reduction can be made, and from the reduced pier a new
span may be deduced, and the process repeated till we have attained a
design which is fully efficient, and which will at the same time afford
the smallest span, and, consequently, cheapest bridge.

It may perhaps be simplest to take an example to show that the
cheapest bridge will be, when the cost per foot of waterway as so adjusted
for the pier, equals the cost per foot for the span.

Suppose 8 pier designed to suit a single line of railway over a given
river, and fully efficient to withstand the forces in the river, &e., to cost
£2,000, and the largest efficient span which can be made for a similar
sum to be 120 feet. The cost per foot of waterway of pier and span will
be ?1(;%0 == £16'66 for each, or £33:32 per foot for both.

If a less span is used, say 60 feet, no saving can be effected in the pier,
which is already supposed to be at a minimum to withstand the forces
in the river. The cost per foot of waterway Jfor the pier will be in-
creased to £33:32 a foot. The cost per foot of span, if taken to vary as
the span, which is true approximstely up to 200 feet, will for 60 feet be
£8:38 per foot. The total cost per foot of waterway of the whole bridge
will then be—

Pier, ... e £33:32
Bpan, ... e 833

‘ ~ £41-65 for a bridge of 60 feet span.
Against, ... £35-32 5 120 feet
VOL, V1.~—SECOND SERIKS. E



44  1ROX BRIDOES FOR DEEP RIVERS IN ALLUVIAL FORMATIONS.

Similarly it may be shown. that a bridge of more than 120 feet span
will cost more per foot of waterway.
Soppose we assume 200 feet for the span,
" Then the pier will cost %‘0%0— = £10 per foot of waterway at least,
*
assuming that no increass to its mass is required for the inoreased span,

which is somewhat improbable.

Also the cost of the span will be as the span per foot, or -?%g- foet =

1-666 times as great.

The cost of the span will then be £16:66 X 1:666 = £27'75
Add cost of pier, ... e 10:00

r————

Cost per foot of bridge, total, w.  £37°75 for 200 ft.
Against e £38:32 for 120 ft.

However the figures may be experimented upon, it will be seen that
no other span than 120 feet, which, under the circumstances, can be
made for a cost equal to the cost of the pier, will give ag cheap a bridge.

From tho proposition with which we started, it is now easy to see how
it is impossible to avail ourselves to the full extent of any of the circum-
stances which tend to cheapen the construction of bridges, without allow-
ing them to exercise their influence through the adjustment of the span.

Summing up a few of the leading points for the sake of brevity, it is
evident from that proposition, that the following tend to economy in the
bridge by shortening the span :—

(1). Good foundations, necessitating less expense for efficient piers,
(2). Small height of the piers reducing the quantity of masonry
or material in the piers,
(8). Cheapness of the material of which the piers are composed.
(4). Greater strength of the material in the piers, reducing the
quantity required.
(5). Cheapness of labour in constructing the pier.
(6). Any modification of design which gives the same efficiency
with 2 less quantity of material in the piers.
Bacause any of these reduce the sum for which an efficient pier can be
made.
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The following tend to economy in the bridge by lengthening the
span :— o

(1). Exoellence and strength of material in the span, rendering the
unit strains per square inch higher, and spreading & given
amount of material over a wider span,

(2). Cheapness of the material in the span, enabling a larger quan-
tity to be used for a given expenditure in providing a larger
8pan.

(8). Cheapness of erection or labour in elevating the span.

(4). Any modification of the design of the span by which an in-
creased efficient span can be got out of a given quantity of
material,

Because any of them tend to an efficient span of greater length for & given
sum of money.

The work which a bridge has to do is referable primarily to the useful
loads it has to carry, and the inertia it has to oppose to the stream it is
constructed to cross. The cost of a bridge per unit of useful load in-
creases as the span. It does not, however, necessarily increase in cost
per unit of discharge in different rivers. Larger spans are not only more
snited to larger rivers generally, as regards efficiency, but they are also
necessitated on the score of economy, through the influence exercised,
either by the height or depth of the foundations, on the cost of the piers.

As regards the efficiency of a design, it appears, that for deep rivers the
piers should consist of a single member, and not of an assemblage of
parts. The vibration which takes place even in piers consisting only of
two large and lofty cylindrical members, renders the reduction of the speed
of trains a serious element in the calculation of the relative efficiency of
various forms of piers.

If double line bridges are to be resorted to only when the limits of
single line bridges are reached;-it is evident that the limit will be much
sooner reached with a slow, than with a quick speed of trains, for no two
trains can occupy the line clear lengths at the same time, and the reduc-
tion of speed over bridges is so much reduction of power of the single
line,

The usual form given to masonry piers has undoubtedly a superior
strength over all others, combining greatest solidity with greatest rigidity
and stability to resist the action of the forces in the river, and the vibra-
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tion cansed by heavy rolling loads on the bridge. Beeides this, the
form admits of the greatest area of base for greatest resistance to the
flood. It does away with the necessity for external connoctions in iron
structores, which are a source of weakness and expense in maintenance.
Obstacles such as trees are not liable to be arrested by cross currents
end eddies between the members, as in the case of detached piles.

In the matter of the superstructure, it is evident that the character of
the design must depend on the span to be used.

‘Where the rivers are large and the traffic is small, the total work in
building the bridge will be more due to the size of the river than the
quantity of traffic. The cost of efficient piers to suit both, as it has
been shown, will indicate the span to be used.

In similar piers for similar circnmstances, the cost would vary as the
cube of similar dimensions, and the cost of spans np to 200 feet is as the
square of the span. The cost of piers would therefore be as the cube of
their height, and as the cost of the efficient span to suit, should be the same
88 that of the pier on which it rests, the cost of the span should be as the
cobe root of the height, Then since the spans are as the square roots of
the cost, the spans should be as the square root of the cube of the
heights of the piers from foundation to girder bed. This will give an
approximate span for any river.

Thus if a 200 feet span costs £10,000, with pier complete, for a
height of 85 feet from foundation to girder bed, & height of 60 fect
would give—

200 x /5-5, =200 /5 =

200 A/°858 = 200 x *595 = 119-0 feet for the span.

The cost would also be as A2, or £10,000 X ‘853 = £3,530, and the
cost per foot of waterway, ffgaf% = £29-7 a foot, which is as 'T’ or
N

The piers would not perhaps be quite aimilar for & constant breadth of
roadway over the bridge; but it is evident that the circumstances neges-
sitating a certain length of pier to resist the floods and area of base to
support the weighta, will often afford space for a double line at no increase
of cost in large rivers, and to that extent there is economy in double over
single lines in bridges over large rivers.
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If the fall be assumed as constant, the velocity of the current varies
a8 the square root of the hydraulic mean depth.

The discharge at eny point of a river is as the depth multiplied by the
volocity, For any given point the depth is the same as the hydrsulic
mesan depth, If & represent this depth, the discharge at any point is
therefore as & a/k.

This saine expression, however, represents the cost per foot of bridges
for given total heights .; for A/l = k a/h. In similar circumstances,
therefore, where tho water level is at & given proportionate part of the
pier in height, the ratio of the cost of various spane (up to 20 feet) is
as the discharge of the river per foot of waterway.

The waterway is obstructed by piers in proportion to their breadth &
(which dimension, however, varies only as the cube root of the masses in
gimilar constructions), while the span should vary, as has been shown, as
the square root of the cube of any similar dimension, and consequently as
o/%. The obstruction from piers per foot of waterway will then be as
.,/bb' oras whmh is inversely as the square root of the breadth, and
consequently t.he fotal obstruction is less in larger bridges from the piers,
although the piers are individually larger. If the piers in two dﬂferant
spans were as 4 to 9 in breadth, the obstruction would be a8 —— J b 1
orastod

From this it seems that the larger spans used for larger rivers are more
suitable and efficient, for while they can certainly, up to 200 feet be made
at & cost proportionate to the discharge of the river, the area of discharge
is less contracted the larger the span is made.

Tae Bomsay, Baropa, axp Cexrear INpia Raiwway DBeipess.

If all that has been written above is correct, the fallacy of attempting
to apply the same span to rivers of different sizes will have been appa-
rent. It is believed that the<primary object aimed at in providing a
uniform description of material for the bridges on the Botmbay, Baroda,
and Oentral India Railway, was to prevent the confusion which might
bave arisen in sonding out and erecting the ironwork. The advantage
of this was undoubted in the direction of simplifying the stores operations,
but unfortunately the primary importance of the suitability to the pur-
-poses for which the material was to be used in all cases was not to be
-digposed of in such a general way.



38 IRON BRIDGES ¥OB DEEP RIVERS IN ALLUVIAL FORMATIONS,

The formstion of the ground over which most of the Bombay, Baroda,
and Central India Railway is constructed, is that which results from the
decomposition of the material of which the western ranges of mountains
of the Indian Peninsula are composed, and of the delia formation which
has been deposited in its place by the action of the numerous rivers and
streamlets coming from the interior. It is hardly possible to point
to any spot, except where the original formation of trap is met with
in & few places, which is not still liable to flood from the hills. It is true
these floods ocour only once in many years in some localities, yet when
the nature of the formation is considered, it is impossible to concede that
the action which produced it has ceased in any part permanently; for it
is only a matter of time for the accumulation of goil to assume such pro-
portions in any district at the present time liable to flood, for the waters
to be in consequence diverted into others at a lower level,

This cireumstance leaves it difficult to decide the probable highest
flood line, but it is very certain that it may often be assumed at consid-
erably above any indication of defined banks. Former generations have
doubtless placed their towns on the spots, least liable to inundation, yet
we now often hear of these towns being almost washed away. Ahmedabad
and Surat, the two largest towns on the line of railway, have been
inundated more than once in the writer's memory. If the height of the
floods is difficult to determine, how much more must be the nature of the
soil for foundations. Countless ages have elapsed while the formation,
a8 described has been going on. Doubtless, it may be predicted with
some certainty, that coarser material will be met with nearer the moun-
tains and the deeper we excavate in any locality.

This is borne out by practice, but any endeavour to reach the original
formation is in most cases useless. Sometimes conglomerate may be met
with of extremely recent character, and of no great thickness ; but it has
often served, like detached beds of clay, no other purpose but to impede the
operation of screwing down the piles for the piers, without being sub-
stantial or extensive enough to form a safe foundation. But if the natare
of the geological formation, which leads us to expect to meet with little
solidity at a practicable depth, leads to doubts and uncertainties on the
one hand, it also leads us to assume this amount of certainty on the other,
viz., that the action of all the river beds, taken together, must be one .
cansing them generally to silt up rather than to scour, and if we can
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atiain a depth of fonndation which is likely to be safe from any local
changes and make proper provision for the highest possible floods, we
may expect permanency, for many scores of years, in the structores to be
erected on it. :

The foundations of the pile bridges on the Bombay, Baroda, and

Central India Railway are mostly in the river silt. The piers are screwed
down to a depth deemed sufficient according to the degree of power
required in screwing, and the general appearance of the section of the
river, It is evident that the only hold the piles* have, is by friction
againgt the surrounding soil, and a certain direct bearing on the screw to
sustain the weigh of the bridge, or the loads on it; and to prevent being
pulled out, there is the screw acting like a mooring.
- Now Figs. A, B, Plate V., give a general idea of the design which,
for a 60 feet span, would perhaps be found best to suit a flood of 85 feet
in depth, and making the cost of the superstructure equal to the cost of the
spans.

Bupposing this the case, compare it with Figs. C, D, where the height
of depth of the river is 86 feet or more.

In the latter figures we have, perhaps, all that is required in the mat-
ter of supporting the rolling load, but the load on the foundations of an
immense height of pier rendbrs it necessary to provide increased thickness
and weight in all the material, which could not be reguired if bridges
only of the size shown in Figs. A and B were to be built. Besides
that, there is a pressure of flowing water against the piers, Fig. B,
which at the same velocity would be as 86 to 85, while the leverage against
the surface of the river bed would be also in the same proportion, making
the effort of the piers to overturn as the square of those numbers, 7. e., a8 74
to 18. 1If the braces acted so as to make the two piles like a single
girder, since the breadth is the same in both cases, the leverage would be
a8 above 74 t0 18. The bracihg, however, does not act so as to consoli-
date the two piles into one rigid member, but affords a peculiar facility
to brushwood to collect in it. The piles, without a rigid connection,
vibrate in proportion to their length very considerably, and in the absence
of mutunal support, depend wholly for maintaining their position on the
tenacity of the bolts or other appliances for connecting the joints of the
piers, The vibration is counteracted to some extent by the weights of

® 2 feet 6 inches axternal diameter,



. *
40 1RON BBIDGES FOR DREP RIVERS IN ALLUVIAL FORMATIONS.

the girders and superstracture where they rest on the pﬂea direct, but it
is. imposaible in & pier composed of a great number of membera to prevent
vibration of the parts inter se. This vibration is communicated to the
soil of the foundations. It is in extent evidently as the square of the
height of the pier or the lood. We all know how we should proceed to
pull a stake out of the ground. We should wriggle it about and enlarge
" the size of the bole most st the surface of the ground, diminishing towards
the lowest end of the stick till we could lift it ont perhaps with the little
finger. Wo know, too, that we should have much less difficulty the
lIonger the length of the stake out of ground and the less the length in
the ground. The vibration has a similar effect; it loosens the soil and
the rushing water carries it away perhaps. Anyhow, it seems that for
the piers to have equal stiffness in the soil, they should be sunk to & depth
corresponding with the height above ground, and to exercise & proportion- g
ato resistance to the effort of the river should have a diameter in propor- Q
tion, But as the size of the cylinders in this uniform material is all I
the same, this could not be done, and the case has been met by putting &
in more piles and connecting them as rigidly as possible with the '“2
others. It was found that in comparatively small bridges this extra 3
pier was required ; but it was accompanied with the obvious disadvantage
of increased total vibration. To remedy tMis, various systems of txea Y
were applied to steady the extra member in the pier, but withoat success, m
and it was then thonght desirable to erect the additional girders, though <
the traffic required only one roadway, to give steadiness to the additional r
pile (Fig. E). The elemoent of steadiness gained from the spans had then :
been doubled over that in Fig. B, while the element of unsteadiness and
vibration from the piers had been ouly increased 50 per cent. Some
improvement, therefore, was gained on the whole, at a sacrifice of ma-
terial not required for traffic purposes. But even then it was foand that
in high bridges the strength was not sufficient, and, mistaking the piers
for single rigid bodies instead of an assemblago of vibrating parts, attempta
were made to strut the piers as in Fig. F. It was then found that these
piles added very largely to the vibration ; they could also not so essily be
screwed down, and if not put as deep as the main piles, they introdnced
elements of risk from washing out.
The Iast improvement was to erect the fourth and fifth piles mtwauy
(Fig. H), thus still forther"largely increasing the ares of the pier and

AHA
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braces exposed to the accumnlation of brushwood and the force of the
water, and also increasing the total vibration. Finally, two cross-girders,
a b, were introduced under the 60 feet spans, which being rigidly attached
to the piers have had some effect in counteracting some of the vibration.*

These ‘cross-girders have also been used with a view of guarding
against seftlement in any of the piers where the foundations are not
considered vory good. These cases are most frequent in the Netbudda,
Bessein, and Viturnee river bridges. It will be found, it is believed, on
reference to the construction diagrams of those bridges, that the depth
of the piers in the ground is not in all cases proportioned to the height
of themy above ground. They have not, therefore, the same degree of
stability to resist overturning. But it will be noticed that since the
appliances for connecting the joints of the piers are limited to a waiform
system, there is danger of failare at the joints just above ground with too
great a height of pier, irrespective of the question of leverage in the soil.
Thig failure has occurred more than once, The danger to these bridges,
with & side set of the current, is very great; it is not decreased by the
vast area of piles and bracing, or by the fact that the light girders of the
superstructure are, as usual, merely laid on, without being rigidly fixed
to the piers, to allow for expansion and contraction. The failures which
have occurred to the large bridges on the Bombay, Baroda, and Central
India Railway, have very greatly increased the working expenses, and
there is no knowing where this state of things is to stop. In addition to
this it iy necessary to maintain these structures. The chief part of the
exponse of maintenance consists in employing divers coustantly to inspect
and renew the bolts, bracings, and fastonings below water.

Owing to some galvanic or chemical action which takes place between
the cast-iron of the piles and the wrouglt-iron of the bolts, nats, and the
braces, these connections do not ordinarily last longer than about three
years. They dissolve away, lamindte, and change their nature, lose their
high specific gravity, and become more like plumbago than anything else.
The expense of maintenance, therefore, has increased in exact proportion
to the amount of pile work.

It is not known what the average height of the piers in thelargest

* The author, sotho }enrs ago, pussed over the Nerbudda Bridge on fuot a few honrs before several

eprns were worbed away. The vibratiou then going on was sufficient te induce & considerable
acceleration of pate in all present. *

VOL, V1.~~SRCOND SERIES. r
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rivers, including the foundstions, is, but it is probably not less than shown
in Fig. H. In 1871 the cost of the whole of the bridges had been about
» million sterling, while the whole constraction capital of the line was then
only about six millions for about 810 miles. Since then, large additions
have been made to the bridges, and some reconstructions have been carried
out. The Nerbudda bridge dlone is some 3,600 feet long, and it is pro-
bable that the long bridges, if all put together, would reach over three miles.

It may be as well now to give a comparative estimate of, say, the exist-
ing and a proposed bridge for the Nerbudda River.

Nerbudda Bridge.

List of the piers of the Nerbudda bridge, taken from page 258, Vol.

27, of the Proceedings of Institute of Civil Engineers.

No. of piles above the screw piece which appears as if in a clay stratum.
No. of No.of No.of No.of No. of No. of

Pier. Piles. Pior,  Piles, Pier, Piles.
South end 1 5 = 27 7 53 8
2 5 |% 28 7 54 8
3 s|E | 2 7 55 8
4 5| & 80 7 56 8
5 b} 31 7 57 8
6 5 |% a2 73 58 8
7 b} 3 38 7 59 8
8 BhbE 84 7 60 8
9 B2 35 71 61 8
10 54| 5 86 73 62 7%
11 6|8 87 7 63 73
12 6 | & 28 7 64 7%
13 6} 2 39 7 65 7
14 6412 40 73 66 6
15 6i)& 41 8 67 5%
16 7 42 8 68 B}
17 7% 43 8 69 1)
18 7%} 44 8 70 5
19 7} 45 8} 7 5
20 73 46 83 79 5
21 7% 47 83 73 5
22 7% 48 9 74 5 ’
28 7% 49 9 75 8 Broach end
24 73 50 9% (North).
2% 7 51 8
2 u"z of mﬁ: 8 N ‘
No. of 0. o No. of No, of
Plers, Piles. of Plios Plers, Pl ot B
1 -8 8 4 73 LT
5 B 25 18 8 104
1 54 53 2 83 164
1 5| 52 1 8} 8§
1 B 8 2 83 17}
1 6 2 9 18
9 7 63 1 93 9%
1 74 73 —_ —
15 7% me 60 Total 488
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Average =% ® 8 o 7'3 pxles = 65 7 feet = hmght of p:ers above the
serew pisce.

ProBABLE 008T oF THR NERBUDDA BrIpem, 60 FRET sPAN.

Warren girders, wronght-iron, at 184 tone per span, ... .. 387 tons.
Cross givdars, say, 10 tons per gpan,  w.o  wi w0 e 2 ,,

Ada transverse stiffening girders, 88y, «n  aes e e ‘6. »
Total, ... 63 ,,
5 Rows of piles— -
50 feet above ground, 1% inch thick.
80 feet below,

80 feet, including screw.
Total weight—
B X 26'66 yards % 106 square inches X 1 m

534 Ths, s 627 tons,
Add ribs, bosses, joint flanges, &e., §, ... s e 1284,
7504
], Bracings, & piles in height—
Horizontal, 10 X 14 feet = 140 feet.
Slant, 10 X 16 feet = 160
800 X 20 Ibs, — 2:68%tons
4  spaces = wee e 10772 toms.

Bolts and notg—
Pile 8 joints X 5 piles X 12 bolts = 480, at 2} Ts., oo 1,200 s,

Brace bolts—
Horizontal, 20 X & % 100, at 3 Iha,, ... ws 800 Ibs.
Slant, 20 X 5 % 100,at 3 ,, ... e 800

Middleof do. 20 X 5 X 25,862 , «. . B0,
1,850 ,, =825 tons.

Summary.
: £
63 tous girders, at £24,... .. ... e w1512
75 , cast-iron piles, at £12 (including dnvmg), e eee 900
1072 ,, wrought bracing, at £14, e e e e 150
825 ,, bolts, &c,, at £28, see e L ees s ees 23
1,600 cubic feet concrete, at £1 per hundred, .ove  we e | 16
‘ . Total, ... 2,608
Contingencies, gy, 2o oev  we  en 260
'60)2,866

Cost per foot, ... 4777
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ProposEp NEW DESIGN.
Estimate of the cost of & Pier,
(Ses Plate v1)
Excavation in mud and water—

For foundations by sinking of the caissons.
' No. Length Bdth, Diem. Total onb, ft.

Clrarts, e o o 1 s 19 8 17,100
Nt et

D parts, —2«-?-"- 80 8,605

26,005

Ironwork, cast—
No. Weight. Total,

Foundation COUYSE, e wwe et T 1 95 950
Courses 18, 19, 20, e ser  sen s 3 1779 5837
Course 17, o -, . o w 1 1729 17:29
Courses 11—16, e . oee . 6 1472 88:32

1
8
1

Course 10, e ses wes e e 1435 1485
Courses 2~9, e em ver  wes e 1101 9528
Course 1, er e e e 950 950
U

Total, 287:61

e eme v Roathawe R 3Tl e e 5762

Grand Total,.. 345-18 tons.

Iron bolts und nute—
Bolta 20 ":2"36 e o Yar "5 Vi
. 0 see ( L 8.
Vortical, {I}\;ufs,'hexagon, X3 € 110, 1%
. e a1 ¢ 118 9
Horisontal, { Nuts hossgon, 42X 36 6 7 110 1,663

5,180 1os, = 281 tons,

Bar iron ties—

Above ground.
No. Length. Dism, Bg ft.
Courses 11, 12, 13, 6x8 17 1" 3806
Course 10, . 7x1 16 1" 96
Courses 1=—9, . 6%9 15 v 810
! 1,212
Add for contingencics, 1 121

ams—

Total, 1,383 at 2:62 e, = 1:56 ton.
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Fiilling in the pier with concrete—
Seme a8 excavation in soil and water, .. 25,605 cubic fect.
Brick masonry above ground—

No. Length. Breadth., Height. Cubjo £t.
jrso 11, 12,13, Middle, .. 1 30 17 12 6,120

Q) Ends, .. 2 226 12 2,712
2
» 10, o Middle, .. 1 20 18 4 1,920
s
Q Ends, .. 2 201 4 804
5 ‘
w 2109, .. Middle, ., 1 30 15 32 14,400
S st
Q) Ends, .. 2 1767 82 5,074
2
» ], .o Middle, .. 1 80 15 4 1,800
. M
! «.  Conical Ends, 1 1767 3 234
33,644
Deduct wells, 7 feet diam., .. 3 3848 52 6,002

Total cubic fect, . 27,642

ibstract of cost—

Excavation and sinking of piers in mud

and water, . . oo 25,603 c. ft., at £1 per 100 ¢, ft., 256
Cast-iron work (including erection), 345 tons, at £10-23 per ton, .. 4,140
Iron bolts and nuts, .. oo 231 tons, at £28 per ton, - 65
Bar jron, .. 156 tons, at £14 per {on, 22
Filling concrete, coment, or hydraslic

lime mortar, .. .. o 250605 c ft. at £1 per 100 ¢, ft,, 256
Brickwork in hydraulic lime mortar, 27,642 c. ft., at £26 ,, 5 .. 650

4,829
Contingencies, 5 per cent., . U1
Cost of pier. Grand Total, oo 5,070

In designing the pier for the bridge with an expensive material like
iron for a casing, we require greatest solidity with least perimeter.

The solidity and area of foundation of the pier will be increased in a
larger proportion than the increase in length of the perimeter as long as
the breadth does not exceed what will give an equal length for the circular
ends a8 for the sides of the piers. The actual longth of the pier at top
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is determined by the breadth of the roadway, and is 8o adjusted that the
main girders may rest centrally on the two halves of the piers, This
places the load of the spans centrally on the area by which they are snp-
ported, and practically resnlts in the average length of the piers being
about double the breadth of roadway. This form of pier is stronger than
would result from the employment of two detached cylinders of an average
diameter of 17 feet and 1§ inch thickness, which would absorb about
806 tons of cast-iron. For deep rivers, where the floods have great force,
the superiority of this stronger form is well worth 89 tons of additionsl
cast-iron. By combining the length, breadth, and perimeter in the above
way, With two offsets for plinth and foundation, the result is a superficial
area of foundation of 853 square feet.
The weight on it is—

Piers—TIron, . 34887 tonu. ,
Concrete, . s 1,393:00 ,, 25,605 cub. ft., at 120 s, per ft.
Brickwork, 1,23400 ,, 27,642 , 100

Total Pier, 2,975'87

Ae—————

Spans—Iron, . 211
Rolling load, .. 228
Permanent way, &c., 83

—

Total spa, .. 522

o—

Total piers and span, 849787 tons.

Pressure per square foot of foundation about 405 tons,

The pressure usually allowed, is understood to be from 4 to 8 tons, and
the surface friction from 300 ibs. to § ton. The latter would amount to a
congiderable relief of the pressure on the bottom ares. Some idea of it
may be formed by estimating the weight of the foundation below the river
bed, in comparison with the weight of an equal bulk of the material of
which the river bed is composed. It is not improbable that the difference
would at least take off 1,048 tons from the downward pressure, allowing
the specific gravity of the pier and river bed to be as 8 to 2. This,on a
vertical surface of 8,495 square feet, would give *286 tons per square foot,
and take off 1'23 tons per square foot from the bottom pressure.
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The caissons to be sunk in the usual manner by dredging out the
silt from the interior. Should unforseen difficulties arise in the progress
of ’ﬂ_lie operation, recourse to be had to working in a plenum.

The piers to be built up to the level of the ground or high-water mark,
socording es the bed ia dry or wet.

The spans then to be built in their places in the former case, and on
pontoons in the latter, and floated into position.

The span to be lifted from the piers themselves as the construction of
the piers proceeds, by hydraunlic rams or screw jacks, till the full height
is reached.

Spans.
To determine the span from the pier we have—

The cost of wrought-iron in girders, &e., at £18 0 0 a ton.
Freight to Fndia, . . W 2 00
Carriage and erection, . . 400 ,

D

Total, £24 0 0

The cost of the pier is to be £5,070, and this divided by £24 will
give 211 tons of iron for the weight of the superstructure supporting the
roadway,

This brings us now to the important question, to find the longest
efficient span that can be erected for this weight of iron.

The subject of iron girders for bridges has been very carefully treated
by Mr. Bindon B. Stoney, in a book of 614 pages in length, which,
will well repay a careful perusal.* It is clear that when so much has to
be said to convey & notivn of the theoretical and practical details of iron
girders, it would be out of place here to do more than touch on a few of
the points which appear most to bear on the particular case in band.

First then as regards the greatest broadth of the roadway, for a given
quantity of iron it is evident that this will occur in a bridge with a
single pair of main girders when the transverse girdors collectively weigh
no more or less than one of the main girders.

Next the greatest length of span of a girder must occur with & given
quantity of iron when the depth bears such a proportion to the length
that the quantity of iron in the connecting web will be one-third of the

» Loungmang, Green & Co,, London,
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quantity in the whole girder. This proportion can, it scems, be main-
tained with a ratio of from 4}, to } of the span according to the design.

The work the girder has to do is t& support a permanent load, con-
sisting of the roadway, sleepers, rails, &c., estimated for a single line at

_about *54 tons per foot run, and a rolling load, of from 145 tons per
foot run to 75 tons, for spans between 40 feet and 400 feet.

Besides this there is the weight of the span itself.

Now, whatever the load may be taken per foot, both it and the porma-
nent load of sleepers, rails, &c., may be considered as the useful load,
as far as the question of span is concerned, and this load will require a
certain quantity of iron to support it. If the load were coustant per foot,
the quantity would vary as the square of the span; because it will be as
the linear dimensions multiplied by the strain, and if the strain is from
weights reckoned on the foot of span, the total quantity of iron must be
as the square of the span.

Also the weight of similar girders must be as the cubes of their simi-
lar dimensions, and consequently amongst them as the cube of the span,

Accordingly if the useful load increased in a copstant ratio with the
span, the weight of iron due to it would increase as the square, while
the quantity due to the weight of the girder itself, would, for similar
designs, increase at the same time as the cube of the span, or more
rapidly.

As a fact, bowever, we find that the practical load for railways per
foot run, decrcascs from a span of 40 fect to one of 400 feet, about one-
half, owing to the distribution of the engine weights over a greater length
of train in longer spans, and also that short bridges suffer more than
long from a high velocity, and require some extra stiffening, so that in
longer spans the material required for the uscful load does not increase
in as large a ratio as the square of the span, whilo in practice, modifica-
tions of design are made which by alteration of form allows of girders
being made of less weight than is due to a ratio of the cube of the span.
These modifications are the progression from plate to Warren girders,
and from them to lattice, bowstring, and suspension girders, as the span
is increased, by which the supports are more distributed, and rigidity of
parts in compression preserved, or the use of iron in compression, avoid-
ed a8 much as possible, as in the last-named description of span,

Thus on the one hand, we bave the total weight of the span depending
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onone o!mnt (the nseful load) which deoreases per foot run from small

" to larger bridges, while on the other hand there is another element (the
vmght of the bridge iteelf) which increases per foot of span.

Practice seems to.show. that the fotal quantity of iron required to meet
both, taken together, is pretty constant up to a span of 200 feet, to which
limit the quantity is, as nearly as possible, as the square of the span.

When this limit is passed, the weight of the girders becomes such a
laxge element of the calculation, that the spans may cost anything, from
the cube to the fifth power of the span.

As regards the limit of span in reference to the useful load only, xt is
evident that the greatest useful load will be accommodated with the least
quantity of iron in the span when the total strain exercised by the useful
load equals that proceeding from the weight of the span itself.

In a span for a single line of railway, this appears to be the case at a
limit of about 200 feet. DBut we have already seen that this limit may
be passed with & view of procuring the cheapest lridge, which cannot

_be estimated without including also the cost of piers. These may
warrant the span being extended far beyond the paying limit with respect
to the usefnl load only, according to the circumstances which affect the
cost of them.

" A simple rule is quoted by Mr. Bindon Stoney as Anderson’s rule, for

.the weights of lattice and plate girders under 200 feet in length. Tt is this:

Multiply the total distributed load in tons by four, 'and the product
ia.the weight of the main girders, end pillars, and cross bracing in lbs. per
running foot.

Now the only disadvantage of this simple rule apparently is, that it

Tequires you to guess at a great pert of what you want to know.

The total distributed load of course includes the weight of the girders

‘themselves. Mr. Bindon Stoney appears, in assuming his permanent
span load, to have been guided-by the cube of the span, where only a
small difference of xpan occnrs; but be tells us that a knowledge of the
‘weights of spans beyond 200 feet is only to be gained by experience.
‘As bridges of all practicable spans have been made, it is a pity that some

“canciee récord of their weights does not exist for the gnidance of engineors.

- ‘But Mr. Bindon Btoney gives us & valuable little tablc of weights of
mrdm up t0.200 feet span, which is sufficient for our present purpose.
Anabutmtof ltmgwenbelow- o

' ¥, Vi BECOND SERIES. - : ‘ "
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am. 1 Ton. xi*m-. 'MM‘

(n). Wn!kiag strains 5 12 07 ' - OBt
tonsper square inch 16 . 1 1 ‘86 144
for tension, and 4 -84 b S 259 - 278
tons for compres- 82 . 84 40 . 48
\ sion. ‘40 49 58 - 62
{8). Dead weight of cross 60 11 - 184 10
girders platform ; 80 208 248 25'5
« ballast sleepers 100 83'5 890 407
taken at *54 tons per 120 497 57°6 603
foot run, 140 703 803 840
{c). Engines of 24, 80 and 180 054 108-2 1126
82 tonsgiving stan- 180 1254 1416 1487
dard load at 1, 13, 200 162:2 1800 1867

and 1§ tons per foot

run of single line.
The above gives the weight of main girders, end pillars, and cross
bracing.
Not included—cross girders, *18 tons per foot run (8 feet apart).
In regard to larger spans, the weight in some special examples are
given as under :~

(Depth 4 of the length),
(8ingle line).
Tons.
400 foot, " 1,164
480 ” » L] 2’586
600 » 8,886

N.B.—The weights of main girders for a double line bridge are double
those given for a single line bridge, and of cross girdera four ﬁnm 18
tons per foot run.

From this table it appears we may expect to be abletomlkelm‘
foet span, with 212 tons of iron, viz, ;= 4

Weight of girders, end pillavs and cross-bracing, s« o 186‘7. m S
Cross girders at 18 tous per foot, wve o0 ae e 880y -
' 7

M

This is & htble over the given quantity, but itis staﬁed that thq q%‘
tities in the higher spans of the table are perhaps rather in excess of m&.
- The total dmtnbubad!otdon a 200 fm span for di, h m;da ny u
" below :— N
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mmam 9...~ we e 18 touns per foot run.
mlm@ a bdh’ L ve- vor '10 »n . »
m w, M-, e | ens oo oo oo '06 » ' ”

W . in .’?d. oy vor e e 20 . »”

'“ m‘ x m tﬁt, ey cow e ", 108'0 m:
nonn’g ’m l'l‘ m any " s soe 2280 ”
Girders, &c., vee . e e wee 1860

Total, .. 5220
Welght» of girders, ad pillars and croas-bmng by Anderson's rule ;=

B2 fone X =2 = 186 toms.

With 522 tons of total distributed load, we can now start to apportion

‘e whole quantity of iron between the different parts of the girder.
" The proposed augle of bracing is 30° with the vertical, making a
aries of eguilateral triangles. This does not give the least quantity of
ron in the bracing, but it admits of the bars composing it being in
simgle lengths, without joints, which will not exceed 21} feet.

.The eimplest way of calculating the strains is to consider them first
m for 8 Warren girder, and then the sectional area of iron required can be
iplit up into as many lattice bars as msy be convenient.

.. The quantities of iron are theoretically as the linear dimensions multi-
lied by the pressures, and divided by the safe strains per square inch.
.. These come out vory simply, and the formule from which they are de-
ived ave easily recognisable.

The theoretical quantities have then to be modified for connections and
Aiffenings, and, following Mr. Bindon Stoney’s method, the process is
'ivnn ‘below s ‘

" The 'benuion bracing, is half the whole bracing, and the weight isw—

.- See. 9 («‘am 6. Dml:nbuud Load.
| A —y—-—-x-——a-==i!‘scnbic£»tiron.

A xPx
: .,n-&mbhlmkm,at%cnbicfeatpmton* vee e 908 toms.
‘..Mvﬂmbﬂangugd hnlion= e se e 1118
-:‘x',m”“, a wl' 200 200 , 1

\ B ]q ’szm., Xl“ c.ﬂ:.
: or 3160 ,,
‘Osmwmionicmmmsimmge, e e e e 3950

AR " Total theoretic weight, ... 91486 ..

v
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For the true quantities we hava the following :—

Theoretic tension bracing, w. o 908 tons.

Add rivet holes, say, § the net section,. . v 2926 1134
Theoretie compression bracing, ... e 11418

Add stiffening, 100 per cent., ... .. . 1118
Theoretic tension flange, .. 00 wr e BIGO

Rivet holes, § net soction, - G382

Covers, 4 of whole flange, . 474 4266

———

Theoretic compression flange, T
Covers of compression } flange, ... ... ... 404 4444
True tolal,
Add rivet heads, flange, bolts &e., %,
4 end pillars, at and, crossing bracing,

Add cross girders,
Contingencics,

Total, 212:00 tons.

The truc quantities of iron in all the parts have now to be divided be-
tween the members in proportion to the length and the strains.

The strains in the top and bottom flanges diminish in regular parabolic
ratio from the middle of the span towards the ends. Those in the brae-
ing lattice bars increase in arithmetical progression from the middle
towards the cnds. The division of the total weight for each of the three
principal members, top and bottom flangos and connecting web, in the
above proportion is a mere matter of arithmetic. The results are given on
the face of Plaie VIL

The weights of each section of the girder and the lengths being now
ascertained, the sectional arcas are easily derivable. In this particular
case, the sectional areas are then divided into four double lattice bars for
the web, which gives a support at 4'8 feet central distance in every part
of the girder.

Total cost of the Nerludda Bridge.

If the foregoing be accepted as an average plan, it will give a bridge
costing £10,000 of 200 feet span, or £50 per foot of single line.
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For the Nerbudda Bridge 3,600 feet long, the cost would consequently
be £180,000.

The existing bridge appears to have cost £47-77 at the least compu-
tation. It has, no doubt, cost much more owing to failures and recor-
struction. It is certainly for a double line, but the second line has never
been used, and were the traffic sufficient to demand its use, it is doubtful
if the structure would stand the work long. When we come to consider
what a large traffic might wo worked over a single line bridge, even on
double line of railway, it must be unwillingly conceded that a second line
will be ever required on the Bombay, Baroda, and Central India Railway,
over the few exceptionally long bridges, and the saving in the original
cost of & single over that of a double line must always be a great consider-
ation in the capital account.

At the same time, double line bridges, though they might cost double as
much 8s single ones, would allow of much more than double the uscful
work being done over them, and may be required for the short bridges
when they are numerous.

We have seen that for a 200 feet span, single line, about 212 tons of
iron are required. For a double line, a 120 feet span could be made for
about the same weight, as will be seen on referring to the table:—

Weight of main girders, &c., .. . . . .. 1202 tons.
Cross girders, at 072 tons per foot, .. . . .. 864

———

Total, . 2066

The cost would be about £41-7 a foot for the span alone for a double,
against the £25-0 a foot for the span alone of a single line.

But as regards the cost of a double line dridge, if the piers as designed
were lengthened only, and would then be considered thick and strong
enough for a double line of 20 per cent. less span, the ironwork in
them would be increased about 53 per cent., and all other items 69 por
cent., making the cost of a pier £7,905. This would give, at £24 a ton,
3294 tons for the weight of iron in the span.

From the table, it appears that under these circumstances, a span of
160 feet would be most suitable, giving the weight of—

Main girders, &c., abont .. . . . . e 225 tons.
Cross girders, . .- . . . . . 1B

»

Total, .. 340 .
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The cost per foot of bridge, inclnding piers, would in this case be
about—

7,905%2 __
6 = £99 a foot,

or s little loss than double the cost for a single line.

Were the same span adhered to for both single and donble line, and the
picr as designed, lengthened and thickened to preserve the same relative
advantages as regards the loads on the spans and foundations, the cost
would be increased, the ironwork aboumt 83'6 per cent., and the other
items about the same, making the cost of & pier £9,308.

The cost of the spans would be—

Girders, 17064 X 2 ==3841'28 tons,
Cross do., 072 X 200 = 14400 tons.

—

Total, . 48528, at £24 a ton = £11,646.
The cost of the bridge would then be—

Piers, ... —%%& = £46'54

— == 5828

Total, ... £104:77 or about 5} per cent, more.
Showing that it would be cheaper to reduce the span for a double line,
T. F' D -
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No. CCXVIL

DISCUSSION OF THE MOST RECENT EXPERIMENTS
ON VELOCITY-DISTRIBUTION IN A CHANNEL.
[ Vide Plates VIIL, IX. and X.]

By M&. L. Bazix, Ingéunicur des Ponts et Chaussées.
'ransl. by Carr. ArLax CunNinaaau, R.E., Hoa. Fell. of King’s Coll., Lond.

Translator's Preface.

Turs Essay is translated (with the author’s permission), from the ¢ Annales des
Ponts et Chaussées,” Vol. X. of 1875. It is an exhanstive discnssion of the Ex-
periments then available (1875) on the figure of the Vertical Velocity-Curve in a wide
channel : it does not of course include the Results of the following experiments ;—

1°% Parand, Urnguay, and La Plata, by Mr. J. G. Révy, pub. in 1874,

2° Connecticut, by Gen, Thoo. G. Ellis, pub. in 1875.

8" Roorkeo, by the prosent writer, pub. in 1875,

The author’s strongly expressed opinion adverse to the use of the * Double Float**
cannot fail to excite serious consideration, and acquires additional importance at the
prosent time in consequence of the recent publication of the extensive Experiments
on the Irrawaddi, and of the no less extensive Experiments still in progress at Roorkec,
in both of which the “ Double-Float ’ was largely used.

The trandlator must not bo held to endorse the author’s condemnation of the
“Double-Float ¥ when used with suitable precautions, at any rate for channels of mo-
derate depth : the * vertical velocity-carves’ resulting from the Roorkee Experiments
do not present the anomalies pointed out by the anthor in the Mississippi and Saik-
tha Curves, and will be found to follow pretty closely in different parts of the same
section the variation of form indieated in the Plates of the author’s “Recherches
Hydrauliques,” the line of maximum velocity invariably sinking with approach to
the banks,

The attacks mado in several quarters on the Mississippi Experiments about the
thickness of cord (stated to be *2") used for the Double Floats, has elicited* a spirited
defence of the Double Float by the authors of the Mississippi Report, and the im-
portant statement that the thickness was only *1*, and that the igure *2° before given
Was an error.

* % Annual Report of the Chict of Engineers for 1875 " —Appondix AA 15, puge 114, by Genl. A, A.
Humphreys, Waskington, 1875,
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On Velocity-Distribution tn a Channel.

The distribution of velocity in & current has already been the aim of
numerous experiments which are far from being accordant even in the
simplest case of a channel of great width, in which the cffect of the banks
may be disregarded: these experiments present in the case of a large
body of water considerable practical difficulties, and the highly variable
and capricious nature of the phenomena, the real laws of which are liable
to be masked by a host of secondary influences, greatly increase these
difficulties. However hydraulicians admit generally now-a-days that
the velocities across the same vertical vary as the ordinates of a parabola ;
the greatest velocity is sometimes at the surface, sometimes below, and
hitherto it has not been possible to estimate the causes which govern its
change of position. According to this parabolic law, the velocity v at
a given point of any vertical depends on its depth % below the surface
according to the very simple formula

ho— k'\?
v=V - M (—-ﬁ-}f)
in which %’ denotes tho distance from the vertex of the parabola to the
surface, H the full depth, and V the maximum velocity. Replacing, for
greater simplicity, the ratios & <=~ H, and 2’ = H by x and a, we may
write,
v=V— M@= a) eesreennens coevenses (1)
Beveral remarkable relations are easily deduced from this equation.
We have firstly, for the mean () of all velocities on the same vertical,
" —_—f{v M@= o} dz=V-M@~a+a)..<)
Denoting, according to the notation used by Messrs. Humphroys and
Abbot in their great work on the Mississippi, by v, the velocity at depth
z, 8o that o, vi, v g, denote the velocities at the surface, at one-half,
three-fifths,......of the depth, it is easy to see that the mean of the velo-
cities vx, vi—x, equidistant from the surface and bottom differs but little
from u; in fact,

mEt e VoM@ —sta'—at P =u—M (@ s+ })

an equation not involving a.  The factor multiplying M vanishes  when
z = 4 (1 £ a/%), or approximately whon = == 3 or $.
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By making & == } in the above formula, there results
vy = u 4 5y M.

Thus the mid-depth velocity differs from the mean velocity only by
the smafl quantity !y M, whatever be the position of the axis of the
parabola, Messrs. Humphroys and Abbot have based on this property
a rapid mode of river-gauging. Further the velocity at 2 of the depth,
although not independent of a, differs still less from u, for

vy =u — T M(& — )
an expression which varies only from (1 — -7 M)to (4 + ¢ M), whilst
itself varies from O to 4, which limits comprise most of the cases of
practice.

These relations are very simple consequences of the parabolic law, and
obtain for all valnes of M. Dut can we admit, that ceteris paribus this
parameter ig itself independent of the position of the axis of the para-
bola? Were it 80, when the vertex of the parabola is below the surface,
the difference (V — v,) between the maximum and bottom velocities
{V, v,) being diminished in the ratio 1: (1 — «)?, the ratios V = u and
v, =~ u should approximate very closely to unity. Experiment on the
other hand assigns to them nearly constant values; M should therefore

increase with « s0 as to preserve the difference (g— —7-;1) nearly constant.

This condition is satisfied by changing M in Eq. (1) into M = (1 — «)?;
whence,

R D Y ) R— enene (8):

l—a
Let us submit this hypothesis to the test of experiment, and at the
same time endeavor to find the general expression for M. The data
available for this investigation form four very distinct eategories :

1° Experiments on the small scale reported in Chap. IIL and IV. (Part iii.) of
the authot’s * Recherches Hydrauliques »,

2°, Esxperiments in Europe on great bodies of water (the Scine, Sadne, &c.)

8%, Experiments of Messrs. Humphreys and Abbot on the Mississippi.

4°, Experiments of Mr. Robt, Gordon on the Irrawaddi.

1°. Experiments on the small scale.

These experiments were executed by means of M. Darcys ¢ gauge-tube ”
on very regular channels of about 2 métres (63') width; the observed ve-
VOL, VI.—~SECOND SERIES. 1
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locities were pretty high, and the maximum velocity was commonly at
the surface. In the discussion of the experiments in which this latter
condition is best satisfied, we were led* to assign to the parameter M the
value M = 20 VHI (I being the slopc of the channel), so that \he equa-

tion of the parabola becomes
v=V — 20 VT & .cccovvvnnnannnns veeeen (4).

See Plate XXIV., Fig. 1, of the Recherches Iydrauliques for the
graphic representation of the resnlts of this discussion; by calculating
the values of (V — v) = A/HI for each of the velocitics across the
same vertical line passing through the axis of the stream, and plotting
each of these values as the ordinate (y) of a point whose abscissa is the
corresponding value of x, it is seen at once that all the points so found
lie closo to a single parabola y = 20 a?; this proves the law stated.

In this discussion, seven experiments, in which the maximum velocity
was below the sarface were disregarded : according to the hypothesis just
made for the general expression for M, Eqy. (4) should in this case be re-
placed by the following :—

ey — ? [
v= V= 20 WHI(TZ) seereeverersnnnns (5).
To extend the same mode of graphic representation to this equation,

let us take as ordinates 7' the values of ‘—:—/—};—_-_[3 (1 — a)? and as abscissw

those of (z — a); we must then sec if the points so found lie close to
the parabola y' = 20 "

The Table below shows the data of the seven experiments which we
are about to discuss, and also along with them those of the cight experi-
ments represented on Plate XX1V. of the ¢ Recherches Hydrauliques

The first columns of this Table call for no remark; tho two last show
the value of the maximum velocity V, and that of the ratio a ( =
I = H) which fixes its depth below the surface. It is clear that in con-
sequence of experimental errors, there is always some uncertainty as to
the position of the maximum velocity, so that « cannot be determined
within about ‘00 (= 4%). As to V, the velocities measured near the
vertex of the parabola give a sufficiently close value. Thus mey be found

quite accurately enough the guantities 5’ = :‘}ifl (1—e) ands’' =2—a

* See Recherches Hydrauliques, pagec 298, ef seq.
1 See also Plates XIX., XX, of the same for the data of these 15 cxperimonts,
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which form the basis of the graphic representation on Plaute X. An
inspection of Fig. 1 will show that almost all the points lie close to the pa-
rabola y* == 20 o/>. In estimating the degree of discrepancy, it must be
observed that a somewhat slight error in one of the velocities makes a
considerable change in the ordinates 3’ which depend only on their differ-
ences. The parabola represents then the results of experiment as well
as can be expected.

If we wished on the other hand to suppose M constant, and thus to
apply Eq. (4) instead of Eq. (5) to these experiments in which a differs

from zero, y* must be replaced by y = ‘_:/}iill, and the ordinates being thus

increased in the ratio 1: 1 <= (1 — a)?, the points so determined will lie
further from the parabola the more a increases. These values of y are
shown (Fig. 2) for the seven experiments in question, and it is seen that all
the points are actuslly above the parabola: the impossibility of retaining
Eq. (4) in this case is rendered obvious, and Eq. (5) alone remains ap-
plicable,

This latter may be written in a slightly different form, which is often
more convenient, dividing both sides of the equation by u, it becomes

Hife—a
Z —20 J 'lf‘ l—a )
In a body of water of great width, in which the effect of the banks is
negligible, H would merge into the hydraulic mean depth R, u into the
“ mean velocity ” (U) of the whole cross scction, and ss the ratio HI - u?

would thus pass into the known coefficient RI —+ U? (to be denoted by
A), the equation of the parabola. might be wntten,

1’._ 220 NA(TE “) SRR (1) %

u

In this form it contains onl y ratios ; it is therefore better fitted to give
an accurate idea of the distribution of velocity, the ratios only—and not the
actual values of the velocities in each particular case,—being the object
of research.

As the channels in question were only about 18 or 2 métres in width, the

quantities %f and A/A" differ by hardly more than a few hundredths
more or less® ; let us suppose them equal, and replace Eq. (5) by Eq. (6)

* The difference by direot calculation for the 1§ exporiments is generally much less than g of
&/"A ; only two experiments give s differenoe excooding this,
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the parameter is then proportional to the coefficient a/A, which thus be-
comes the “ modnlus ™ of the velocity-variation. Again, the formula (2)
which connects the mean and maximum velocities may be written

=TT (et )
or, substituting for M its new value
v=1+20vA-Arets @.
This formula assigus to the ratio V -~ u values increasing with A; as

the factor which multiplies &/A lies always betwecn 4 and 4, they vary

but little with a, as is readily shown by calculating their values for the
most usual values of A/A.

Values of V -+ u for

Value of -

A 1 1 .
J‘ a=0 a =5 a= F3 a= a = -;—

(minimum)

‘o1g 1'100 1°090 1°081 107§ X500
020 1’133 1'120 1'108 1100 1'133
‘028 1167 | 11go | 1935 1’125 1167

Let us vow apply the formulw (6), (7) to these 15 experiments;
the coefficient /A being known for each of them, the ratios V < u and
the parameters 20 /A —='(1 — a)* corresponding are deduced as follows.

An inspection of the Table (on next page) shows that the ratio V == «
varies between extrome limits 1-09 and 1+19 according to the nature of the
sides. Cuteris paribus, this ratio decreases somewhat when the maximum
velocity is below the surface. When o/A = *02, then V =~ v = 1'10
togl'18; this value will recur below in the case of large bodies of
water,

2°. Experiments in Europe on large bodies of water.

The meastrement of velocity in a large body of water presents seri-
ous difficultics. The meter used for the experiments about to be dis-
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cussed acts very well near the surface ; but when it is wished 1o penetrate
into the deeper layers of the stream, the vibration and bending of the
rod which carries the instrument, often interfere with its working, This
inconvenience is most sensible close to the bottom : if the meter is too
near the bottom, it works in an irregular manner, and the resulting velo-
cities arc obviously too low. This source of error explains certain
anomalics which will appear further on.

The experiments, the results of which it is now proposed to discuss, are
12 in number, viz.,

1°. Beven experiments on the Sadne, made in 1859 at Raconnay, 19
kilométres above Chilon, under superintendance of M. Léveillé.* They
were all made al one cross-section : the velocities were measured upon
verticals regularly spaced at 20 mdtres apart, and at five points on each
vertical, the two extrome points being as close as possible to the surface
and bed, and the remaining three equidistant, dividing the depth into
quarters,

2°.  One oxperiment on the Seine made at Meulan in 1852, under su-
perintendance of M. Ewmeryt; the velocity-measurements, instead of
regularly subdividing all the depths proportionally, were distributed at
successive depths of § métre.

3°  Two experiments by Mr. Baumgarten on the Garonne ; they were
made, one in 1845 at two kilombtres above Marmande, the other in 1841
at 21 kilomdtres below ; the velocity-measurements were irregularly
spaced, which makes their discussion more difficult.

4°, One experiment by M. Defontaine on an arm of the Rhine at
Kehl.

5°  One experimont madein 1867 on the Rhine at Dasle, by a com-
mission of enginecrs of the neighboring States §; the velocitics were
measnred on only a small number of verticals.

On Plates VIIL, IX. are shown tho cross-scctions of each channel, with
the velocities determined at various points of the cross-section; the Table
below shows the principal elements of these experiments,

* For those Exporiments, see the Table of page 309 of *“ Recherches fydrauliques,” (Exp, Nos,
4 to 10 of Scrica 39),

+ See the same Table, (Bxp. No. 2 of Series 2°).

1 Annalen des Ponts et Chaussdos, 1883, Second half-year.

§ Dio Internationale Rhoinstrvm Messung bel Basel, vorgenommen an 6-12 Nov, 1867, von I,
Grebenau, Munich, 1873,
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Valne of
FALL MEAN | Value | Maxi- @
| P oS e i
DRTAIL OF EXPERIMENTS, lomatro, | 1q atvenm. | muTER, || Y. th:l cm,th
maoxi«
1000 1, 1. VIT | V. |velooity.
(Experiment No, 1, ‘040 | 330 O1I§ | 595 | 10

» 2,1 40| 399 | -ot2f] .j00| .5 g
Saoxe o 3, 040 | 425 0130 | 715 | 13 a
at 4 " 4, | 040 | 434 | o132 | w25 g O
Raconnay, " b, 040 | 484 0139 | B30 | 20
” 6, 040 | §-30 ©i46 | 905 | .20 §
L » 7, 040 | 573 ol§1 | 905 | .zo
SEINE, Verticals 10 to 13, 087 283 0157 848 | zero.
at P, s  14tol8, 087 251 0148 | Bey| a0 2
Menlan, " 19 to 22, 087 3-30 0169 | 938 | zero,
GARONNE,  { Experiment of 1845, 210 2.82 0244 | 1417 | zero. ©
near Marmande, } " 1841,) 340 | 407 0372 | 2.040 | 20 *}
BrANCH or RHINE at Kehl, .. .. 398 1:50 0244 | 1-230 | zero, _
RHINE, Vertical No. 2, .. 1.218 285 0589 | 2636 | zero, L
at Basle, Verticals Nos. 3&4, | 1218 | 2.62 0565 | 2-450 ' zero, ¥

The values of H and V recorded in this Table are the means calculat-
ed for a certain number of verticals about mid-stream, where the effect’
of the banks may be considered negligible, viz. :—

Sadne, at Raconnay.—Verticals Nos. 2 to 7.

Seine, at Meulan.—Verticals Nos. 10 to 22: in consequence of the
considerable differences in depth, and of the changes occurring in the sur-
face-level during the course of the experiment, it has been thought ne-
cessary to take out three separate moans, viz.,, Nos. 10 to 13, 14 to 18,
and 19 to 22,

Garonne.—Experiment of 1845. Verticals Nos. 3 to 8.

Garonne.~Experiment of 1841. Verticals Nos. 8 to 5. (The verti-
cals Nos. 6 to 8 do not give a number of points sufficient to determine
the law of velocity-variation).

Branch of the Rhine, at Kehl.—Verticals Nos. 2 and 3.

Rhine, at Basle.—~Verticals Nos 2 to 4; the water-level having changed,
the vertical No. 2 has been taken separately.

The last column of the Table gives the value of a, which involves—as
already remarked—a certain indeterminateness.

By help of these data, we can caleulate the values of 2’ = o — a, and

V—»

U S

G (1 — )% 50 a8 to sce if they satisly the equation
y = 202", ‘ '

=
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The calculation of the velocities (v) presents no difficulty in the case
of. the Sadne; the velocity-measurements having been spaced so as to
sub-divide the whole depth (H) into quarters, we can—without taking
into account the differences of depth on each of the six verticals—take the
mean of thoe several velocity-measurements at the surface, quarter-depth,
half-depth, &c. This proportional sub-division was not followed in the
case of the Neine ; but, as the points chosen for velocity-measurement sub-
divide the verticals into five or six nearly equal parts, an easy interpola-
tion gives the velocities at depths 1 H, £ H, &e.,......or at } H,  H, &ec.,
and we can then take ont—as in the case of the Sadne—the means for
the homologous points. The same process of interpolation has been ap-
plied to the two experiments on the Garonne ; as to those on the Rhine,
where there were but few verticals, the mode of sub-division adopted by
the experimenters has been nearly followed.

By plotting—as in the experiments on the small scale—the points
defined by the co-ordinates «’, y’, (see Fig. 3, Plate X.,} it is seen a8
before that they lie close to the parabola. The only noticeable feature is
that the points corresponding to velocities measured at a short distance
from the bottom are all sensibly above the curve, which shows a more
rapid decrease of velocity in that region; nevertheless, it may well hap-
pen that this peculiarity is simply the result of experimental error, the
meter not recording accurately when placed only a few centimétres above
the more or less irregular river bed : this source of error has clearly af-
fected some experiments which it has therefore bagn considered nccessary
to reject, and it is probable that none of them are quite free from this.

If—in those experiments in which a differs from zero—we replace
the ordinates y' by y = (V ~ v) = +/HI, we prove again (se¢ Fig. 4,
Plate X.) that the suppression of the factor (1 — a)? raises all the
points mnch above the parabola, 80 that the parameter cannot be in-
dependent of a.

The values of A differing but little in the case of the rivers, it might
be expected that the ratio V - » would remain nearly constant ; formulse
(6, 7), assign in fact to this ratio and to the parameter of the parabola
the following values.*

the dfsorepancy is everywhere less than "
YOL, VI,~~S8ECOND BERIES, X



66 DISCUSSION ON VELOOCITY-DISTRIBUTION IN A CHANNEL,

ELEMENTS or PARABOLA

v _V WNA
Volpe (- = — ~ —X 200 0 o a)t
DETAIL OF EXPERIMENTS, of v ® (l-af (z—a
Vi 7 \ Vi
u 1- a)‘

( Experiment No. 1, .| 0214 1128 | 538 "0

» 2, «a| 0204 1316 | 565 ag

SaoNE " 3, .| 0z04 | 116 | 565 s

at < » 4, es| 0203 116 | 562 g

Raconnay, » 5, | 018g 1-100 578 *20

' 6, o] 0183 1100 | 578 30

L " 7, ..oo102 1.104 600 20
SEINE, Verticals 10 to 13, .| ‘0203 1135 | +406 zero.

at 3 - 14 to 18, o.l 0203 1122 501 ‘10
Meunlan, " 19 to 22, Wl 0203 1155 | 406 7eTO0,
GARONNE, Experiment of 1845, ..| 0200 1133 +400 Z0r0.
nearMarmande, { ' of 1841, ..l 0190 1-103 | 594 20
BrANCH OF RHINE, at Kehl, .. 0227 1151 -454 z€ero.
RHINE Vertical No. 2, | 0260 1173 | <530 zero,
at Basle, % Verticals Nos. 3, 4, .| 0200 14173 | -520 %ETO,

It i8 seen that the ratio V =~ u lies commonly between 110 and 1-13;
it rises in the case of the experiments on the Rhine at Basle to the
unusnally high value 1:17, in consequence of the peculiar nature of the bed
which consists of large boulders. The parameter lies between 4 and 6.

3°. Experiments of Messrs. Humphreys and Abbot on the
Mississippi.

Messrs. Humphreys and Abbot carried out large series of Discharge-
measurements on the Mississippi in 1851 and 1858, from which alike
they deduced the paffabolic law, assigning however to the parameter
values very different from those resulting from the European experi-
ments*. The enormous depth of the river not admitting the easy use of
the meter, they bad recourse to the method of double floats; the lower
float consisted of a cask loaded with lead; a cord of length equal to the
depth proposed to be attained, connected it with a surface-float carrying
a small flag; the passage of this flag past two' parallel lines of sight
200 feet apart, was observed with telescopes from the bank. At grest
depths this apparatus clearly does not show the velocity of the stream at
the point to which its lower end reaches; for the cord and the surface
float being plunged in layers of greater velocity, tend to move quicker
than the lower float, and the latter is thus dragged on in & decidedly

€ Report upon the Physics and Hydraulios of the Missisaippi River, by Capt, A, Humphreys and
Lieut. L, Abbot, Philadelphin, 1861,
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marked manner; the error thus committed increases continuously with the
depth, and too small a value resnlts for the parameter of the parabola.

The experiments in 1851 were of great importance in Messrs. Hum-
phreys and Abbot’s work : they are recorded* with all their elements in
six Tables, which show the velocities measured on a certain number of
verticals, the depth of water corresponding, the direction of the wind, &c. ;
the observations having been made at six different sections,f and in
different states of the river have no immediate mutual connexion. To
disengage from these somewhat discordant results, the expression of a
law, Messrs. Humphreys and Abbot took out the mean of velocities
obtained at corresponding points on the verticals of each Table; these
means are collected below.

It suffices to glance at these Tables to see that the velocities on the
same vertical vary much less in them than in the European experiments.
This might be foreseen, since the method of double floats tends to give too
high velocities for the deeper layers of the stream. Messrs. Humphreys
and Abbot appear it is true to anticipate this objection.f ¢ The size (of
the lower float) was so much greater than that of the surface float, that the
latter did not sensibly affect the rate of movement. This assumption was
tested by placing the apparatus in still water during a high wind, and also
by noticing the direction of the paths of the floats during a gale blowing
directly across the river. No wind effect of consequence could be detected
in either case,” This remark merely proves that the effect of the surface-
float is insensible which will be readily admitted; but as to the cord which
connected it to the sunken float, it naturally leaves it out of consideration,
because it was not subjected to the action of the wind. But it is quite a
different matter in a stream. Suppose in fact, to fix the ideas, a depth of
80 matres (about 98’), and the lower float placed as near the bottom ag
pqesible so to give the velocity v, A

Its section ‘88 x 256 = 9'5 sq. dé'cim(‘stres—-though far greater than
that of the surface-float, the neglect of which is fairly admissible,—
is less than that of the cord which exposes to the current an area of
<005 % 80 == 15 sq. décimdtres ; the mean velocity of the layers which
this cord pierces being sensibly equal to u, the complete apparatus will
not show the bottom velocity v, but a velocity intermediate to v, and
u, and nearer w than v,.

* See Report unon the Mirsiseippi, pages 280--232,

4 Sen Plate YX., for the principat section at Carroliton,
3§ Report upon the Mississippt, page 224,
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DETATL OF SERIES OF EXPERIMRNTS. DEPTHS.
o
Pable I 1°. Experiments made at
72 experiments on 18 verticals at 3 different sections, 105’ to 110" (32" to 83™'5),
Table IZ

42 experiments on 8 verlicals at 3 different sections, 65 to 70’ (1928 to 21™3),
Table 11X
28 experiments on 4 verticals at 3 different sections, 50" to 55' (16™3 to 16m8),

o .
Table IV 2°, Experiments made atlow water

24 experiments on 5 verticals at one section at Car-~ \
rollbon, .. -e .. en e .. | 95't0100'(29%  to 30m5),

Table V

20 experiments on 8 verticals at 2 different sections,
(one at Carrollton, one at Baton Rouge,) .. 75'to 80' (2209 to 24m+4),

Tadle VI

|
86 experiments on 6 verticals at 3 different sections, ‘
(one at Carrollton, two at Baton-Rouge,) .. ' 53" to 65" (168 to 19mR),
3

Besides the above principal experiments which were made with great
1858 on the Mississippi at Vicksburg and at Columbus,* and in 1851

DETAIL OF SERIES OF EXPERIMENTS. DerrHS.

1°, Experiments on the Missis~

Table VIX

Columbus—~52 experiments on 18 verticals.. 55" to 756' (16™8 to 22m9),
Table IX *

Vicksburg,—20 experiments on 10 verticals, 45’ to 65’ (13™'7 to 19m°8),
‘Table VIII

Pickaburg.—8 experiments on 2 verticals, . 75' (2279),

2°, Experiments at Bayous

L Table X
ayou Plaguemine.~8 experiments on 1 vertical, | 27" (8=2),
you La Fourche.—6 experiments on 1 vertical, 27" (8™-2),

4 * See Plate 1X. for the cross-sece
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* M¥ANS OF VELOOI'TY-MEASUREMENTS AT EACH DRPTH.
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care from boats moored in the river, other experiments were made in less detail in
on the Bayous Plaquemine and La Fourche.

MEANS OF VELOCITY-MEASUREMENTS AT EACH DRVTH,
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The results furnished by double floats are probably also subject 20
snother source of error; the complete apparatus being in equilibrium in
the mass of the fluid, the sunken float readily yields to the obligue
‘'movements which take place in the stream, and may be raised into
higher strata; in which case, the tension of the cord suddenly ceasing,
the surface-float becomes free, and takes the lead, thereby indicating too
high a velocity. Though little noticeable at low velocities, this source
of error must assume considerable importance in a rapid stream able to
retein in suspension solid bodies denser than water. Double floats though
more handy than the meter in large bodies of water, present therefore
less certainty, and their use tends to hide the law of decrease of velocity
by diminishing the parameter of the parabola, Let us collect then on
to one Table, the elements of the parabola which Messrs. Humphreys and
Abbot deduce by interpolation from the preceding experiments.

On inspection of this Table, we are at once struck by the smallness of
the ratios V == w and M -= u; the former, which in the European ex-
periments does not fall below 1-10, is reduced to 1:02, so that there is &
difference not exceeding ;5 between the maximum and mean velocities, A
difference altogether negligihle in practice. As to the parameter M = u
whose minimum was *4 in the rivers of Europe, it falls down to *15.
Another and not less atriking peculiarity is the unusual rise of the ratio a
which reaches ‘45 in the experiments at Carrollton, and -5 in those at
Columbus. Messrs. Humphreys and Abbot lay down indeed as a prin.
ciple that the normal value is “317, that is to say that in a regular stream
whose surface is not affected by wind, the maximum velocity is always
at § of the depth*.

These results are almost in complete disagreement with the experi-
ments above discussed; if this disagreement occurred only in the case of
the special experiments on the Mississippi, it might be attributed to
the exceptional conditions of this immense body of water: but they are
also equally pronounced on the Bayous; and the American experiment-
ers have obtained on these bodies of water, in all respects like our
rivers in Europe, extremely low values (‘16 to ‘22) for the parameter
M=

* The general value of U, taking into secount the effect of the wind, wonld be & = ‘317 + 08 7,
7 being a number proportional 1o the force of the wind . this number lying betwaen 0 and 10, muss
be considered plus or minus, scoording e the wind blows from the down or up-stream dlr«:mn,
(Report upon the Mississipp:, page 262),
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This result is clearly in fault, and must throw doubt on the exactitude
of the method used for velocity-measurement.

Messrs. Humphreys and Abbot assign to the parameter M the value
M = A/3U, U being the mean velocity of the whole cross-section, and & a
coefficient varying with H, viz., b = 284 = A/H F 457. In a regular
channel of great width, the ratio M =~ u would become, making U = u,
and replacing b by its value,

M *533
ERrR S i
whence result, by varying H and u, the following values :—

Values of M -~ u for

Value of H. ’ B o |
w="5 % =10 ‘ =15 ‘ u= 20 [

i -686 485 | *396 -343

3. 602 1426 <348 =301

5 493 *349 -285 247

10 419 297 242 <210

20: 336 251 *2085 177

30 .321 237 } 183 160

The ratios above vary between very wide limits: it is impossible to
make further eomparison with the results of the formnla (5), (6), as the
American experiments do not show the values of I or A/A. The resulis
collected in the Tables of pages 68,69 are in fact the mean of a certain
number of experiments made at various times, and it is impossible to
assign to the constantly-varying slope of the river a corresponding mean
value,

4°. Experiments of Mr. Robert Gordon on the Irrawaddi.

Experiments similar to those on the Mississippi have recently been
made on the Irrawaddi by Mr. Robert Gordon, an English Engineer* :
they may be compared with those of Messrs. Humphreys and Abbot, for
in the lower part of its course the Irrawaddi almost equals the great
American river in the size of its bed, and in the enormous volume of water
which it discharges when in flood.t The experiments were mede in 1872
and '73 at Saiktha, at the head of the delta formed by the numerous

*® In a recenily published memoir, * Fragment containing a discussion of 6 new formula for the Aow
of water in open channels, Milan, 1878,” Mr. Gordon proposes & new formula for the disoharge in #
canal : this memoir mentions some data taken frem the Irrawaddi experiments.

¥ The discharge of the river in fiood rimes st Sa¥ktha to 40,000 cubic métres per second, and the
water level may rise 14 metres above low level, (see the cross-soction, Fiate 1X.)
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mouthe of the river. Mr, Gordon has most obligingly placed his field-
books at my disposal, showing the data collected daily throughont a whole
yeat, and has kindly authorized my taking extracts. I shall borrow from
this vast collection of experiments still unpublished, some remarkable re-
sults which fall within the plan of this essay.

The velocities were measured as on the Mississippi by means of double
floats traversing a space of 200 feet; but the cord used to connect the two
tloats was not nearly so thick ; it was made of a very strong cord of 001
to *002 métres thickness, used in the country for making nets; the lower
float was placed in succession at 1, 2, 3, &ec., métres below the surface.

The observations having been curried on almost uninterruptedly for a
long period, it was necessary—previous to all discussion—to classify them
into several distinct groups according to the depth of water. These
groups are four in number.

Series 1°.—Experiments made whilst the river stood at 1'to 3' on
Low water, the gauge at Suiktha.
Series 2°.—Experiments made whilst the river stood at 3' to §'

Serics 8% —~Experiments made whilst the river stood at 26' to 8¢’ en
High water, the gavge at Saiktha,
Series 4°.—XExperimcuts made whilst the river stood at 50° to 35",

This primary elassification once made, the number of verticals on which
the experiments were made was still s0 great in cach series, that it was
necessary to subdivide the cross-section of the stream into subsections:
these subsections,—arranged so as uot to include very different depths,—
are four in number for low water, and six for high water ; they are shown on
the cross-section of the river (Plate 1X.)*; a separate mecan has been cal-
culated for each of them, by grouping together all the velocity-measure-
ments in the subsection; the points of observation on each vertical, being
regularly spaced at equal intervals of 1 mdtre from the surface downwards,
do not subdivide the verticals into proportional parts; it has been neces-
sary to find by interpolation from the observed velocities, the velocities at
L5y T £ seesveeer 'y Of the depth, and then take out the mean of all the
values 8o interpolated for the whole of each subsection. The Table below
shows in an abridged form the results of these laborious caleulations
carried cut for more than 500 verticals.

* A ehaded rectangle corvesponda on the figure to each subsection : the (horizontal) length of this
rectangle shows the limits between which the experiments were made, the vertical height shows the
Yimit through which the water level varied durlng the course of these exprriments. In order to
#void fractions, it has been thought right to preserve English moasures on this cross-section : thus
the ordinates ave spaced at 100! (abont 30m.48),

YOL, VI.~~8ECOND SERIES. L
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A mere glance at the preceding data shows at once a decided discre-
pancy between the Irrawaddi and Mississippi experiments; the maximum
velocity which Messrs. Humphreys and Abbot place always at & great
depth is in these, with rare exceptions, at the surface itself. By examin-
ing the decrease of velocity from the surface downwards, it is seen that
at low water, (Series Nos. 1, 2,) this decrease is decidedly more marked
than in the Mississippi experiments at Carrollton. At high water (Series
Nos. 8 and 4), a singular anomaly appears ; whilst the three first sections
of each series furnish results like those at low water, the decrease of velo-
city diminishes continuously at the other sections, and finally disappears
altogether at the last, where the velocity reaches 2 mdtres per second at
the bottom as at the surface. This strange result is evidently inadmissi-
ble, and its explanation must be sought in a source of error inherent in
the mode of experiment used: this cause already alluded to sbove, is
simply—in my opinion—the displacement of the lower float, raised by the
tamultoous motion of the fluid into strata higher than those in which it
is supposed to move; nearly nil at low water, this distarbing influence
must act with increasing intensity when the velocity of the lower strata
of the stream becomes high enough to hold in suspension solid particles
of & density equal to that of the tloats.

To proceed to & more detailed discussion of the velocitics measured on
the Irrawaddi and Mississippi, it is necessary to group them, so as to col-
lect together the experiments in which the velocities differ slightly, and
to form means in which tho influence of experimental anomalies shall be
sufficiently got rid of.

After finding the difference between the maximum velocity and the ve-
locity at % of the depth, it is easy to see that this difference is propor-
tionately larger in the Irrawaddi experiments : this peculiarity will appear
more clearly by transforming the preceding data, so as to show the mutual
ratios of the velocities. Take the fundamental equation (1), make a = 0,
and divide both members by V, whence

v M

But wo have (see (6)) made M = 20 u &/ A, and we have on the other

hand (m (2)) v = V — 4 M, whence results
M__ 20JyA
v qo J A
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DISOUSSION ON VELOCITY-DISTRIBUHON IR A CHANNEL, 7

and the oquation of the parabola becomes under this form,
L - BVA

v 1+ § 20VA

The hydraulic mean depth varies in Mr. Gordon’s experiments, from 55

2, crereeinnnsreriesenns(8)e

to 13 métres, and assuming that the foroffila A = 00028 ( 14 lji? ) de-

duced by me from the data collected from European rivers, is applicable
to the Irrawaddi, the corresponding values of /A will be 0175 and
*0185; introducing the mean, viz., A/A = 018 into formula (8), it re-
duces to

-‘.';_ =1 =322 ceervriieieeeeeienn, e (9)s
This formula would assign to tho ratio » = V the following valaes :—
Vatuen of |, £ v coo | 597 587 | ot |40 |93 |85 33 |10 |7

Let us return then to the Table of page 76, and divide all the velocities
of each series by V.

The comparison of the above results will be more easily done by help
of a graphic representation; let us take as ordiuates the depth z, and as
abscissa the ratios v = V, and plot for each group of means the points
corresponding to the values » =~ V, as well as the parabola rcpresented
by Eq. (9), (see Plate X., Fig. b, 6); an examination of these curves
suggests the following remarks :—

1°,  Those of the Irrawaddi, except the last, (No. 5, high velocities of
2 métres per second,) agree sensibly with the parabolic theory as far as
the point corresponding to mid-depth (¢ = -3): beyond this point a dis-
crepancy appears, scarcely noticeable in the low water experiments: it is
declared more markedly the more the velocities increase; in the two last
(Nos. 4, 5) the curvature is even reversed beyond the ordinate of & == 6,
s0 that the velocities begin to increase again downwards and become near
the bottom almost equal to the surface-velocities.

2°. The Mississippi curves present quite another appearance. The
low water curve (No. 1) recalls the corresponding Irrawaddi curve, with
the single exception that the value of the parameter is markedly less. Tt
is just the same with the curve No. 4 (of the Vicksburg experiments) which
may be compared with Nos. 2, 8 of the Irrawaddi curves. As to the
other three, they differ entirely because they suppose the maximum velocity



DISCUBSIOR ON VELOCITY-DISTRIBOTION IN A CHANNEL.

78

ot = » (z£6 L6 [g96- [zgh. loooer| e | e | v | o 666 [g6TTioGeT|"* ** ‘gieonuIas ¢ JouveRy )
*3iuqsyatp 9w 35&1@.”&*
ol == v jogg- |oo6- 1oz6- |gb6- |lg6- {hgh- |€66. (L66+ 1066 '000.1 96E-1 job-L¥ |*° ** ‘31BoTIIAA () JO UWAIY
‘Sauqgeydip e sjusmuadxy m VA HOL
eS.==p | ** | ** 1666. [666- |cco1 'g66- [¥66. [156- 1996 [156. |ilz.rlog 61 e ** ‘AIEOIGA T JO TBARY * TILVM HOIH
‘snquuio) jv swowLLdxE | -
000 1 |66+ {1g6: 1g96. €Lr.1 joz-gT i**  fsyeolpaa ZE[ sjusmmiad
-X0 UOJ[[OLIE) JO UW3IY [Biauar) |
S = v le9g |obg. 616- igE6. |96 ¥L6. |1g6. ¥66- ico0-1 'g66- 6g9- lob.zE i* ve *+ ‘g[EInILA g
~ -aSuoy-nojgg pus uoj[juLre) wduadk so7
78 spuamuadxe Jo uvdly [BIUIN

€¢. = » {Lz6. |6¥6- [g96- |zg6. [SGA- 1666-

‘ddississig

[l1g6- (€46- 1696~ 996- |€96- |rg6 |zL6. i¥vgb. \zoo-1 000.1{S¥0-7 0S-gT]** ‘SWOrMAL g9 F ‘o MR )
_ ! _ J0 9 ‘g s0N SUONOIE JO UMY
gE6. {$56. €96 |r¥6. 1¥E6. |gb6: £96- :6L6- |6g6- “ooo ggr §Sgu -~ °* SROHIA 9 ‘g 'ON

,38.55 . M “ wwmuwmwow.m.mozmuosuowuonwoﬁ_.«.mwﬁu.mmm
2 18 4 S6g- f 916. [L€6. |LE6. ob6° €S6- 1986 {8g6 ~ooo._ € Lg.1 ..mm.ma . ** ISIBOIMAA CF  ROLRG 491V A\ HOIHY
309034

| qI0q JO § ‘ON UOHRf Jo UBIN
‘XBW {ilzg. {S5g- |ggg- [606- ‘126 lEF6" 000.1 [06-1 [oI-g [** ‘sEdnIdA gZ1  SILS iog

“ Jo g3 ‘T soN §or0ag jo usapg )

-

€96 |ig6e I£66-

ofL- |Stg. lglg. [€o6 lgzb. |z¥6. |og6. [6L6e €66+ loco-r 9o9- |ol-g |-° .. e fSwONIAA O1Z
L m rx ” '] “SON LD JO uBIW [uRmAg | SALVAL A0T
1001 SANW
‘IppvMvLIY
y :
mi He | mL ., mi He | BV M mn;_ E._ HU ~ S m ) Ma.xa
vy | s R

*A £130[9A WRWIXEW 04 3 SINIOO[A JO A =~ & SO1jeY #._Q.ﬂ ; SVaR

!




DISOUSSION ON VELOQITY-DISTRIBUTION IN A OHANKEL. 79

at a oconsiderable depth., The curves Nos. 8 and 5 have however this
conumon characteristic along with the corresponding Irrawaddi curves,
that the velocitics are almost as high at the bottom ss at the surface,
but they do not preserve, as the lattor do, a trace of the parabolic
law in the higher state of the stream.

The anomalies which this graphic representation throws into relief, ap-
pear to me to be explained by thé mode of experiment used. In the first
place the acceleration of the lower tloat, increasing on the one hand with
the depth, and on the other with the thickness of the cord, ought to be
much more marked in the Mississippi experiments than in those of the
Irrawaddi, in consequence of the greater depth of the river, and of the
considerable size of cord used to connect the floats. Thus the experi-
nents of Messrs, Humphreys and Abbot diverge much more than those
of Mr. Gordon from the parabolic law given by the Furopean experi-
ments. As to the displacement of the lower float at high velocities, it
constitutes—as above shown—a second source of error which cannot be
got rid of, and whose influence is shown in all these experiments when
the velocities reach 1-5 mditre per second; yet Mr. Gordon's curves per-
mit the parabolic decrease to be seen even in this last case throughout the
third or half-depth, whilst those of Messrs. Humphreys and Abbot
present a singalar diversity, in which it is difficult to sce any well defined
law: it cannot in fact be explained otherwisc than by experimental error
how the maximum velocity is sometimes found to fall below mid-depth.

Summary of the above experiments.

Let us examine now the diverse results which we have rapidly review-
ed. The discussion of the experiments on the small scale shows incon-
trovertibly that the parameter (M) of the velocity-parabola cannot remain
constant when the maximum is below the surface; it must in this case
increase with a, and the experimental data are closely satisfied by replac-
ing M by M - (1—a)% Other analogous experiments might have been
brought into this discussion : they would not introduce any new element,
and I shall coafine myself here to citing one, of a quite special character,
in which again the necessity of increasing the parameter with a is clearly
geen. .

With the view of studying velocity-distribution in & rectangular chan-
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nel, Mr. Darcy had constructed in 1857 a rectangmlar pipe of ‘8 métre
horizontal width by <5 métre height® ; by sending different volumes of
water through it, it was proved that the velocities were distributed quite
regularly round the centre, and thet the law of this distribution was in no
way dependent on their absolute values, thie ratio v < U of the velocity
v at a given point of the section to the mean velocity U of the whole
section remaining constant, whatever thé volume discharged might be;
the coefficient RI = U? was also likewise constant and equal to -0G0275.
If we suppose the cross-section of the pipe cut in two equal parts by a
horizontal plane traversing the middle point of its height (2H), each of
these halves in which the velocities are symmetrically arranged, may be
compared with a rectangular channel of depth H. The decrease of the
velocities on the central vertical of this channel would follow the parabolic
law as shown below:—

at centre of the pipe, . . e v=1176 U

at *11 motre, or ‘44 H below, ., o t=1119 U

at ‘22 metre, or -88 H below, .. w =080 U

Velocities
measured,

After experiment'ing on the pipe, it was converted into an open channel
by removing its top, and a volume of water was passed down it such that
the depth of the stream was precisely equal to H. The section of this
streamn being the same as that of the half-pipe above considered, we actu-
ally found nearly the same mean velocity U and same coefficient RI<-U*
as in the case of the pipe for a like value of I: the velocity-distribution
however, was no longer the sawme.

at ‘03 metre, or *12 I below the sarface, .. v == 124507
Velocities ‘ﬂﬁ o, 44 1 » Luz=1180U
measured, (at 17, 68 H ” e == 10720
at 22 ‘88 H » etz YU

Here again these values satisfy the equation of a parabola, buti the
vertex instead of being at the surface, is at about } of the depth ; the ratio
1-18 which in the case of the closed pipe coresponded to the centre, oceurs
at the depth 44 H; as to the velocity near the bottom, it was not sensibly
changed ; the paraweter must therefore be increased in a considerable
proportion. Let us then test by these two examples the formula

v V. 20a/A
il spnan A CRa 0

»

* For these experitaonts, see Recherches Hydmuhqun, 3rd part, Chap, 11,
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To proceed with this trial, it must be observed that u denotes the mean
velocity on the central vertical, which is greater than U the mean for the
whole section ; there easily results for the closed pipe » = 1-058 U, and
for the open channel v = 1:114 U; substituting, and making a = 15,
A == 000275, the above equation becomes

For the closed pipe, %— = 1'175 ~ 851 2%,

For the open channel, —6— = 1220 = 512 (z — *15)?,

and applying it to the two experiments, we have,—

CLOSED PIPE. . OPEK CHANNEL.
. Dist Valueof v < U, Value of u <~ U.
from - Depths.
centre. .
by experiment. by formula. by experiment. by formula.

° 1176 117§ a2 1 1-245 1:220

44 H 1119 1107 -44 X 1-180 1177

68 H 1072 1076

88 11 891 *go3 88 I 911 047

The agreement is as close as could be wished*. I repeated in 1859
these comparative experiments on a smaller pipe; the results being quite
similar, it is unnecessary to record them here,

Let us pass to the experiments ou large bodies of water, The para-
bolic law is clearly shown in those which were made in Europe by means
ot a meter ; the increase of parameter with a was even more marked than
in the arlificial channels, and a rapid decrease of velocity is often shown
on nearing the bottom. This peculiarity is especially marked on the
Sadne, where the meter was placed some centimdtres from the river-bed.
Nevertheless the motion of the instrument being clearly hindered in this
case, it may be admitted with great probability that the velocities so
obtained are too low.

But if we now consider the great series of experiments made by use of
double floats on the Mississippi and Irrawaddi, we are face to face with a

* Thisagreement conld be made cloger for the open channel, by increasing the paramcter of the
parabola n little more.
VOL. VI~=SECOND SERIES. M
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strange diversity of results ; on the Irrawaddi we recognize pretty nearly
the parabola of the European streams, so long as the veloecities do not
exceed a cortain limit ; but beyond that we see tho parabola flattening out
more and more low down, and in the case of the high velocities of 2
métres per second measured in the deepest part of the stream, all curvature
finally disappears: as to the maximum velocity, it is commonly at the
surfaco. On the Mississippi the disagreement of the results, which have
almost nothing in common with the Buropean experiments, is more strik-
ing; the value of the paramoter is much less, and the maximum velocity
is always much below the surface.

The use of double floats would certainly have the effect of concealing
the deerease of velocity, and an attempt was made above to explain how
this mode of experiment might even bo completely at fault in the deepest
strata of o rapid strcam. However it wust be admitted that these expla-
nations arc not sufficient to account for the disagreement which the
American experiments show, not only with the European ones, but even
among each other; in fact they give for a:

Experiments at Carrollton nand Baton-Rouge, low water, .. 12 to 16

» at Carrollton, hizh water, RS VR (TRY &)
. at Columbus, ... 52
- at Vicksbarg, ... w10 to 20

May not this discordance be partly explained by tho fact that the Tables
from which Messrs. Humphreys and Albot dedace tho cquations of their
parabolas, include in their means a medley of too heterogeneous data?

The 89 verticals on which work was done at Carrollton and Diton
Rouge belong to five distinct sections ; as to the experiments at Columbus
which give a = ‘b2 they were certainly made at onc section, but they
correspond to such different states of the river, that the velocities varied
there from -6 mitre to more than 2 métres per second. Dy grouping snch
dissimilar elements into one mean, there is a likelihood of introducing
some confusion into the results, and especially of rendering the position
of the maximum velocity very uncertain.

The Irrawaddi experiments— by their great number and regular arrange-
ment at a singlo section, are much better adapted to a systematic classifi-
cation, and admit of groups being formed including only perfectly compar-
able data ; they form on the other hand asort of link between the European
experiments with which they agree in many points, and thoso of Messrs.
Humphreys and Abbot ; but though they show like the latter the marks
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of the procodure followed in velocity-measurement, they do not neverthe-
less leave any uncertainty in the position of the maximum which they
place near the surface.

The results obtained by Mr. Gordon disagrec on yct another import-
ant point with thosc of the American experimenters; now Messrs, Hum-
phreys and Abbot make the eocfficient A = RI =~ U? depend almost
exclugively on the slope I; their formula, according to which A would
increase aud decrease with I without being sencibly inflnenced by the
change of hydraulic mean depth T, leads in the case of slight slopes to
values of A much less than those hitherto received.  Mr. Gordon found
on the Irrawaddi in flood at Saiktha valaes of A comprised—as on the
Furopean rivers—between 0003 and 0004, and ke Las further shown
that for small values of R, A increased gradually as R decreascd, al-
though the slope itself decreased considerably, a result agrecing with the
Faropean experiments and quite opposed to the Mississippi ones.

I shall conclude by showing by some numerical comparisons in what
proportions the foermule to which I have been led, make the velocities
vary ultimately on one vertical: iy aim was to show that the parameter
must increase with A and «, and to fulfil this double condition, I have
thrown the cquation of the velocity-pambola into the form

* Fo—c\ 2
1-;:—~ '-)()N/‘\(]‘ﬂ)

The mean velocity » not being immediately given by direct observation
like V, it will be more convenient to replace the ratios % by 7, 83 was

done before when discussing the Irrawaddi experiments; dividing both
sides by 'V - u, the above equation becomnes

VgQ.L/:L (& —a)?

- (A —a)

Again by (7)

TErr g G et @)

Let us apply these formulw to some of the experiments, of which the
elements have becn given above, without however returning to those of the
Migsissippi and Irrawaddj, which kave already been the object of special
discussion ; the latter would not indeed furnish the numerical data neces-
sary to the comparison now proposed.
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Figs. 7, 8 of Plate X. exhibit the above resnlts according to the
mode of graphic representation used for the Irrawaddi experiments. The
parabolic theories are there shown by the continuouns curves having for
abscissee the ratios, v <=~ V, and for ordinates the depths «; to the ex-
perimental values of v <~ V correspond the isolated points which do not
generally differ from it markedly.

The extreme difference of the velocities, 2. ¢., the difference (V — v,)
betwecn the maximum velocity V and that at the bed (v,) varies in arti-
ficial canals from } V to £ V, and increases with the degree of roughness
of the sides : this should be remarked, becanse it is to the resistance of

the sides,~—measured by the coefficient A’A—that the unequal distribu-
tion of velocities is due. In natural channels this differonce is about § V.
The experiment on the Rhine at Dasle must be excepted: there are
united in this remarkable experiment a large section and a high slope,
very rare conditions which cannot coexist except in consequence of the
unusual resistance of the bed which is covered with large bounlders : thus
the difference of velocitics is here seen to increase and reach nearly 4 V.

When the maximum velocity is not at the surface, the difference
(V —,) does not decrease, and the parameter becomes necessarily greater,
This increase does not suggest itself so naturally to the imagination as
that due to increase of resistance in the sides; but it appears very clearly
by inspection of the figure, and it is clear that we cannot arrive at a re-
presentation of the phenomena under the hypothesis of constant para-
meter.

Dusox, 10th February, 1875.

Note by Translator.

The author of this Papoer attributes prineipally to experimental crror (inherent in
the nse of the “ Double Float”) the great depth of the line of waximum velocity in
some of the Mississippi Experiments.

To the translator it appears on the contrary that the depression of the line of
maximum veloeity is an excellent proof of the fair correctness of the results from
the “ Double Flout,'—when due care is taken to reduce the size of the surfnce-float
and connecting cord to minimum dimensions—as it shows that the sunken Float is
able to control the movement of the whole,
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No. CCXVIII.

FACING FOR RACQUET COURT WALLS,

By Masor G. Meruweruer, R, Free. Lugincer, Bombay Defences.

Ix 1869, a Racqnet Court and & Fives Court were built, back to back,
in the Morley Hall (Soldiers’ Institnte) Grounds at Colaba, the partition
wall Letween them forming the front wall of each.

This wall (like the side and back walls) was faced with ordinary lime
plaster, a considerable portion of which very soon gave way, and in July
1870, an estimate having been ealled for by Government, was submitted,
provision being made for removing the facing of the entire Racquet Court,
and substituting for it finely dressed cat-stone ; and at the sante time an
opinion was expressed that an equally durable and smooth surface might
be obtained by the use of Portland cewment properly used.

This cstimate amounted to Rs. 16,246, which being considered too
much 1o spend on the work, a revised estimate, amounting to Rs. 2,289,
was submitted in December 1870.

In this estimate, provision was made for substituiing cut-stone in the
front wall only, and mercly to a height of 25 feet from the floor, or over
an area of 1,000 square feet, this being the part which had suffered.

A dounbt was at the same time expressed as to whether the cat-stone
would be a success, and it was strongly reccommended to adopt instead of
it Portland cement plaster, very carefully prepared, and applied over the
same area, (the lime plaster having been removed, and the joints in the
rubble masonry backing carefully raked out, so as to afford a good hold
for the cement,) and it was pointed out that it would cost a mere trifle
(ustimated at Re. 278) compared with the expenditure on cut-stonce,
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Authority to try Dortland cement plaster was then given, and in
Febraary 1871, the work was carried ont according to the following di-
roctions, being those contained in the general description of the estimate.

¢ The walls of the Racquet Court are now plastered with ordinary lime.~
The lower portion, 25 feet high, of the front wall, has suffered much from
the blows of the Racquet balls, and in some places the plaster has peeled
off. It is proposed to try whether by using Portland cement applied
with great care, a beiter result may not be attained, at a cost very much

“less than that of cut-stome, which will otherwise probably have to be
used. '

“The Portland cement to be that of Messrs. Kuight, Devan and Starge,
or of the Wouldham Cement Comipany, .{icngth being the great object,
and quick setting of no importance.  The cement to be thoroughly mixed
with twice its quantity by measure, of clean, sharp, sweet sand, or shounld
sweet river sand nol be procurable, sea sand carcfully washed in frech
water.,  With this, hemp in the proportion of 1 Ib. to each three cubice fut
of the plaster, and cut in short lengths, to be mixed. Sweel water only to
be vsed in the mixing. The entire surface to be laid on in one day to
within half inch of the intended face, to be then thoroughly consolidated by
means of the 7hupkd, and before closing the work for the night, the whole
arca is to be intersected by diagonal lines drawn with trowels to a depth
of about quarter inch, and crossing cach other at a distance of about two
inches, so a8 to form a rough surface to which the remainder may adliere.
Then on the following day the remaining portion of the plaster to be ap-
plied, and then consolidated by means of the thapls, care being taken to
keep it as nearly in one vertical plane as possible, the whole being finished
off on the same day with a very thin coating of plaster, in which the saud
to be particularly fine, to bring the whole to a smooth surface. ”

The work, the cost of which was Lis. 280, was done necessarily at the
very worst time of year, the hot weather just comiug on, but care was
taken to keep the work moist for some time after its completion, and it
has been 8 great success, a very fair facing baving thus been provided,
which has been in constant use ever since; the total cost of repairs to the
plaster during the five and a half years, having Leen Rs. 2-12-6 only,
and the wall being now, with the exception of one small place, which
requires an expenditure of about 1 Re., apparcntly nearly as good as when
tho plaster was first applied in February 1871
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The gide and rear walls, and the remainder of the front wall," are still
of lime plaster, and have stood well.

1t is thought that the experience thus gained may perhaps be of use
in reducing the cost of Fives or Racquet Courts elsewhere.

So far as Fives balls are concerned, plaster made with Bombay lime
and properly applied, stands their blows very well, but this may not be so
at stations where the lime is not of such good quality.

G. M.
Bosmpay Drwrknces OFrice,
Gth July, 1876. }
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No. CCXIX.

RIVER-TRAINING OF TIE INDUS AT SHAH JAMAL.
( Vide Plates XL, XIL, XIIL aud XIV.]

By Grirrin W, Vysk, Esq., dssoe. Tust. C.E., F.R.G.S., §ec., Frec.
EBugineer, Irrigation Branch, . W. D,

Tiis paper treats of the measares which were adopted in the year 1876,
to protect the right bank of the River Indus at Shah Jamdl in the
vicinity of the head of the Dhundi Canal, by diverting the main stream
into a new channel, As the measures adopted were inexpensive, and at
the same time thoroughly successful, a brief record of the operations
may prove useful to the members of the Engincering profession in this
country, in which similar works in rivers of the same nature as the Indus
are constantly required in connection with bridges, weirs, canal heads, &c.

Few rivers in India, or perhsps in the world, have morc variable
floods, shifting streams, and less stable chanuels, than the Indus in its
long course from the mountains to the sea.

There is no single reach of the main stream of this river which is
straight for a thousand fect. That is to say, if its banks do not carve and
twist every two or three hundred feet, its stream will rebound from left
bank to right in the most persistent manner possible; and it follows this
law for many hundreds of miles through the Sind country. What is very
noteworthy, when the river is thus acting, is the variable way in which it
discards the silt on the side it regurgitates, erosion and retrogression of
level going on where it impinges. This action is always going on, and
it is only by a carefal study of its contortions and swaying nature, that
the Engineer is enabled, by using the valuable agency of its silt deposit,
to succeed in diverting the main body of the Indus as has been done at

Shah Jamdl.
VOL. V1.—SECORD SERIFS. N
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That great hydraulic Engineer, Frisi, in speaking of the erosion of
rivers of the nature of the Indus says, ¢ if a stream even when enclosed
‘“ between parallel banks, begins to make erosions on any part whether
‘* becanse the ground has there less tenacity and consistence, or the force
‘¢ of the water is there increased by the repercussions of the parts above,
it will be the points and angles of the places corroded that will be first
‘ overthrown, because those #hrts present the least resistance, and there
the force and impetuosity of the current are the greatest.” Gugliclmini
has treated thissubject at great length in his sixth chapter on the ¢ Nature
of Rivers.”

Thus the whole erosion will, in a short time, become one continued curve,
and the thread of the stream,—(as to beseen in all Punjab rivers,—) flying
off from this side, will goacross and batter the opposite shore; and in the
constant renewal of this same play, when an erosion has been made on
the right bank of the river, another will be made on the left, and thon
another lower down on the right, till in this manner the whole river bank
will become a continuation of arcs alternately cuncave and convex, and as
the stremgth of the stream progressively lessens in proportion as the
angle of the current with the corroded shore becomes more acute, the
obliguity of the thread of the stream, impelled and repelled, becoming
greater as the concavity of cach erosion is enlarged, it will so happen
that the force will at last become equal to the resistance, and each erosion
will have its limit, which might be ascertained, if the laws of the force
of the water and of the resistance of the ground were known. It may
in general be asserted, that a sandy shore will yield more easily than one
of loam, and that the erosions will be so much the greater as the current
of the river shall strike the shore more directly.

Hence it is, that in some places, when erosions take place, Engineers
are accustomed to throw back the embankments, and to wait until the
erosion hag reached its limit. In other places, the high perpendicular
corroded bank is sloped off so as to present an inclined plane to the stream
wherever it attempts to undermine it; but in most cases the encroach-
ments must be promptly checked and their progress cffectually prevented.
Various defences, on a large and small scale, have been invented for ihis
purpose. ]

The bays, ro common along the soft shores of the Indus, are due to the
action of whirlpools, which eat terribly into bawks, scour the bed and
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change the course of the river far more than the high floods, where the
river impinges, and the channel is at all confined the danger is considerably
increased, particularly where the banks are baked, and broken up in sec-
tions and caked from the fierce heat, when great masses fall over with a
Joud report into the river. Whirlpools can be stopped or checked by turn-
ing the current some distance above their influence. In some cases half a
mile up stream is not too far off to comulence operations, and on one
occasion we had to work a mile of running water before we managed to
check an unusually powerful whirlpool.

Whirlpools are caused by retrogression of level, backward, or under-
ground flow, cross or double currents meceting, sometimes by & sharp
spur jutting out into the stream aud bringing about an increased velocity
at the point of contact with4he wain stream. The sand along the worst
reach of Shah Jamél was of a very friable nature, but in certain sections of
the higher sand embaukments on the Shern and Muzuffergurh ghit side,
whete the whirlpools were continually showing themselves, and wheve the
erosion had been most actively at work, the accumulated deposit of last
year, where it was some feet in depth, was unlike the other sand of the
opposite shore being tirm, hard and compact. Each freshet or flood, seemed
to have brought down aun entirely different stratum of deposit—here and
there were intercepted veins of clay, varying m depth, color and solidity,
not always lying parallel, but twisling, curving and bending, occasionally
showing sharp dips and angles frow the other lines, but all finally meeting
towards a centre. I attribute such formation to the action of whir)pools,
which have gradually speut themselves out. I need hardly say that to
attempt to check the erosive action of whirlpools by throwing masses of
brushwood, or bags of stones, or weeds into the middle of them, is utterly
useless, producing no good results, but tends to increase the scoar, and
the power of the whirl, I believe small ones bave been stopped by such
mesns, but such a theory does not hold good with regard to the larger
ones, and in some cases I know how disastrous have been the results in
attempting it.

Famiano Michelini, in his ¢ Treatise on the Direction of Rivers,” is
the first author who has written on the defences that might be opposed
to waters, although he has not formed a correct view of the pressure,
which, even in standing waters, arises simply from the depth. Darratieri
in treating of spurs, bas laid down no rules on the mode of placing thew :
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he merely takes it for granted that they ought to be fixed where the cor-
rosion is the deepest, whereas on the contrary, it is easy to see, that one
ought to begin to turn of the current at the very edge of the erosion, and
that the spurs fixed lower down should be so placed, and at such propor-
tional distances, that they might mutually support, and be supported by each
other. Quglielmini and Zendrini have treated this subject more thoroughly

-

and accurately.

But the science of hydraulics may be said to be still in its infancy,
and no precise rules, based on incontrovertible theory and expressed in
perfect mathematical formulw, can guide the Engineer in determining the
position, direction, form; and dimensions of spurs, or other contrivances for
protecting the banks and guiding the currents of such a river as the Indus.

Reasoning and experience however, seemy to show that the most ad-
vantageous direction which can be given to a spur is that in which it
forms with the down-stream bank an angle of 45°.

The following descriptions will illustrate the successful application of
this theory, and the use of such simple appliances as the so-called
¢ Brownlow weeds ’ to the training of the Indus floods at Shah Jamal.

The Government have for a number of years past, devised various means
to keep back the floods of the Indus from inundating the surrounding
districts, by throwing up massive bunds and embankments, some distance
back from the sides of the river. These have answered their purpose
fairly enough until the Indus approached them, when the erosion setting
in magde short work of the most massive of earthworks, and swept out
everything else which opposed its onward and erratic course. At Shah
Jamidl, lines and lines of these bunds have been run up, one behind
another, for many years past, only to be carried awsy by the succeeding
flood’s season, (vide Plates XI., XIII. and XIV.) At onc point, in parti-
cular, may be observed the multiplicity of bunds, thrown up to check the
Indus from pursuing a westerly direction and towards the head of the
Dbundi canal. The end of the great embankment of 1864 was over four
miles east of the present Dhundi head. In 1870, an addition became
necessary, owing to the erosion eating away half a mile in that direction,
at the end. This was followed by & further addition of embankment,
directly behind it in 1871 ; and running in a direct line from near the
Shah Jamal choki, to a point on the 1870 bund. The 1872 bund wasrun
up & mile behind that of 1871, and almost parallel to it, until it joined the
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Dhundi canal head,—~which was then three miles from its present mouth.
A Loop-line followed this in 1874, which was eaten through last year.
Some are inclined to think that the Dhundi canal had much to say to the
Indus pursuing this westerly direction, it having dragged the siream over
towards its head and encouraged the terrific encroachment along this
reach ; but I am not in favor of this opinion, and shall give my rcasons
further on, merely stating now that the Dhundi canal is with full supply
abont one four hundred thousandth of the discharge of the Indus at this
point; so practically it can be of little moment in dealing with the flood
supply. The Dhundi being an inundation canal, it is dry during the winter
months, when the difference would be still more marked and the theory
yet more untenable.

The massive embankmept of 1875, thrown across the strip of land
between the Nur and Dhundi canals, was placed three miles from the
rivers edge. It was constructed like the others, with a view to

hold back the floods of

SIRKANDA GRAss

R.L 365, , SS ANp gy the Indus from inundat-
TN S{Q»"*’i‘g-« A store JUNGLE

-

- ing that portion of the
district, to protect villa-
ges, lands, and a great amount of property, and for the maintenance
of irrigation operations. With the Nur and Dhundi flank bunds, this
embankment contained nearly eleven millions of cubic feet, of earthwork,
and was completed by me in less than two months’ time, and in the
usual local manuer, peculiar to this part of India, viz., by the scoop
drawn by a pair of bullocks. To load this, the driver stands ¢n the
front edge, the bullocks are driven on, when the tray buries itsclf in
the earth, the man then steps off, and the scoop tray, containing the
load is dragged up the embankment, a string fastened to the tray from
behind is pulled, when the load is tilted up. In this way all earthwork
is done on the frontier. But important as this bund was considered at
the time of its construction, and far back as it was placed from the action
of the river, it soon became apparent that it also was doomed to go, and
it was merely a mattor of time how long it would last; for the Indus
having taken a dead set in this direction, it worked out a tremendous
gap, facing the south end of the bund, and the erosion continued most
steadily during the remainder of the season. Four months from the time
of completion of the buud, upwards of two miles of rich land were eaten
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away by the severe action of the main stream, which was within a few
hundred feet of the said 1875 embankment; when steps were taken to
check the erosion along a very remarkably sharp bend the river took, fac-
ing the south-east side of the Big Bund. The annexed table will give
the erosion measurements at one or two important points, along this
reach, during this period. I have stated that this cutting away of the
west bank of the main stream had been steadily going on since the 1864
bund was thrown out to check the terrible inroads of the river, in the
direction of the Dhundi canal; that the bunds which had been erected
since then, were one after the other swept away, as the river reached them ;
and the country was time after time submerged by the floods. This de-
manded the scrious attention of the authorities for saving the district.
The salubrity of the air which would be restored by properly draining the
country and keeping the Indus within its restricted chanuels, is certainly
not the least important point to be considercd by the Government. The
advisability of meeting the danger, at the very base of operations, was a
matter that was carefully considered by the Canal Officers ; and I drew up
8 project about the middle of last year for a breakwater, which should
run out and meet the main streans, along the low waste sandy bed of the
river, by weans of an embankment well protected at the extreme end by
concrete blocks along the foot of slope; faced by dry stone pitching on all
exposed slopes; the whole held by strong 25 feet piles to keep the blocks
together ; these piles to be fastencd to cach other by strong wire interlaced
from top to bottom, in case undermining or unequal seitlement should
take place, or any part of the base give way, This project, however,
was slightly altered, and after trying many experiments with various kinds
of floating breskwaters, spurs, and bairier works, to check the velocity,
and thereby cause silt to deposit,—orders were given to defend the sharp
bend, already alluded to, from further erosion, by means of ¢ Brownlow
weeds,” thrown out to meet the main current and to act as spurs. These
performed their work exccedingly well, and additions were subsequently
made to them, so that in time the stream was forced away from the west
bank, into near mid-channel, athough this part of the river had by this
time formed a semi-circular bend with a radius of about a mile. It will be
observed by the survey taken on the 21st April, (Plate X1.,) that before
the stream swept round this sharp curve, it underwent very extraordi-
nary action, forming in its course almost a double S5 in fact, for some
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distance above this point, the violence and changes of the Indus have
never been known to occur within such a short time. It will be advisa-
ble, for convenience sake, to number and letter these sections of the
river as follows :—Reach above junction with Larkiwalla creck, A1, Below
Larkiwalla creek to V’s creek, B2. From V's creck to Tiger Island,
C8. From mouth of V’s creek down channel to.opposite bund of 1872,
and Loop-line, D4. The sharp bend from this point round by head of
Dhundi Canal, E5.

After the floods were over last year, a narrow, shallow creek, was
discovered, which was newly formed, and which connected the horse-shoe
shape of the river from a point near the Shern and Muozuffergurh ghits
to the old Lundi ghit. This creek is known as V's creek, and measared
about six miles in a direct line.

The idea occarred to me to divert the main river of the Indus down
this channel, and—by means of certain works (which I shall hereafter
describe) placed across the river at the head of this creek when at its
minimum supply—to dam the stream, so as to force more water down
the channel. It would from the nature of the right bank eat its own
way through, and as the draw would necessarily be so much greater
direct than all round, the main stream, with a little encouragement, would
eventually on the river rising take the shorter and more natural course.
Both Mr. Garbett and Mr. Ivens supported my views in this matter,
and allowed me to carry out my project, and with their professional advice,
I accomplished the whole undertaking, and forced the streaw away on to
the other side, in a very satisfactory manner.

I shall now proceed to deseribe the method of carrying out the diversion
and defence works. The creek ran dry early in December, but by clearing
out the accumulated silt at the head, the channel was re-opened, and 300
cubic feet per second passed down : by cutting the sharp neck through, the
volume of water was increased o 1,000 cubic feet per second. The creek
was further straightened, and a strong 500 feet catch-barrier thrown out,
across the main stream ¢low the mouth, which caught more water and
forced it down the channel. By means of hand dredging at the bar-head,
500 coolies increased the volume in two days to 2,200 cubic feet per
second, although the river did not rise a fraction. From the peculiar
formation of creeks of this sort, taking off abruptly from the main stream,
there is always a tendency to silt across the bar-head, and at the tail, aud
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it is only by clearing this constantly away that such channels can be kept
open. The nature of the stuff through which this creek passed was stift
clay on the east or left side. The banks were high for this part of the
Indus, and thick impenetrable tree and other jungle lined the east shore.
The bottom, entire bed, and right side of the channel were of an alluvium
deposit—soft and quick, and low friable sand banks covered the space
between the waters. At only one place, known as Tiffin Doint, were the
banks of any elevation, and this point jutted prominently out and met
the main stream.

It was here that I succeeded in placing auxiliary barriers in such a
position, that with the action of the main current they were dirceted to
catch, scour, and help the river in its work of croding and cutting out a
greater mouth at the head. The bank being friable sand, the work was
accomplished with comparatively little labor. A small channel was sub-
sequently cnb across the narrow neck facing Tiger Island, and a freshet
coming down about this time, a vast ¢uantity of water was forced to
take this course, the consequence was from a small channel 10 feet wide,
it became in a single week 80 feet at the bed, with a tremendous draw
down it and a velocity of six feet per second—the sandy sides fell in, and
before the end of March, all the smaller streams joined here and became
one channel, with a minimum width of 400 feet, (now 8,500 feet):
the discharge at the end of March was calculated at something over
7,000 cubic feet per second, or about one-fifth of the whole volume of
the Indus at that particular time of the year.

The tendency of the river at Al was evidently to pursne a straighter
course in the direction of the Loop-line, and the erosion was actively
at work when measures were taken to stop it. The sand banks on the
right of the stream were very low, and being only about 2 feet above the
water line, were easily eaten away by the current, which set in along this
reach. Very remarkable changes took place here during March, The
main strcam was continually changing its course, and on the 12th
it cut out 800 feet in 24 hours, and passed through 200 feet of the
advance flank. The main defence line of barriers was undermined,
and fell over into the river. The current for some days was working
into the soft sand, and doing very serious imjury to our defence works;
when I constructed an auxiliary flank higher up at the junction of
the Larkiwalla creek tail and main stream. The piles were worked
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8 feet into the sand, and stood out 12 feet above the bank, the whole were
strongly interlaced in the usual manner with le; brushwood (see figures)
cross bars, supports,
and counter- supports
were added to the
line, which extended
900 feet from the
head, and so placed
as to throw off the
stream, on the river
rising over this low
bank in this direction.
To help this barrier
work, a floating break-
water of stacks of jungle, vide
Plate X1I., were thrown out
from the end of this point into
the stream, and measured 500
feet in length; others of greater
size were added lower down,
and when the velocity was dimi- Plary
nished, the main line barrier was repaired and considerably strengthen-
ed. This main line measured over 8,000 feet. The spurs, shoots,
auxiliary barriers, and flanks, placed in such a manner as to turn the river
away from this point, aggregated 2,000 feet. Three different times were
the works swept away at thoe end, simply by undermining, but the mas-
sive floating breakwaters from above, decreased the velocity along this
reach, thereby collecting enough silt to work on, and so I advanced bit
by bit with the strongest barriers into the current, and obtained in time
a good position. The floating breakwaters were always so placed as to
help the general working along this dangerous shore. I cannot spesk
too highly of these simple contrivances of floating breakwaters composed
entirely of stacks of fascines and jungle. The results obtained were
truly marvellous, and achieved even greater things than those tried at
the end of the 1872 bund during last season,

Some of these breakwaters were 4,000 feet long. The main cable
measured one foot in circumference. Attached to the main cable were
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supports from the shore at every hundred feet or so—if the shore was not
safe, they were held by anchors at suitable distances, (vide Plate X11.) The
stacks of jungle were about 20 feet long and 10 feet in diametor, they
were held by four-inchrope. If that was not strong enough it was doubled.
The stacks were thrown over at every 20 or 30 feet. In some places a
dozen stackshavebeen thrown over in one place. They should not be used
sparingly, and they do no good until the velocity of the streaw is deereased
to two feet per second, when silt accumulates and the resultis obtained.
Brownlow's weeds (which are fascines held by an anchor (A), and sup-

¢ Brownlow Weeds. ‘g
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A, N\, Anchors, (trangars, 20 mds, stone.) 2

B B, Floats, (empty eusks,)
C, Do 8" main calle, (minj vope.)

ported by a barvel (B) which floats) should never exceed twice the depth

Ww. of the water. 1If longer, the
rope with the fascines will sink,
and forms a parabolie curve,
y when it only does half itswork.

It does not matter if the cask

Depth W r hoing 1, length of “weed ” (A to By ¢ -
to be 2, distance apart (B to B) 5 feet. C to be sinks a foot or g0 b'elf)w t:he BT"
well defended. face, the work of silting is going

on more rapidly from the bottom. It is a mistake to suppose these weeds
are any good when 20 and 30 feet apart. They are utterly useless unless
together in @ clump, Sometimes to check the velocity, I have had three
and four directly behind each other : it should be borne in mind that ‘unity is
strength.’ The revolving casks are expensive. The weed should be a0 con-
structed that the cask should be just submerged, it will then work perfectly.
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The main current crossed over from opposite Larkiwalla creek and’
turned sharp round from the barriers and breakwaters just noticed, back in
the directions of V's creek, forming in a short distance of 5,000 feet &
complete § curve, and rebounding from shore to shore, one current run-
ning parallel to the other in just the opposite direction on its return.
The draw down V's channel became very great, and I seized the
opportanity of placing 100 of Brownlow’s weeds close up under the
current, and across the main strcam on the right side of the river—
double lines of weeds were adjusted, and strong barriers thrown out to
check and retard the river from passing down its old course. The main
stream had actoally eaten into the head of the channel, but rebounded
sharp back. The crosion became very great to the left of this point,
and 2,500 feet of the soft low sand banks were eaten out in a single
day. This very much helped the work of scouring out and enlarging,
and the channel, which afforded the only means of escape for the
Backed np water, became each day larger as the sides were eroded and fell
in.  Tiffin Doint went, and the temporary barriers were instantly remov-
ed. The line of Brownlow's weeds had now to be altered to some point
Jower down—the ropes were cut, easks removed, and the old weeds sunk,
The second plan which was surveyed on the 27th May, (vide Plate XIIL.,))
will show that the thread of the stream became wore dircet, and from
the sharp and unnatoral bends in the river from reach Al above Larki-
walla creck, the whole current swang round, quite half passing down V's
channel, the remaining following its old course. 1t was not until the
new line of weeds had been readjusted anl placed about 45° with the
original channel, that the Indus was finally checked, and the entire river
left its old conrse. In May, this became an established fact; for the Indus
once turned off, the old bed began rapidly to silt up, The following is
a list (page 100) of the depths and soundings taken from end of the 1872
bund, and in a direct line with it across to the other side. Its gradual
silting up in so short a time is worthy of remark.

The contortions of the river in reaches D4 and E5 early in Ap;-il,
bounding and rebounding from one side to the other in sharp curves,
resulted in eroding a very large bay below the Loop-line bund. The
action of the current was very severe here, and a series of eddies and
whirlpools did great damage to the west bank. A considerable number
of Brownlow’s weeds were thrown out (as shown in Plate XI.) which
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Soundings across Indus from end of 1872 bund to left or east bank.
Deduced to one level for comparison. Observed by G. W. Vyse.

Distance
in feet.
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checked the direct action of the stream. The current of the river formed
a perfect backward S in this particular reach. Lower down a whirlpool
of terriffc force played about, and tore out the sides and scoured the
bed. It would be impossible to state the number of weeds it swallowed,
and the floating breakwaters it demolished before its action was destroyed.
The maximum depth of water in this bay, was 25 feet on the 20th April ;
on the 1st May, it was 23 feet ; on the 15th May, 12 feet; and on the 22nd
May, the river having fallen a little, a silt bank showed itself along the
entire length of the bay.

Along E5 reach, the silt by the 80th May had deposited itself round
the entire curve of the original channel where a month before the Indus
flowed, and so great an amount of slash and silt was accumulated, that
it was with difficulty the small rowing boat could be brought round.
Large country boats passing up and down the river began to run aground
early in May, and by the middle of the month, as they could net possi-
bly succeed in getting round, were corapelled to take the diversiofi course
where the stream was so strong.

The following table will show the increase and decrease of velocities per
second at some of the most important points in the old-round-about
channel the river was leaving, for the new course (B2, C3), where
the draw and gradient were 80 much greater than by E5.

No. Velocities per second. F“m‘&‘;{‘;ﬂ"“ Remarka.
1 oftl12ft] oft.l10ft. l2ft.i s Opposite Tiger Island, West
| bank, C3.
2 70 80| 90| 90100 No. 7 On East bank.
3 50{60] 50! 40| 40 No. 0 On West bank.
4 207 1')5] 1'A! 10} ... No. 1 Edge of 1872 bund,
5 15 1'5f 10 ... | 10 No. 3 ‘West bank.
6 201201 1:0] 10| 110 No. 4 Do,
7 25 1'5{ 10] 10{ 10 No. 5 Head Dhundi Canal.
Igérfi":g: w i |l& |n|® Calm. The floats were bottles.
Ba. (Sl olsl 18 )
<4 ﬁ = g 2 | B | Eddics, &c., | The average of 5 floats taken,
2% - = |- N Crag
258 |alg : ala avoided.
SFF |z |glfia|s

(Nbserved by G. W. Vyse).

N.B.—Where the velocity is above 87 feet per second, silt will not deposit:
velocity here, means Burface Velocity,
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The surveys of the river, I made at the most eventful times, and when
the changes will show most, viz., on the 21st April, 27th May and 17th
June, (Plates XI., XIII. and XIV.) The lines of works showing general
arrangement, the various currents of the main stream, erosion lines, and
diversion enlargements, bunds, defence and protective works, barriers,
weeds and flanks, ave all shown. The sheet of water between the 1864 bund
and the V creek, and again in the old channel opposite the Dhundi canal,
will be an enormous area when the river is in flood, but its velocity is ra-
pidly decreasing thereby, showing that silt is fast accumulating and depo-
siting very evenly—it can ouly be a matter of time when the whole will silt
up and become reclaimed land again. The barriers and floating break-
waters are considerably strengthened since the tloods, as the débris is a
vast field above and below the defence and tlank works, which if properly
guarded at the head, nothing can destroy or sweep ont, If the scour
increases in the reaches B2, (3, it may be fuund necessary to throw off the
current by means of a new line of weads, but at such a time the utmost
caution should be exercised in using weed spurs.

The protective works are secure beyond a doubt for the remainder
of the scason, but at the same time they should be carcfully guarded and
watched.

The river has now been forced over on to the extreme east bank, and it
is possible this change may influence its course and action for a consider-
able distance about the Sheru and Muzuflergurh ghiit reach. I am in-
clined to think it may seriously effect the scouring out of the Larkiwalla
ereek in the course of time, and from observations and notes taken, the
tendency certainly appears for it to do so.

I think 1 have shown the use of these floating breakwaters, barriers and
weeds, and how they can be worked in protecting the encroachment of
the Indus, and how they can be placed when the riveris in a low state, to
change and divert its course back to its old channel, or check the severe
erosions which are continually going on. The whole theory being that one
ought to turn off the current at the very edge of the erosion, and that the
spurs and weeds fixed lower down should be so placed, and at such pro-
portional distances, that they might mutually support and be supported by
each other, care being taken that the flanks are secure, otherwise in all
schemes of this description of defence, unless the impossibility of a breach
is demonstrated, the remedy proposed is worse than the existing evil,
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1 have said nothing about the various estimates drawn up at different
times for the protective aud defence works of the river at Shah Jaml,
because I think they would prove of little interest or value to any one
not working in this particular locality. I had been very fortunate at first
in having ample brushwood and stakes growing within the immediate
vicinity ot the works, and on lands of the villagers, who were only too
glad to have the same removed, in order to clear their grounds for crops.
The cost has therefore been comparatively small as compared with other
places, as I utilized all the material at hand before 1 touched the Govern-
ment rakhs, On the east or left bank of the Indus stands a vast im-
penetrable jungle, belonging to the Forest Department. This rakh was
very handy for the work ou that side, and I was greatly indebted to the
co-operation and assistance of the Forest Officer. T had the good for-
tune to have good brashwood, wattle and timber for all purposes growing
along this shore, for the diversion works.

The stone for anchors were boulders of great size and weight, brought
by camels from the ncighbouring Beloach hills about 60 miles off.  The
Deputy Commissionerand Lagari Chiefs helped me in getting 1,000 camels,
and it was through their exertions, I was able to perfom this part of my
task.

The large cable miinj ropes were manufactured at Muzuffergurh and
at the jails of Dera Ghazi Khan and Dera Ismail Khan. The sthaller
ropes were made on the spot, or hought at the neighbouring towns.

I did as much of the barrier work as I could by contract, at from
Rs. 10 to Rs. 14 per 100 running foet. Staking, piling, bracing, &e.,
wera also given out by contract, from six pie to an anua and a half
per stake. The higher rate was given if they worked in water. I esti-
mated “ Brownlow weeds” at Rs. 13 each complete, but I found they
did not cost Rs. 8 on an average. Sloping the sides of the embank-
ment where excessive erosipn was at work, cost Rs. 1-4 per 1,000 cubic
foet. Coolies employed in opening out the head of the creck, and re-
moving the bars of silt across the mouths and otherwise engaged in
“hand dredging,” received 2 annas and 8 annas per day. Occasionally
I got the Beloochees to take these jobs by task work, and then it was
executed at a very trifling cost, aud in a remarkably short time. When
breaches occurred in any flanks, the best plan was to muster sufficient
men in & body and make them stand together, packed in ¢ mass. A
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spere 100 or so with brushwood and fascines ready at hand to *pack
the breach” would often close an almost impossible gap of rushing water,
and in & comparatively short space of time.

When the force of the water is so strong that a man cannot stand
against it, knots of men in twos and three together catching hold of each
other, can pass a rope from one side to the other of the gap—as the men
are powerful swimmers there is no danger. Some of these men will pre-
fer to swim the Indus in flood (going over a distance of 12 miles) rather
than pay the two pice ferry toll.

The best and strongest minj foot rope for main cable, costs at site of
work, Rs. 5 per 100 rumning feet. Eight inch munj rope, same pat-
tern, Rs. 3 per 100 running feet. [N.B.—Any minj rope when once
submerged should remain under water, else the sun will rot it very soon,
Those ropes that are exposed at the junction of the water and bank should
be well oiled which will repel the water.]

The trangars for anchors shonld be sound minj rope, and each part of
the net well tested before being launched. The sketches and drawings of
the barrier work, &c., will show the method of interlacing and bracing
the brushwood, and its cost varies from Rs. 10 to 15 per 1,000 lineal feet.

The cost of a single floating hreakwater 1,000 feet long, composed
entirely of jungle, including weighting the same, auxiliary ropes and
supports, complete, should never in any part of the Punjab cxceed the
following estimate:—

R8. A. P,
1 main cable, 1,000 feet long, .. . . . 50 0 0
10 anxiliary ropes, 100 feet cach, . . 3 0 0
40 support, or hranch ropes, 50 feet Pa('h 8 88, .. o 20 0 0
20 anchors, each trangar, . !\s. 1 0
20 maunds stone, .. ,, 3 0 0
20 ropes to cable, ., ,, 2 0 0
Splicing, 0 40
Loading and lmmchmg, w 0 40
Re.6 B 0X20= ., 110 0 0
20 stakes, 20 feet long,.. e . . . 20 0 0
20 ,,  driving and arranging, 2 80
100 stacks of hrushwood, including rmaltv cuttmg carrying,
packing, 20 X. 10 feet, at Re, 1 each, .. . 100 0 O
10 ths. string,. . . . 2 8 0
84 maunds stone for loadmg stacks, . . 50 0 0
Mate or Chaprassi, 8 0 0
Contingencies, 12 0 0
Cost of each 1,000 feet Aoating breakwster—Total, ., 400 0 0
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The works I have been alluding to came well under the following sub-
heads : —

RR, A, P,
Breakwaters, aggregating 20,000 fect lincal feet, in length, .. 4,700 0 0
Barriers, aggregating 18,000 feet, lineal feet, . o 1,560 0 0
Koyalty, . . . . . .. 400 0 O
4,600,000 cubic feet earthwork and hand dredging, at Re. 1 all
round, .. .. . .. . .. 4600 0 O
Additional fascine work, . . .. .. T80 0 0O
Weeds, spurs, &e., &ec., .o .. .. .. 3000 0 O
Total, .o 15040 0 0

But I guite agree with Major Thorold, R.I., when he says in speaking
of such estimates—* Working against such a great and varying force as
the River Indus, and with banks of such a fragile material as loose sand,
it is impossible to estimate cvactly what the cost will be.”  The loeality,
time of the year, and the labor market, greatly influence the expenditure
on such works.

The result of the 1875-76 work at Shah Jamal has been diverting the
River Indus, rending it well over to the other side of onr works, saving
our canals, inundation bands and headworks,—saving two miles of en-
croachment, and reclaiming over six square miles of rich arable land,—
such has been the result, which has saved Government over five lakhs of
rupees.

With Mr. Rayne's permission, I inspeeted the training works of the
River Sutlej at Adamwahan, in company with Mr. Medley, the Engincer
directly in charge of the same, who most kindly showed me everything
worth seeing, and the able reports drawn up by Colonel Peile, and other
Engineers.  These works have been on a very extensive scale, and cost
about Rs. 4,00,000 in three years. Colonel Peile appears to be in favor
of barriers of stonework; the necessity, however, for these is qnestion-
able in a river like the Sutlej, whosoe waters are charged with such a vast
amount of silt and débris as 1o make it the most invaluable ageney if
properly turned to account. It appears also to me that too mnch is
demanded of one, or at the most two advanced spurs, to check the direct
action of the main current. Where spurs or weeds have no supports,
above or below them, and where due regard is not paid to the direction
of the flood current, they are liable to become isulated, and, on the river
rising, to be brokon and detached ; if breaches once occur at the haunches,

VOL. VI.--SECOND BERIES, P
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and proper precautions have not been taken at the flanks, the whole runs
much risk of soon becoming a wreck.

At any rate, I think it will be admitted, that the past season’s expe-
rience on the Indus at Shah Jamdl, shows how much can be effected by
the far less costly agency of tixed barriers, fluating breakwaters, and
‘weeds,” constructed of rough woodwork and gabions, fascines, or mere
bundies of brushwood : and that the cost of these successful protective
works, as above described, will compare favorably with that of works ex-

ecuted elsewhere with a similar object.
G. W. V,
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MONOLITHIC FLAT ROOFS OF CONCRETE.
[ Vide Plates XV, and XVL]

Report by P. Driovx, Bsq., C.E., Lree. Engincer, Cement Lrperi-
ments Division.

Dated the 26th August, 1876.
Tue following report deals with the working capabilities of lime and
cement concretes for use in {loors and flat roofs without any support other
than the walls of buildings.

Flat roofs of conerete for spans of 15 feet have been very successfully
laid in France by Mr. Cuignet; the conerete used was cither puve artifi-
cial stone, or a mixture of materials used in the fabrication of artificial
stone and broken pieces of stone or gravel.  As I was one of the Engi-
neers of Mr. Coignet, and chictly in charge of the then new experiments
tried from 1863 to 18G5, muny such roofings were constructed under my
direct supervision,

The following is an extract from Mr. Coignet's pamphlet, published in
1865, relating to the subject :—

“ Terraced Roofs.”

¢ With regard to terraced roofs, the monolithism and resistance of agglomerated
béton (artificial stone) will give entirely new results and resistance until now un-
known in architecture.

“If small spaces of 12 or 15 feet have to be covered in, it will be sufficient to lay
on the walls a layer of artificial stone of suflicient thickness, say from 10 to 12 inches,
which will form a roof and terrace of great stability. Should largoe spaces have to be
dealt with in the same way, a system of some double girders must be used, crossed
by joists at & distance of three feet from one another. ‘These light girders are fitted in
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the artificial stone like in a tight case of hard stone, and being confined at all parts of
their surface will not deflect, but act rather as tension bars.  Spaces of 70 X 22 feet
have been covered in this manner. A flooring of this kind on the top ol a house,
forms a perfectly impermeable terrace, resisting the inclemencies of frost and heat.
% We have therefore, for the first time, attained the possibility of muking in our
damp and variable climate, roofs and terraces perfectly water-tight,
“Francors COLGNET.”

Mr. Coignet was always of opinion, and practical experience subse-
quently quite proved, that such flat roufs on obtaining sufficient bardness
act as flat slabs, resting on the walls without exerting any outward thrust
on them.

The same remarks may be applied to the arches made in artificial stone
with a low rise varying from one-fifteenth to one-tenth. 1 made some of
20 and 23 feet span, resting like a beam on two solid walls without any
buttresses. )

The following is a certificate for 3,280 square yards of vaults which
were used as stable floors of the barracks fur the Municipal Horse-guards
in Paris.

“Crry Panis,
“ Architectural works of the bth Arrondissement,

Paris, 8th Auqust, 1865,

* The Chief Architect of the barracks and Staff quarters of the city, certifies that
Megssrs. Coignet and Company, Constractors in agglomerated beton (artificial stone),
heve, ander bis direction, executed the following work for the City of Paris : —

# Low roofed arches with arise of one-tenth and 17 feet 6 jnches wpan (vide Plete X V.)
at the city barracks ; these have undergone numerous experiments to try their resis-
tance, and we have had every reason to be pleased with the use of Coignet’s Béton,
in the celerity of execution, as well as for the appearance amd solidity of the work.

“ This work has fully proved that ¢ Coignet’s Béton” could be usefully employed
in public works, and decided us to order monolithic flut roofs, which will bear the
same loads and undergo the same wear as ordinary ones.

“V, CALLIATT,
“ Chief Architeot.”

P.S.—“ At Mr. Coignet’s request, I specify the following cxperiments made to
prove the resistance of the vaults :—

“ 181,—A cube weighing 29 tuns placed as a pyrawid in the middle of a vault
17 fect 6 inches span, (vide Plate XV.)

“2nd,~105 cubic feet of sand (4] tons) on a base of 10 square feet.

“ drd,—And lastly, the passage of loaded waggons and the unloading on these
vaults of stones destined for the building of the walls. All of which
did not cause the least crack or fracture,

“V. CALLIATT."
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This work was made under my personal supervision, and before leaving
France, I had time to superintend the building of a dozen monolithic flat
roofs (mentioned in the ceriificate of Monsr. Calliatt), which proved a
perfect suceess.

These were hollowed in the centre, and aswell as T recollect, their span was
15 or 16 feet, with ornamental moulding, (vide Plate XV1., Fig. 1.) The
question was for a long timc discussed so as to decide whether flat roofs
of this kind were better when made with the same thickness right through,
or when they were hollowed in the centre.  Opinions were divided ; bow-
ever, I agreed with those who were in favor of the latier system, besides
it caused a considerable saving in the quantity of material used.

For flat arches of alarge span we used to put, as shown by Plute XVI.,
Fig 3, about three layers per foot in thickness of small pieces of either
gquare or round iron wire onc-twelfth to onc-cight in diameter, not ex-
ceeding two feet in length.

These pieces of iron were found quite sufficient to prevent any accident
in case of slight cracks on the roof, arising either from accidental causes
or bad workmanship; and in fact if such an arch cracked (even through-
out), it would bear considerable weight before giving way.

It may be added that iron is free from rust when buried in artificial
stone, and 1 can show specimens made 10 years ago which have been under
water a long time, and which when broken show the iron in its original state.

Some experiments were also made by me in India in both small and
large vaults in artificial stone on Coignet's system, when I was Chief En-
gineer of the Patent Stone Cowmpany. and one parlicularly was made at
the request of Government ; but owing to my absence then from Caleutta,
the experiment was conducted by Mr. Downes, according 1o instructions
left by me, and the result of it will be seen from the certificate below :—

“ Ioeperiments with artificial stone, Coignet’s system, in vaulted floors.

« With the view of testing the applicability of this arlificial stone in the constrac-
tion of vaulted floors proposed to he used in flooring of the upper stories of the new
Warchouses in the Naval Store-keeper's Department, Government Dock-yard, Kid-
derpore, and the advisability of its geveral introduction in public works, the associa-
tion were invited to construct a series of vaulted floors on wrought-iron girders,

« The girders used were 85 inches in depth, with a clear space of 11 feet 2 inches,
the vault was six inches thick at the crown, with a rise of 5 inches, and the vault tested
was 4} fectspan, (vide Plate X VL, Fig. 2) ; the whole serics being constructed of a
single bluck of artificial stone, prosenting u uniform level swiface at top for the floor
of the upper story.
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“ A load of 22'78 tons was placed over the vault, covering a surface of 44G1 square
feet, giving a distributed load of 0+41 tons on the square foot,

“ Although the vaulted flooring which was constructed on the 9th June, had re-
mained exposed to the alternating influence of sun and rain for nearly a period of
three months, it was entirely free from fissure, and was perfeetly water-tight.

“The load was applied on the 21st August, and the experimental vaults were inspect-
ed on the 28th by Captain W, R. Tncker, R.E., Executive Engincer, Presidency
Division, and Mr. Vernon, Assistant Xngineer, and on their report we, the under-
signed, certify that the experiment which was conducted throughout by Mr. Downes,
Engineer to the Association, was satisfactory in every respect.

“W. 8. TREVOR, MAJOR, R.E,,

“ Supdq. Enginecr, Presidenry Circle.

“W. R Tregker, CApraIN, R.E,
« Lzee. Engineer, Presudency Division,”

Nore.

I may state that the contract for the vaults of the new warchouscs was
not given to the Patent Stone Company, on account of the estimate bheing
found a little too high. This could have been easily avoided by putting
the girders 12 feet apart instead of 4 foct 6 inches, I feel certain that it
would have been quite as strong, and thus the total cost of the roof would
have been somewhat less by using artificial stone instead of brick arches
of 4 feet 6 iuches span.

I such floors or vaults are to be made in Indis, 1 would strongly sug-
gest the use of either artificial stone on Coiguet’s system, or what I may
call a mixture of artificial stone and counerete, which will be almost as
good and costless.

In the first case, when good hydraulic lime is obtained, I recommend a
mixture of—

4 to b parts of sand,
1} ,, hydraulic lime and
i Portland cement,

PRl
But if the cement is not quite fresh, three-fourth parts should be used

instead of hall.

The line must be very fine, free from all impurities, and sheuld be
passed through a sieve of at least 20 meshes to the lineal inch.

Fat lime always gives poor resulis, so does sirki; conrse and sharp
sand is the best, aud must therefore be used instead of svrki.
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If a mixture of artificial stone and concrete is used, it should be done
in the following manner :(—

Put first a layer of the (artificial stone) mixture, ram it well, scratch
the surface, pour broken pieces of stoues over it, s0 as not to stick to-
gether (these stones must be first soaked in water, in which it will be as
well to add some cement), and lastly spread over (so as to cover entirely)
some mixture of artificial svone and ram it well.  This process is to be
carried on alternately, the top layer being laid with only artificial stone.

The proportion should be from one or one-half parts of broken stone,
to one of artificial stone mixture.

The preparation of this mixture is made in a special pug-mill, and I
consider it unadvisable to use any other process.

Suach mill may be worked either by hand, by bullock, or by steam.

I feel quite surc that roofs of the descriptions above noticed, will be
reckoned of great importance in India, particularly as vast savings would
accrue from dispensing with supporting beams of wood and iron in build-
ings ; and indeed I have for the last 10 years been trying to introduce
them in the Public Works Department; but it must be urged that such
works cannot be brought to satisfactory results, unless they are placed
under careful supervision, and constructed with only first class materials,

I anuex, for readier reference, a copy of a letler from the Executive
Engineer, Cossye Division, reporting on the quality of the artificial stons
made under my directions in Hidgellee, 7 or 8 years ago, of which, while
portions were in blocks of sizes, others were monolithic, and which bave
been ever since exposed to the action of salt water.

Dated Midnapore, S0th Juue, 1876,

“At the time of fixing the portevalets to Turapakea and lramuagra locks, I failed to
bring distinctly to notice the very supevior quality of the artificial stone used for
coping and quoins in the above locks, In cutting out the recesses for the portevalets,
it was necessary in both the locks to cut through the coping and in the Tarapakea
lock also through a considerable portion of the quoin stones, so hard was the stone, that
it had to bo bewed out with pointed cold chisels like granite, aud having to do this
caused very considerable delay in the execation of the work. .

“The brickwork in thesc locks was also of a very superior quality.”

In conclusion, I need add that over threc lakbs cubic feet of artificial

stone have already been manufactured in India for various works.
P. D.
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RISE AND FALL OF RIVER GANGES DURING 1875,

Tue FoLLowiNG 18 AN AnsTRAcT Rutuny or Tne Rise axp Faun op
Tk River Gaxers punixa 1875.

N.B.—Zero of gauge at Benares @s 19680 abore mean sea level, G. T. 8.
datum at Mirzapur is 2Y0°H0 above mean sea level.
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* No mensurements taken on 3rd, 4th and 5th August, on secount of inundation of the river,

E. D.
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A DESIGN FOR THE NEW CANNING COLLEGE,
LUCKNOW.

[Vide Plates XVIL, XVIII. and XIX.}

By Carr. 8. 8. Jacos, dssoc. Inst. C.E., Exec. Engincer, Jeypore
State.

Report.—As desired, this building has been designed to be in general
keeping with the architectural features of the Kaiser Bagh buildings.

The total length of front is 412 feet, and the height to top of the dome,
not including finial, is 110 feet, and the total depth 278 feet.

The accommodation provided is as follows :—

Examination Hall, . 100" % 68
Eight class rooms, each, . 38 x 28
European Professor's Room, ... .. 98} x 26f
Principal’s, . ...average 50’ x 22'

Native Professors, ... 38} x 26§
Four Bath rooms, each, . 14 x 12
Office, ... s . 38 X 26
Library,... .. . . .. .. 684" x 80§
Graduates’ Room, e 38 x 26
Entrance Hall ,... . 68" % 380
Lobby, under Dome, ... . .. 388 x 38
A reference to the ground plan of the bmldmg is necessary, in order
to follow the general description beginning at the top of the plan.
Principal’s Room.—Average length 50 feet, width 22 feet, height 24
feet. Beyond the Examination Hall to which it has immediate access.
It is easily communicated with from other parts of the building by means
of the covered passages or verandahs on each side of the Examination
VOL, V1,~~BRECOND SERIES, Q
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Hall each 12 feet wide. It is removed from the noise of the class rooms,
and is open to the breeze on three sides. In front from ite windows can
be seen the old tomb of Saadut Khan, Close to it in the verandah on
either side are two retiring or record rooms, each 12 feet square, placed
80 as not to intercept the breeze.

The Examination Hall—Length 100 feot, width 68 feet, height 35 feet.
This is designed with a flat roof, us not only in kecping with the style of
architecture, but it affords an open terrace above it for the Library which
is on tho first floor.

The pillars supporting the roof would be either cast-iron on stone bases,
or of stone or of brick plastered with fine chunam and marble polished.
Iron girders wounld carry the roof in the usual way.

Light and ventilation is provided by doors at the side, and by upper
windows placed under the projecting eaves, as well as by grated openings
near the ground in the side verandahs; these could be closed at pleasure,
but afford the means of a current of fresh air, while all glare is carefully
excladed.

The Examiners would have easy access to the Principal’s Room, which
has been purposely made of a large size to meet any occasion of this sort
or meetings of Committee, &e. The Students would oceupy the body of
the hall in front of the exawiners, the spaces between the pillars and the
walls serving as passages.

Entrance Iall.—Length 68 feet, width 30 feet, height 35 feet, Leav-
ing the Examination Hall one passes into a covered space 68 feet X 30 feet,
designed as an Entrance Hall, to afford protection at all seasons from the
sun and weather to the numbers who might frequent the Examination
Hell, or be obliged to wait near it. It has the advantage also of serving
as an extra Lecture Hall should occasion require.

Passages lead off from this place to the bath rooms, which are situated,
80 as not to intercept the breeze, and are out of the way of observation.

Two staircases each 6 feet wide lead from this hall, one on either side
of the large arch, to the

Library,
European Professor’s Room,
Native Professors’ ”

these rooms will be noticed hereafter,
From this hall easy communication can be had with any part of the
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building, and it has been designed with the object of convenience, venti-
lation, and extra space.

In the upper portion of the end walls woulds be a series of narrow
windows to admit light and afford a fresh current of air, and as the hell
is open at the four corners in addition; it is believed, that it would prove a
cool and pleasant place protected entirely from the sun and weather.

Lobby.—38 feet X 38 feet. Passing from the Entrance Hall to the
Tobby, one stands immediately under the dome, on one side is the under-
gradnate’s roum, on the other is the office. The space is 38 feet X 38 feet,
looking up, at a height of 19 feet, one sees small ornamental projecting
baleonies in the two professor's rooms which are situated over the office
and gradaates’ rooms ; there is also a clear view up to the top of the dome,
the lights in the lantern of which, are so arranged as to exclude as much as
possible the direct rays of the sun, while allowiug a free current of air,

It is convenient to have a space of this sort as a Lobby opposite the
main entrance and in front of the office. It acts also as a good ventilat-
ing shaft up to the dome,

In front of the Lobby and rooms adjacent is a spacious verandah, and
beyond this is an open terrace up to which carriages can drive, and
which serves as & good reception place.

Office.—Length 38 feet, width 26 feet, height 17 feet. Is situated on
one side of the Lobby, it is near the centre of the building, and is con-
veniently placed for the transaction of business or for reference.

Graduates’ Boom.—Length 33 feet, width 26 feet, height 17 feet. Is
situated on one side of the Lobby opposite to the office, and is conveniently
placed for access, while the graduates at the same time are not altogether
removed from supervision, should it be necessary.

Class Rooms.—Iu number 8 ; each, length 33 feet, width 26 feet, height
25 feet. The eight class rooms have been arranged four on either side of
the main entrance. This arrangewent keeps certain classes distinet, and it
prevents overcrowding at times of ingress and egress. While each room
has a thorough draft; a point so essential in this country.

The two centre rooms of each range are made 3 feet higher than the
side rooms, as it adds to the general appearance, and makes a better pro-
portion in the height, if the two rooms are ever made into one. As it
might be necessary to do this for lectures or other purposes, sliding
doors are provided in the partition wall which separates then.
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The rooms are provided with 12 feet verandahs in front and in rear, not
only to keep them cooler, bat these as well as the covered spaces at the end
of each range, afford shelter from the weather and places where the stu-
dents, if necessary, can leave their shoes. The end porches will shelter
carriages.

It is desirable in this conntry to have plenty of light without admitting
glare or the sun’s direct rays. It will be observed that the upper win-
dows in these class rooms arc so arranged and protected, and in such a
way as to add to the general appearance.

Each class room is 8o arranged that the students of any room can en-
ter or leave it without having to pass through other rooms.

European Professors’ Room.—Length 83} feet, width 264 feet, height
20 feet. Ascending the staircase in the Entrance Hall, one reaches at
18 feet a landing, by which one passes to the Professors’ Rooms, the Euro-
pean Professors’ Room on one side of the dome, and the Native Professors’
Room on the other side. They are similar in all respects, and are sitnated
thus to be away from the students’ class rooms, and adjacent to the
Library. Each room has a spacious verandah in front on the south or
sunny side, The passage at the head of the stairs also leads to separate
Bath rooms, situated over the bath rooms on the ground floor, and provided
with a small circular staircase.

An opening with projecting balecony admits light and air from the dome.

Native Professors’ Room.—Length 38} feet, width 26§ feet, height
20 feet. Is similar in all respects to the room provided for the European
Professors, and the samo remarks apply.

Again ascending the staircases, which are 6 feet wide, with a rise of
6 inches for each step, one reaches the Library.

Library—Length 68} feet, width 304 feet, height 24 feet. It s situ-
ated over the entrance hall, and will be a quiet place of retreat above the
noise of the students below. Part of the day it will be in the shade of
the dome,

There will be a verandah on the other three sides which are open to the
light and breeze, and in front one can walk on the terrace which forms
the roof of the Examination Hall.

The incide will be fitted with the usual cases for books, and in one of
the corners it is proposed to have a lift, so that books may be sent up or
down without trouble.
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mortar joints not to be above §-inch thick, and the seams to be left open
on the face. No dry or hollow spaces to be allowed, but the interior is to
be well grouted and filled in solid. All walls are to be carried up regularly.
All arches to be formed on properly framed centres, the joints not to bhe
mote than }-inch thick. Relieving arches to be tarned over all flat
openings. The mortar to consist of the best ghooting lime, and of well
burnt finely pounded and sifted brick dust, as may be directed by, and to
the satisfaction of the Engineer in charge. If coloured bricks can be had,
it would add to the appearance in some paris.

Plaster—To be composed of stone lime if procurable and clean sand,
or well burnt finely pounded brick dust as may be directed, with a little
water lime. It is to be laid on the walls about 4-inch thick, and is to be
properly smoothed and rabbed—the wall to be well cleaned, the joints being
picked out, and the surface being wetted before the plaster is used.

Whitewash.—To be composed of stone lime, water lime, and shell lime,
in the proportions which may be directed.

Marble plaster polished.—The outer surface of the domes and walls
all round the inside of rooms should be polished for about 3 feet in height ;
when properly executed, it presents a surface like pure white marble, and
in the case of rooms adds much to the general cleanliness and appearance.

The method pursued in carrying this out will be furnished hereafter if
pecessary; at present, it is unnecessary to describe a long process, Where
marble is easily procurable, it costs abont R, 5 per 100 sq. feet extra.

Roof.—To be terraced, the under layer of tiles to be laid in parallel
rows, the upper layer to be laid diagonally with one inch of fine mortar
betwoen the layers, the concrete Lo be of the following proportions—

2 parts best stone lime,

1 part fresh burnt brick dust,

3 parts of the hardest and best burnt bricks broken to size of a
walnut, not larger.

The lime and brick dust to be made into a strong mortar, and well tem-
pered with the usual qnantity of water, before the broken bricks are added
1o it. The latter to be well wetted before being used, the whole to be
thoroughly mixed and levelled before being beaten. A grouting of lime
to be then laid on and allowed to soak well in,

The girders may be of iron or wood, with joists of wood or T-iron, cal-
culated to bear 120 tbs. per superficial foot as the weight of roof.
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Woodwork.—To be of sound well seasoned timber, free from all sap,
knots, cracks or defects, of such scantling as may be required, and to be
properly dressed, fitted and fixed.

Doors and windows lo be provided with English made fittings.

Stone floor.—The stones are to be of uniform size dnd shape, evenly
dressed at the edges, and set with close joints on a bed of 14-inch mortar,
the surface being properly smoothed and rubbed with coarse sand.

Marble floor.~In the Lobby, the cireular portion of floor under the dome,
to be of black and white marble alternating, and radiating from the centre
stone, which will be of white marble.

Cutstone work.—All steps, string courses, brackets, sunshades, pillars
in verandah, and similar positions ; balustiades, chujjahs or eaves, copings,
wall plates, bed stones, to be of Chunar or other suitable stone, to contrast
with the general colour of the brickwork if possible.

Abstract Estimate.

o ft. RE,
94,769 Excavation, at Ra 3 per 1,000, . . . 284
43,081 Stone and brick concrete, at Rs. 12 per 100, .. 8,070

85,337 Foundation of brick and lime mortar, at Rs, 20-8
per 100, . . .. . .e - 7.244
38,203 Plinth of brick and lime mortar, at Rs. 20-8 per 100, 7,832
2,56,366 Brick in lime mortar, 1st floor, at Ks. 22-8 per 100, 57,682

11,248 » above 24 feet, at Bs. 25-8 per 100, 2,568
43,336 Att,h masonry, at Rs. 25 per 100, .. . o 10,834
r. ft.

8,388 Cornice up to 12" projecting, at Rs. 0-12-0 per foot, 6,253
2,650 Balustrade with baked earthenware, of lime masonry,
f basc and cap 4 feet high, at Rs, 1-8 per foot, .. 3,975
8.
2,04,811 Sarki plaster beaten, at Rs. 3 per 100, o e 6,144
1,564,119 White-washing, 2 coats, at Rs, 0-4-0 per 100, . 385
4,284 Roofing Examination Jlall, at Rs. 90 per 100, .. 3,856
57,786 v » at Rs. 20 per 100, e 11,507
46,806 Flooring of Chunar stone slabs in mortar, 18” X 2°,
over two bricks flat, at Rs. 20 per 100, .. o 9,361
1.4:4 Marble flooring slabs, at Re, 1 per foot, .. .. 1444
c, ft.
2,152 Burdwan stone wall plate, at Rs. & per foot, e 6,456
8;-0 » bed stone, at Rs. 3 per foot, . e 2,520
8. ft.
6,377 Doors § pannclled and § glased, at Rs. 1-12 per foot, 11,160
408 Trellis work, at Re. 1 per foot, e ee e 408

Carried over, .. 1,65,483
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No.

Brought forward,

9 Finials, at Rs. 20 each, . . .
r. ft.

316 String course, at Re. 1 per foot, .o .
125, »  ornamental, at Rs. 5 per foot,

8. ft.
10,153 Marble plaster, polished, at Rs. 5 per 100, ..
No.

86 Sunshades, at Rs. 20 each, .. .e .o
790 Bracket sizes, at Rs. 10 each, .e .o
166 Cut-stone pillars, at Rs. 128 each, .. .o

c. ft.
8,309 » steps, at Rs. 8 per foot, .. .
s, ft.

18,776 » chujja, at Re. 1 per foot, .. .o

Total, ae
Contingoncies, at Rs. b per cent., ..

Grand Total Rs,

LUCRKNOW.

R,
.o 1,35,433
. 180
.. 816
.o 625
. 508
. 720
e 7,900

. 21,248
. 9,927

ee 13,776

.. 2,10,633
.. 10,582

. 2,21,165

8. 8. Jd.
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CALCULATIONS OF STRENGTH OF TRUSSES FOR RE-
ROOFING MONTGOMERY HALL.
[ Vide Plates XX, and XX1.]

By Rat Kunaya Lav Banaour, dssoe. Inst. C.E., Ezxec. Engineer,
Lakore.
Calculations of Strength of Trusses for re-roofing Montgomery Hall.

Span of truss 46 feet. Riso 8% feet.
Average interval of trusses from centre to centre 5 feet.
Vertical Load, consisting of the weights of
roof covering (corrugated iron, No. 18
B. W. G.,) truss frames, and ceiling, ..
Normal Load, consisting of wind pressure,
acting normal to the roof surface, on one

40 bs. per. sq. ft,

gide of the roof at a time .e .e 30 ,,
Total Vertical Load = W = 40 X 5 X
241 x 2, . e . . 9,800 ,,
Total Normal Load = W' = 30 x 5 X
244§, .o .e .e . .. = 8,675 ,,
Reaction at the wall due to Normal Load ==
= 2,635 ,,

R=W(1~— }sec?20° ,, .o
1st. Compressive Strain on Rafter.
VOL. VI.=—$ECOND SERIES,
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The lowest segment AE or HB, 84 feet in length, is under the great-
ost strain, and since it is practically expedient to keep the raftor of uni-
form section throughout, therefore, calculating the strain on AE or HB,

we have,
Strain due to Vertical Load = ;2 W cosee 20°, = 11,938:75lbs.
, Nommal ,, =(R'—T)cot20°%,= 555655,

Total strain, compressive, ., = 17, 49536 »

”

. ) . 17495 one end fized
., Area (by Gordon’s Formula) = i) {1 + ‘“9' ( ) } and ona end
10 Jree.
a5 )
(¢ being equal to 0 for wood) _1-,‘)3:6 -{ TR (l(o }
17495 _ 19
=G X5 = 63 square inches

= 8" x 8, very ncarly.
But, allowing for mortise holes, &e., the scantling should bo 10” % 8.”
2nd. Tensile Strain on the beam AD.

.
Strain due to Vertical Load = i Weot 20° .. = 11,223 s,
” , Normal ,, = (h - ) cosec 20°, = 5,913
= Total strain, tcnmle, e = 11 136 ’
17136 .
s Area = = = 2448 square inches.

700
Making an allowanee for the area cut by mortises, scarfs, &ec., and the

weight of ceiling to be borne divectly by the tic-beam, it is proposed to
make it 14” X 87. Nect area at scarf is equal to!_;' X 8 = 37 synare
inches, which i ample, the area required being only 24-48 square inches,
ag per above calculations.

Some extra strength will, also, be imparted by the struts for fising enrved
ribs, shown in section of truss, which will prevent the tic-beam from
sagging in any way.

8rd. Tensile Strain on King-post CD,

Strain due to Vertical Load = —‘g, . o = 8,266 s
. w
” » Normal ,, = - sce 207, o = 1304 ,,
Total strain, tensile, o = 4,570
.
o Area = 510 _ ¢33 square inches nearly.

700



TRUSS FOR RE-ROOFING MONTGOMERY HALL.
Scale—T4 feet = 1 inch.

PLATE







PLATE 2

TRUSS FOR RE-ROOFING MONTGOMERY HALL.

FRAME-DIACRAM OF TRUSS

Boale-—10 feet = § such,
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CAICULATION OF ToTatL

WORKING NTRESSKS

STRESS IN LOUNDY : "
Baks Botomncs | ene [ ur | D so Winke | e Sermr e |
1!:0:&" ! Groatest | laast pounds Stress.

Fool Segment, .| HBor AR T or T;* 12,020 | 5,360 2,800 { 17 880 Fhrast
{uiadlz " | BGor EF [ T or Ty 9,630 | 3,850 | 2m00| 18,570 -
Top . o .| GLOrFC | Tior T, 7200 |- 2,800 | 2570 200w »

Quter Segment, ., | MBor AL | H Jor H\ | 13,920 5,690 | 2300 | 17,010 Tension
Middte . | MDor LD | ¥, or 9,40 | 3,980 w | 18,020 '

Struts, .. .. . |MHoOrEL } 8iorf’ | 32420 | 1,880 . | 4280 | Thrast
Struck, o . o] DGOrFD | 8 or 8¢ 2,830 | 2,130 4,960 v
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But ag, the King-post has, also, to bear the weight of the tie-beam, &e.,
it is proposed to make it 10" x 8”.
4th. Tensile Strain on Queen-post FL or GM.
Strain due to Vertical Load = _IV% . . oo = 8161bs,
Wl

» » Normal , = = sec 20°, .. e = 652 ,,
Total strain, s = 1,468 ,,
. Area 17%%3 = 2 square inches.

Owing to practical reasous, it is proposed to make it 8”7 x 8,” which
will suffice.

5th. Queen-post EIX.

Same as FL, or 87 x 8”.

6th. Strut D or GD. Length 8 feet (upper strut).

Compressive Strain,

Due to Vertical Load = i3 W Wi X czz)_t'fgt)?, .o = 2,768 ths.

’
5y  Normal , = ‘%’- A/ L5ec?20° + cosec?20°, = 2,211 ,
Total strain, ce ee = 4979 ’
& Area (by.Gordon’s Formula) = '!"J {1 + = ,,)” (%)?}(both

ends free) == 43-29 square inches ; shuuld bc X 7"
7th.—Strut EL.  Length 7 {feet.
Compressive Strain,

Due to Vertical Load = :—‘: cosee 20°, .. e .o = 2,338 tbs.

» Normal ,, = }-‘Z- cosec 40°,.. e we =194
Total, .. = 4,302 ,,
o Area (by Gordon’s Formula) = 1-~~.~ { 1+ ‘,,0 ( ) }(b"th

ends free) = 30-86 square inches; should be 6 x 6”.
8th. Turlins, span = 5 feet,
Interval from centre to centre = 3 feet.
Weight at 70 Is. per superficial ft. at centre = wg—&{ 420 1bs.
62 X 4 X 300
_2]<_0.>.(>£5__,.. oo = 864,
The scantling 6" x 47 will, thorefore, suffice for the purlins. There-
fore, the dimensions of the several picces stand as follows :—

Strength of a pieco 67 x 4" =
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Principal rafter, .. .o
Tie-beam, .. . .e
King-post (in the middle), ..
Queen post (FL) 5 e

7 ” (EK)’ oo .o

Strat (FD), ‘e .-

» (EL), .. .
Purlins, .e .e .o
Common rafters, .. .
Ridge pole, . ..
‘Wall plates, .o .
Pole ,, .. .o .

Purlin blocks, .e ..

o

e

LX)

LX

.o

s

s

e

e

LX)

10
14"
10"
8”
8.
7"
6"
6'
3’/

7”

8.
61’
127

X 8°
x 8"

x 8”

x 4"
x 47

x 6”
x 4"

K. L.
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MADRAS PATTERN OF VENETIAN BAR.
[ Vide Plates XXIL and XXIIIL]

Description of the new ¢ Madras® Pattern of Fenetian Bar, designed
4y Rosr. J. BarLprey, Esq.

Madras, 26th August, 1876.
Tar drawings in the Dlates represent a pattern for & Venctian Bar de-
signed sometime ago by me, and which has been favorably reported on by
District Engineers in the Madras Presidency.

The merits of the design are considered as follows :—

Simplicity of construction. '

Cheapness.

Durability.

Economy in the scantling of door and window frames when glazed and venetian
shutters are togother used.

The dispensing with the bar from the middle of the venetians,

The easy deiachment of the bar from the venetians, as they are held together
by screws only.

The bar lying close to, and being on the same planc as that of the
framework of the door, a straiyht iron fastening-cross-bar can be used,
obviating the necessity of bending or providing &, \J
returns as in the case where the ordinary venctian bar is used, to admit
of its being included in the fastening.

Besides, the screws and flat iron being English made, they are of s
better finish and are also easily obtained in any market, whereas the
hinged double staple used in the ordinary bar is made in the country,
and at times so imperfectly manufactured, as to be easily injured in use,
and when so, it is with difficulty extracted, invariably injuring the venetian,
a8 it is drivenin with a hammer.
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Brass bars have been used in the Railway Central Station at Madras
with advantage. 1 bave used both brass and iron in the construction of
the bar, and after many years have not had occasion to repair the venctians :

they work remarkably smooth and noiselessly.
R. J. B.

The following extracts bear testimony to the advantages of this
systemn over that hitherto in use.

Fxtract from an official letter by « District Engineer,

“T have the honor to report (for the information of the Sceretary to Government,
P. W. Department) that the Venctian bur designed by Mr, Baldrey was fixed to
some new yenetian windowe put in the Church at Palamcottah, I find that the bar
answers very well; the adoption of this bar enabled me to fix the venetian windows
to the old trames, (originally made enly for glazed windows,) which wounld have heen
impossible had the bar been of the ordinary pattern, except by the addition of extra
battens to the gides of the frames.”

Exztract from Circular by the Seeretary to Government, P. W, D., Madras.

« The superiority of Mr. Baldrey's design over that of the Bengal pattern, now in
use, appears to be its simplicity of construction, cheapness und durability. The
dispensing with the bar from the middle of the venctian is a decided improvement,
but. the principal advantage of the design is a consideralile saving of timber in the
framework, for when glazed and venctiun shutters are used togetber, the depth of
the door and window frames is reduced by more than three inches.

“Mr, Baldrey has for some time used the new pattern bar, and has found it to work
remarkably well, the motion of the venetiaus being casy and noiscless, and in every

-

other respects satisfactory.

C.A. 0.
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KANKAR LIMES AND CEMENTS, BARI DOAB CANAL.

EBrtracts from Reparts and Letlers on Kankar Limes and Cements on
the Bari Doah Camal. By A. Nieiry, Bsq., dssist. Engineer, T.
Hicuay, Bsq., Free. Engineer, and Coun. H. A. Browsvtow, R.E,,
Supdyg. Lngineer, 1870-75.

I. Rervorrs A, B, C, D, E, F, oy A. Nirwiy, Esq., Asst. ENGINEER.
Report A, dated 5th October, 1870,

Tur following report relates to the experiments made by me on conerete

blocks, on the results of these experiments, and on the preparations made

for manufncturing four cubic feet stones, intended for the new falls and
floorings which are to be part of the remodelling of the Biiri Dodh Canal.

Being acenstomed to mannfacture stone chiefly with sand, my first
care on arriving in the Punjab was to study that important ingredient ;
but I found at Tmballa along the line of the Railway from T'mballa to

Lahore, at Amritsar, and along the Diri Dodb Canal, that sand was so

fine, 8o completely deprived of sharpness, and so fall of mica, that I had

to condemn it as unfit for the manufacture of stone. I studied also as
many samples as I could procure of limes produced by lime stones; but

I could not discover in them thoso eminently hydraulic and cementing

qualities necessary for the mannfacture of concrete blocks. It was daring

these disconraging studies that I was ordered to leave Umballa and
to report myself at Amritsar to Captain Palmer. Exce. Engineer, Bdri

Dosb Canal. I mustmention here that during my short stay at Umballa,

I had occasion to examine some fair specimens of concrete* made up by

Captain T. C. Manderson, R.E., Exec. Engineer, Lower Sirhind Divi-

sion, but their composition remained a secret from we. During my visit

* Artificial stonc.
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to Captain Palmer at Amritsar, his brother, Mr. E. C. Palmer, Exec.
Engineer, had the kindness to draw my attention to his experiments on
kankar blocks, and to allow me to visit the excellent specimens he had
manufactured. This visit, and the bad opinion of sand which Mr. Palmer
had, an opinion which corroborated mine, convinced me that kankar, with
which the Punjab bas been so abundantly provided, was, in these parts of
the world, the real base of concrete blocks ; and that after the experiments
already made by Mr. E. C. Palmer, the only task which remained to be
done by me was to improve the manufacture, and to try to explain the
action of the burnt kankar.

Having then been appointed to the Special Works of the Bari Dodb
Canal, and having been sent to Kallair and Madhopur to see what I
could do for the manufacture of concrete blocks; I started from Amritsar
on the evening of the 3rd of May, and on the 7th of the same month I
wrote the following report : —

Report No, 1, dated 7th May, 1870.—1I have visited at Kallair the
works where the concrete blocks are manufactured, and after carefully
studying the ingredients employed, and the details of the manufacture, I
wrote the following report, which 1 hope will throw some light upon the
usefulness of kankar and the réle it is called to play among the principal
ingredients with which mortar, concrete and béton are made.

I shall divide this report into two subjects,—the first shall treat of the
materials with which Lkankar stone is made ; the second shall treat of the
manufacture.

Materials.—The first enquiries I made were about the nature of in-
gredients used at Kallair, and the quantities employed. I remarked that
what was pointed out to me as kankar lime was kankar burnt in a rude
way, then broken to a rough powder, and afterwards mixed with broken
raw kankar and water in the way generally used by natives, that is to eay,
with & great deal more water than necessary. The quantities employed
were, I was told, one of the powder of burnt kankar to two of broken
kankar, but nobody would show me in what the quantities were measured.

There exists in France a sort of patural formation named psaminite,
which, being composed of grains of quartz, schist, felspar and mies,
mechanically agglomerated by a clayey and ferruginous cement, bears, I
believe, & great resemblance to kankar. This psammite, half-burnt in &
lime-kiln with a frec access of air, produces one of the most energetic
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artificial puzzolanas, and is used for hydraulic works in places where water
does not contsin any salt. Being, therefore, under the impression that
psammite and kankar were likely to have the same properties, I tested
with muriatic acid the so-called kankar lime, and I found that, like artifi~
cial puzzolans, it effervesced strongly, instead of being insensible to the
action of the ecid, as it should have been had it been real lime.

I concluded from this experiment and from the qualities which kankar
is well known to possess, that this mineral half-burnt is an energetic puz-
zolana, and that it was sufficient to mix with it from § to § of good fat
lime to obtain a good hydraulic mortar.

The proportions for stone will probably be—

} cubic foot fat lime,

3 y  half-burnt kankar, }:: one cubie foot stone.

1 »  broken raw kankar,
As some kankars contain much lime, the above proportions shounld vary
accordingly.

Manufacture——The manufacturing of the stone at Kallair is what may
be called the infancy of the art of stone-making. The half-burnt kankar
and the raw kankar were broken in the most wasteful and rude way; the
mixture with water was made nnder the direct action of the sun's rays;
the moulds, made too light, were out of shape; the rammers were so light,
the mixture so wet, that after half an hour or more ramming the last layer
was far from having obtained the hardness required. Each man made
about 2rds of a cubic {oot per day, whereas he should make at least from
6 to 8 cubic feet (22 was the number of cubic feet made in eight hours by
each convict at Algiers). No layer was raked so as to be joined to the
next layer, and the stone commenced, instead of being completed in the
same day as it ought to be, took three days to manufacture. As aneces-
sary consequence of this rude manufacturing, the stone produced is very
deficient in shape, and is scarcely fit for foundation work.

However, all these defects may be easily cured with proper moulds and
rammers, snd properly instructed supervisors. The greatest difficulty to
contend against will be the careless way with which the coolies work, the
sitting posture they have been allowed to adopt, and which must be changed
for an upright posture, and the lightness of the rammers which must be

- changoed for much heavier ones. The best way to prevent carelessness

will be, I think, to write upon each stone the name of the coolie who made
VOL. VI,==BECOND SERIES, ]
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it, and to iuflict on him some pecuniary punishment if the stone turns out
to be bad.

Ag for the improvements to introduce in the tools and rhanufacture, I
would suggest to get the half-burnt kankar reduced to powder with a road
hand-rammer striking on an iron plate one inch thick, one and & half foot
square, sunk a little in the ground. The powder so crushed would be sifted
through such a sieve as may be procurable at the Madhopur Workshops.

A gimilar arrangement wonld do for breaking the raw kankar, The
lime and kankar puzzolana should be mixed as intimately as can be done

‘with & shovel, then moistened until they form a thick mortar, and last
thoroughly worked with the raw kankar from which the earthy matters
should have been washed as well as possible. The whole of the above
work, except the washing, should be carried out under shelter if practicable.

I will not enter into the minute defails of the remainder of the manu-
facture, as it would be to repeat to a great extent the recommendations
which are to be found in my pamphlet on stone-making (Coignet’s system).
I will only say that I hope to bo able before long to prove by experiments
the vast usefulness of kankar in the erection of hydraulic works.

A few months after the above report was drawn up, I received a printed
document written by J. E. Tanner, Esq., C.E,, and addressed to the
Supdg. Eungincer, Sirhind Canal. In this report I was happy to find
that long before me that Engineer had stated that the composition of
the burnt kankar brought it under the head of puzzolana. As, how-
ever, Mr. Tanner does not give us & comploete analysis of kankar, and as
I think it is important that the composition of kankar in its raw and
burnt state should be known, I join to this report a letter in which T beg .
to be allowed to send samples of various kinds of kankar and kankar lime
to the nearest Government chemist, so as the question of composition
may be set at rest. The knowledge of the composition of our kankar
lime will enable me to fix with certainty the quantity of stone lime
necessary to be mixed with it to render it emineuntly hydraulic.

As regards the manufacture, I have had occasion to remark that the
means I recommend for bresking the raw kankar and pounding the kan-
kar lime were not satisfactory, I belicve, now, that the best mode in the
absence of machinery will be to do like our sirki pounding, that is, to
give out that part of the manufacture fo petty contractors.



KANKAR LIMES AND CEMENTS, BART DOAR CANAL. 131

Having returned from Kallair to Mddhopur, and compiled the report
No. 1, Iordered at the Workshops the tools and moulds necessary to make
experimental concrete blocks.  On about the 17th May, these.things were
delivered to me, and I set to work immediately. :

The lime I could get at Madhopur was poor in my opinion. However,
I made two samples of blocks ; tho first of these is useless, the proportion
of mortar being too small ; the second is as good as any good masonry, but
would not, I think, have set rapidly under water. 1 might have made it
much stronger by doing like in Madras, that is, mixing some geir to the
water used for the mortar, or I might have rendered it hydraulic by mixing
kankar lime to the stone lime, but I would not use any ingredient which
wag not readily procurable at Midhopur, These two blocks being made
up, I started for Kallair, where I made the first instalment of 17 stones
2" x 1' x 1’, as shown in the following statement., I wrote at the same
time the report No. 2, which follows.

Report No. 2, dated 1st June, 1870.—1I cnclose a statement show-
ing the number of experimental stones made by me from the 17th May to
the 30th. 1t will be seen from a pernsal of the above statement, that I
have succeeded in making two men ram five cobic feet of stone each per
day. As, however, I think that unless the men were subjocted to a very
strict supervision like conviets, it would not be possible to obtain the
above amount of work cvery day; it will be better, therefore, to count
npon four cubic feet only. I have not been able to ascertain yet the real
rates of kankar at Nallair; but if it costs what 1 was told, viz., Rs. 9 per
100 cubic feet, the manuafacturing of the stone there will be more expen-
sive than anywhere else. The cost of 100 cubic feet of stone would be
about as follows :-—

B8, 4. P,
150 cubic foet raw kankar, ot Rs. 9 per 100 cubic fect, ... =1 8 0
w ,, ., burnt  ,, o, 13, » =1 00
Labour, including pounding lime and bresking kankar, ...= 1 ¢ 0

Total, 3514 0

I shall allow one month for the setting of the stones, and after that
period of time I shall report on the various yualitics and powers of the
stones 1 have manufactured.

During the month of June I made 19 more blocks, which exhausted
the small stock of kankar lime we had in hand.
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On the 11th of July the blocks Nos. 1, 2, 14; 15 were placed under the
inflaence of a strong current, and left there till the 25th of Angust. I
would have liked to place these blocks immediately under the falls, but as
they were not big enough to be immovable, I thonght it might prove
injurious to the masonry of the fall if I placed them there. The block
No. 18 was placed in the water four hours after it was made up, and it
was found on examination to have set, and to have hardened. The shape
of all the stones made np in the mould I used was perfect. 1If, therefore,
those blocks were placed close to each other, and joined by a thin coat
of hydraulic mortar, they would form & solid mass which might be exposed
without fear to great velocities.

I weighed nine of the blocks, and I found that the average weight of a
cubic foot was 136 1bs, ; this is aboat 30 per cent. more than a cubic foot
of brick, but it is less by 27 Ibs. than the cubic foot of stone made by Mr.
E. C. Palmer. Whether this comes from our kankar which is very in-
ferior to the kankar to be had at Amritsar, although ours is much dearer,
or whether it comes from insufficient pounding, I will ascertain as soon as
we begin making blocks again. I think that it comes from the kankar,
as the average weight of the blocks made before my time at Kallair is
the same as mine, and they had no end of pounding. The price of kankar
has been reduced, and from Rs. 12 that I was asked at first, it has come
down to Rs. 8. The cost of 100 cubic feet of stone is now as follows ;e

RS A, P.

150 enbic fect of raw kankar, at Ra. 8 per 100 cnbic feet, ... 12 0 0
100 , g burmt , at Rs 12.8 per 100 cobic feet, 12 8 0
Labour, including pounding of lime and breaking raw kankar, 9 ¢ 0

Total, ...3314 0

I will conclude by remarking that I do not think it necessary that the
principal ingredient used should be raw kankar: as long as I can obtain
kenkar puzzolana and good fat lime, it is indifferent to me whether the
third ingredient at my disposal is kankar, good sand, gravel or broken
boulder. With each of these three last ingredients, I could, I think,
obtain & good concrete stone, probably much heavier than the kankar
stone. - But kankar puzzolana is the only ingredient absolately necessary
in hydraulic works; it is the ingredient which mixed with fat lime con-
tains all the hydraulic and cementing qualities so difficult to meet with
and so wuch wanted. '
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all the detatls of their Manufacture.

ApreNpix To Rurort A,
Statement showing the number of Experimental Stones made up, and
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Report B, dated 20th February, 1871.

On the 5th October, 1870, I wrote a report, No. A, which contained a
statement of the beginning of my experiments on kankar or concreto
blocks, These experiments having beeu necessarily undertaken with kan-
kar lime which bad becn burnt and pounded before my arrival, I could not
expect, in the absence of chemical analysis, to find out at once the defects

- of the manufacture of kankar lime as carried out by the native contractors,
and all the qualitics of that lime when well manufactured. Therefore,
kankar lime being roquired, T ordered that three small conical field kilns
should be made up and burnt by experienced contractors, and I took
advantage of this opportunity to study the manufacture of kankar lime.

The first of these kilns was burnt and the lime pounded whilst I was
surveying on the Beas river. I examined some samples of the powdered
lime obtained, and found that it was a poor stufl, evidently composed of
ashes, underburnt and well burnt kankar, the product of the ignorance
and bad faith of the contractor,

My work being then completed on the Deas, I had the two other kilns
unloaded in my presence, aud took care, to have the well burnt kankar,
the overburnt and underburnt carefully separated.  The quantity of well
bumt kankar being only one-hall of the total load of the kiln, I was
obliged to conclude that the amount of fuel requnived during the winter was
ignored by the contractors, and that to conceal the results of their ignorance,
they geverally pounded together all what they could get ont of the kilna,
and produced conseguently the poor stulf ohtained Ly the first kiln,

Oxn enquiry I find that the practice of spoiling kankar lime is general
in the district, which explains why it is not more in use in these parts.

The proportion of {pla to kankar gencrally used is 2 to 1. I ordered

to make a fourth kiln with the proportion of 8 to 1, and to cover the
exterior surface of the kilu with a layer of ashes. 1 have unloaded the
kiln made according to that order, and I find that the loss in underburnt
kankar iy only five per cent. of the load of the kiln.

The underburnt kankar being useless, I tried only the well burnt kan-
kar and the overburnt.

As entering into the details of my experiments would make this report
too long, I will state their result only.

Batdla kankar lime is, as far as can be judged by its imperfect slaking
and by experiments, a limit bydraulic lime, {. e, that it may be classed
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between the eminently hydraulic limes and the inferior cements. Itshould,
therefore, if thoroughly washed beforo burning, contain after combustion
nearly equal quantities of carbonate of lime and combined clay. Dut the
kankar being burnt, unwashed and covered with its coat of clay, it is
likely that the quaatity of clay in the ponnded lime somewhat exceeds
the quantity of earbonate of lime.

Therefore if it was desired to obtain a pure limit hydraulic lime, it
would be nceessary to wash the kankar before placing it in the kiln.  But,
as fur as my experiments go now, they tend to prove that the extra quan-
tity of clay is not injurious to the lime.

My experiments prove also—

Yst. That if Batila kankar lime, wecll burnt, ix finely pounded, made into a
thick paste, und thrown in the water immediately after being made up into
aball, it hardens steadily so as it cannot be penetrated by a fine needle
after o fortnight, and is haed enongh after a month to bear my pressing it
against a table, throwing on it as much as T conld of my weight.

2nd. Thatif Batala kankar lime, treated as before, is allowed 20 hours' sctting,
and then placed in waer, it is after the 20 hours hard cnough not to

» be penctrated by a fine needle, goes on hardening under water, and is, after
a fortnight, able to bear the pressare against the table.

Srd.  That the mixture of one part stone lime with three parts kankar lime does
not appear to improve kankar lime in any way.

4th. That overburnt kankar lime, treated as in No. 1, gets harder than No, 1
ball during the two first days, but remaing after that lapse of time in 2 half
hard, brittle state without improving.

Besides what T might call laboratory experiments, I have employed
kankar lime in the following canal repairs, in places where its strength is
gure to be most severely tried.

The two upper weirs of No. 13 cascade have heen repaired with boulder
masonry, the mortar being composed of one part kankar lime to one part

.stone Jime. This mixture was made because the stock of kankar lime
: Was very small, and I kuew that the kankar lime would communicate its
fghydraulic properties to the stone lime. The deep holes of an ovoidal
gform hollowed by falling water in the masonry left abutnient of the per-
endicular fall No. 17 were repaired with houlder masonry, the mortar
§eing composed of two parts kankar lime to one part stone lime. Here
he tenacity of the mortar will be excessively tried, as the new masonry
Eests‘on a slanting surface., In both cases the canal water was let on the
alls about six days after the completion of the repairs.
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Besides these nseful works, I have placed in the weir, on the third day
of No. 1 rapid, two stones, 2’ X 2’ x 1/, made as follows ;= )
Made on the 19th January—

One four cubic feet stone composed of § one part kankar lime m’”]‘{ pounded,

i two parts raw kankar washe

The lime and the kankar were slightly wetted separately, then mixed together as
thoroughly as can be done by hand labour.

Six and & half cubic feet of the mixture made one stone of four cubic feet. The
stone was rammed 12‘hours by two men., The rammers weighed 16 1bs,

Made on the 20th January—

Oue four cabic feet stone composed of { :,:g g::‘gm{ .lg?,‘;m; el{e%og;\m
Acted on as before,

Five and a half cubic feet of the mixtnre made the fonr cubic feet stone.

On the 24th these two stones wero carried to Madhopur, although one of them hed
only four days for setting, and the other three days, and although I could dispose
only of weak coolies unaccustomed to move great weights,

The stones were woighed at the Madhopur Workshops, and we found that—

The kankar stone weighed 143 Ibs. per cubic foot, and that the stones made with
small ones weighed 1453 s, per cabic foot.

As the best concrete in England weighs about 140 Ibs, per cubic foot, the above
weights are satisfactory. -

On the 213t January the stones were carried again to No. 1 rapid, and placed in
the weir of that rapid.

The weights of the above stones are the greatest yet obtained. I ascertained it by
weighing at the Workshops the best hlocks made at Amritsar, and which were re-
ported to weigh 162 Me. per cubic foot. Their real weight is 136 Ibs, only per cubic
foot.

I am, therefore, in a position to cance] the remarks made in my former
report when I compared the weight of the stones made by myself at
Kallair, and the weight of the stones made at Amritsar, and to state that
most of the former stones are equal in weight and superior in shape to
any stone made before I commenced experiments.

I will conclude this part of my report by stating that having yet to as-
certain mechanically the resistance to pressure of the mortar and béton
made with Batfla kankar lime, I am making now eight cubie inch stones,
which will be sent to the Mddhopur Workshops as soon as they have at-
tained their utmost hardness. This, I believe, will be after keeping the
samples sbout six months under water.

I will pass now to the financial part of this report. As the kankar by
being burnt loses at least one-third of its weight without losing anything
of its bulk, by making the kankar lime at the bed, instead of manufac-
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turing it at site of works, we shall save one-third of the cost of earriage :
also kankar by being washed loses one-fifth of its weight; we shall,
therefore, effect another saving on carriage by washing it at the bed.
Finally, as with proper apparatus it is easier and cheaper to move blocks
than loads of kankar, I shall suppose in the following calculations that

the stones are manufactured at the kankar bed. *
Cost of Kankar Lime. RS,
Prime cost of kankar at site of bed, per 100 cubic feet, .. o 3
Making and clearing the kiln, . . . . . 35
Fuel (Gpla) .. . . .. . . . e 25
Pounding of lime (coarsely), .. . . . . 2
Cost of lime per 100 cubic fect, .o 11
Cost of Washrd Kankar, o
Prime cost of kankar, per 100 cubie fect, .. . . . 3
Washing, .. .. .. .. . .e .o . 2
Cost of washed kankar per 100 enbie feet, . b
Cost of Kankar Stone, -
0425 cubic fect kankar lime, at Rs. 1) per 100 eubic {eet, 596
107°256 " washed kankar, at Rs. & ” s 536
Pounding 100 cubic feet stone, first yuality, e . .. 785
Total cost of 100 cubic feet stone, o 1917

We have to add to this the cost of carriage to site of work, supposing
the stone to weigh about 140 Ibs. per cubic foot, and the district rate to
be one and a half pie per 82 Ibs. per mile,  The carriage would, therefore,
be Rs, 1-5-4 per 100 cubic feet and per mile, In ealeulating the cost of
lime, T have stated that the He was coarsely ponnded. I regret to say
that without the help of machiuery it is impossible to get the lime pound-
ed as finely as it should be. I have, therefore, asked Mr, J. L. Watson,
Exec. Engincer of the Madhopur Workshops, to have the kindness to
supply me with the design and estimate of & pounding machine of the
simplest description which could be driven by cattle, and which can be em-
ployed also for pounding siirki and mortar. I have made a rough cstima-
tion of the work that could be done by it, and found that it will pound
100 cubic feot of lime at the rate of four annas, or one-eighth only of the
actual cost.

In conclusion, I must state that having been informed that the Batila
kankar beds were getting exhausted, cvery hydraulic engineer must feel a
regret in seeing our only source of hydraulic cement wasted in making

VOL, V1.~~SECOND SERIES. T
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roads which cannot stand heavy traffie. It is true that new beds of
kankar areoften discovered, and I can mention one of excellent quality which
has just been found at Bhimpur by Mr. W. G. Cotton, Exec. Engineer,
1st Division, Bari Dodb Canal. Dut whatever be the extent of our weslth
in kankar, I think it would be wise to rcserve some of the beds in the
proximity of the canals, so as to keep up our supply of a lime, which when
well worked, would be in every way much cheaper and much better than
the stone lime hitherto employed.

If we do not take advantage of our only supply of natural cement and
prevent its being wasted on roads, we shall be obliged to have recourse
one day to artificial cement as recommended by Lieut.-Colonel Brownlow,
R.E., who was not aware of the fine qualitics of our kankar limes when
manufactured with care.

P.S.—I find that the specific gravity of Datila kankar lime is 1:2;
the specific gravity of Portland cement is only 1-4.

Report C, dated 16th October, 1871,

Part I, Giving every information about the Kankars along the Beiri Dodb
Canal from Mdidhopur to Aliwal.

It scems at first sight of little importance to the engineering profession

of India whether kankar is, according to Daniel Page, a superficial accu-
nimlation of caleareous matters, which, in point of time, seems to corres-
pond with the boulder drift formation, or whether the surface waters of
our own time continue to transport in their course calcareous matters which
percolating through the soil, are still forming those beds of nodules that
we arc so anxious to find in the vicinity of onr works. The question,
however, is important in this way that, if nature does not in reality keep
up that natural production of kankar, as these beds of nodules are our only
sources of cements and hydraulic limes, it would be advisable to prevent
the premature exhaustion by road-making of those which are close to our
works.

Along the linc of the Biri Dodb Canal, and at small distances from
it, kenkar is to be found at various depths, and of various chemical com-
position.

At Bhimpur, 15 miles below Madhopur, it is to be looked for in
the slopes of the watershed crossed by the eanal at depths varying from
4 to 8 feet, and in masses from 25 to 50 cubic feet. In some spots it is
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of a compact but sandy nature, containing many fossils of marine shells and
other detritus, In some other spots it is a calcarcous nodule likely to be
a fresh water deposit.

Two or three miles below Bhimpur, kankar becomes a flat stratified
nodule, very compact and hard.

Three miles furthor on, abreast of Sirkidn, and two miles eastward,
deposits of the calcareous nodule are to be met with.

Kankar is not again found till Batdla, whero it is excavated from
large beds at a dopth of 3 or 4 feet, and in the shape of a very contorted
nodule, containing clay in the empty spaces.

Beds of the same kind of kankar arc crossed by the canal two miles
below Kunjar, but they are at such depths as to be practically unworkable.

We have not had an opportunity of getting acquainted with the beds
below Aliwsl. Kankar from Vahnis the only kaukar from the plains that
we had occasion to analyze; it is found close to the surface of the ground,
and is & much purer carbonate of lime than our kaukars.

Table 1. gives all the important information about the kankar beds, and
also all what has been published about the kankars of other localities.

The full value of the analyses given in Table I. is not realised uutil
we compare them to those given in Tables I1. and 111

Table I1. contains the analyses of well known stone liines, whose treat-
ment as regards burning, slaking, nature, and proportion of ingredients for
mortar, ig well known, and need not, therefore, be repeated in this report.

Table III. is a translation of a table by Vicat, in which are classed all
the varieties of hydranlic limes and cements by types, according to the
guantities of carbonate of lime and combined clay they contain. The
proportions of lime to clay are given both before and after combustion of
the stone. This useful table enables us to see at once what name we can
givo to our kankar limes, For instance, we could call cements superior
to the ordinary cements, the calcareous nodule of Pathinkot, Bhimpur (2),
Jandby Chouty, &c. ; ordinary cements, washed Batdla, Lucknow No. 3;
cements inferior limits, the kankars of Vahn, Ghazipur, Lucknow No. 1,
and No. 2, &o. The Blhimpur sandy nodule onght to come under the
denomination of poor cecment, the best for concrete under water.

In conclusion of this part of our report, we must state that the analysis
and information it containg have becn given in imitation of the same kind
of work done by Vicat for the whole of I'rance, Vicat’s labours in that
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direction were stated by a commisssion composed of the most eminent
scientific men in France to have saved thousands of millions of franes to
the French Government.

Part 17, Giving the Result of Experiments on Batila Kankar Cement,
burnt unwashed, used for Mortar and various linds of rammed Concrete.

The Batala kankar used for mortar was burnt unwashed, the well-burnt
cement picked out of the kiln and pounded by hand labour. However
imperfect this pounding was, the cement uscd was not sifted, so 23 not to
increase the cost. As reducing the cement to a fine powder has been
proved to be necessary, we have given in a previous report the plan of a
mill designed by Mr. J. L. Watson, Exec. Engineer, Midhopur Work-
shops; this simple machine, moved by cattle, would pound the lime at
onc-eighth of the actual cost, and conld be used for mortar-making.

With the cement mentioned above, the repairs of the bonlder masonry
of caseade No. 13 aud perpendicular fall No. 7 were carried out, and stood
well, although the canal water was rushing on them rix days after the
completion of the repairs. When the head of the canal was closed by
the flood of the 25rd July, and the fells laid dry, the mortar was found
very hard, and in a very satisfactory state.

Different proportions of stone lime were mixed with the cement, as one
of stone lime to one of cement, or oo of stene lime to two of cement;
but having since analyzed the Batéla kankar lime burnt unwashed, and
found it to contain—~—

Caustic lime, 31 parts,

Combined clay, 69 parts,
we would now add 38 parts of caustic lime to each hundred parts of
cement 5 or, to wake it practicable, two mearsures of caustic lime to tivo
of cement,  This mixture if analyzed would give nearly cqual gnautities
of clay and caustic lime, which is the best proportion of burnt eements
according to Table IIL

Neat Batdla kanker cemient was tried on a length of 40 feet of the
weir built across the Ravi at Madbopur,  When this work was examined
after the subsidence of the floods, it was found that the kankar cement
was uninjured, although laid last, and although it was in the line of what
was formerly the deepest channel ;—whereas the stone lime mortar had
been everywhere worn out to depths varying from 1 1o 6 inches. In all
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the above works, the mortar was mixed with the smallest proportion of
water possible, and was used immediately after being prepared ; none being
allowed to remain prepared in the evening for the fullowing day.

To find the value of the kankar lime as a cementing material for con-
crete and artificial stones, about 115 blocks, 1/ X 1’ X 2/, were made at
Kallair in the beginning of June 1870; the greater number of them
being composed of two burnt kankar to three washed kankar; 80 of
these blocks were placed in rapid No. 10 in July 1871, and they are now
undergoing trial; 20 more are to be placed in the weir of the dam, and
5 placed in the weir of the dam built across the Ravi, although worn at
their upper surfaces by the stream of boulders passing over them, have
stood well during the flood. However, as the lime used for these blocks
was made by natives before we took charge of the experiments, we do
not fecl as confident about the result they will give as we are about the
other experiments.

In January 1871 two blocks one foot decp, offering together to the
current an horizontal surface of eight square feet, were placed in the
weir of No. 1 rapid five days after they were made up; a week after the
canal water was running over them. In July of the same year the canal
being closed, these stones were examined and found very hard, and in &
very satisfactory condition. Their composition is—

1 Batala kankar cement burnt unwashed awd coarsely pounded, but pure; %
2 raw kankar washed ;

And—

1 Batala kankar cement burnt unwashed and coarsely pounded, but pure ;
2 small stones from bed of canal,

Except that no machinery was used, the manufacture of these stones was
carried out as it is donein the Coignet's manufacture. They weighed a
little more than the usual 140 tbs. per cubic foot, and required also as
near as possible the usual proportion of 160 cubic feet of material to
make 100 cubic feet of stone,

Besides the above stoncs, a few ornamental cornices of artificial sand
stone were moulded, and a great many 9-inch little cubes were manufac-
tured, and tried under the crushing machine at Madhopur. Table IV.
gives the crushing weights of specimens when fivo weeks and six and a
half months old; all the dry specimens of the second trial bhad been loft
six months under water and then dried.

We have introduced in this table = new feature in the way of experi-
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ments, which is the crushing weights of the specimens when saturated

with water.
Table IV. gives also the percentage of water absorbed by each kind of

specimen,

The examination of the table gives rise to the following remarks :—The
crushing weight obtained for the unrammed kankar cement shows that it
is quite equal to the natural cements known in England as Roman
cements ; its strength neacly doubled in six months under water.

Specimen 1L illustrates the effect of ramming, and shows that neat
cement out of water conld stand the highest pressure obtained.

Second to it in strength out of water comes specimen 1IL., but both
specimens II. and 1II. are beaten in water by specimen IV.

Specimens V. and VL are composed of the same materials and in the
same proportiont; but the mixture in V., is unground, and in VL it is
well ground in a stone-mill.  The grinding was employed for two reasons
—1st, to reduce the numerous slates of mica to fine powder; 2aud, to break
the rounded grain of sand so as to make each new grain sharper though
smaller. The erushing weights after five weeks did not show that the
grinding was an improvement ; but, as it always happens to slow-setting
material, after six months in water the strength of No. VI was found
to have dounbled, and it took the second place as far as strength under
water is concerned.  The ground sand mixture is the most easy to mould
and to ram,

The ground sand mixture was used to cement a double quantity of split
boulders, and to compose specimen VIL., which proved to be of a very
fair strength under water, although containing two-fiftcenths of cement
only.

Specimens VIII. and IX. give fair results, but they do not come up to
the others, except the unground mixture of cement and sand.

8pecimen X. has been chosen among the best of our well-burnt bricks,
and it was kept also six months under water ; but its strength, especially
under water, proved to be much below the strength of the specimens of
concrete.

The conclusion we arrive at is as regards Batila kankar cement burnt
unwashed, that the concrete made of one kankar lime to two washed kan-
kar is the best for superstructure, whereas the best material for works
under water is the artificial sand stone when the mixture is ground.
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Report D, dated 29th November, 1873.

This report describes the practical results of all my experiments. The
report will be divided in three parts, as follows :—1s¢, natural cements;
2nd, artificial cements; 3»d, concrete.

Natural Cements.—The works on the Bari Doib Canal as far as
Aliw4l have, I believe, been constructed with stone burnt on the banks
of the Chakki torrent. This stone or boulder lime, if honestly manufac-
tured, is a hydraulic lime of fair quality, the strength of which is manifested
by the solidity of the boulder masonry built with it. But if this lime
is hydraulic enough to have been used on the canal works and on the
Madhopur weir, when it had plenty of time for setling and hardening, it
was found to be insufficiently hydraulic when used on such works as
the yearly repairs done to the rapids and falls. However, as Portland
cement was too expeunsive, and the existence of natural cements was not
an established fact, stone lime was still in use for those repairs when I
joined the canal in 1870. Having found that the Batdla kankar yielded
a cement of very quick-setting properties, I asked permission to superintend
the repairs of the rapids in January 1871, and to try this cement on them.
Having found it to answer, I asked again permission to superintend the
repairs in 1872, and to employ the cement more extensively. In Janu-
ary 1873, when I visited the rapids in company of the Supdg. Engineer
and the Excc. Engineer, 1st Division, the repairs made with kankar
cement were found in perfect order, even the chosen space in the centre
of rapid No. 10, where the interstices between the boulders had been
filled with concrete 24 hours before the re-opening of the canal, was in a
very good condition. As no trace of the repairs done periodieally with
stone lime was to be found, the result obtained with cement was remark-
able.

In January 1873, I did not superintend the repairs; some kankar
cement prepared hastily was used, but the majority of the repairs were
carried out with stone lime; thus it will be & maiter of importance to
ascerfain when the canal is dry again in January 1874, if the repairs of
1878 have stood, and if their state warrants the further use of stone lime
on such works ; also if the repairs done with cement in 1872 have contin-
ued to stand well. If the question is decided in favour of kaukar cement,
as T have no doubt it will be, the first practical result of my experiments
will be the introduction of & natural cement, the use of which will make the

VOL. V1,~—SECOND SERIES. U



146 KANEAR LIMES AND CEMENTR, RARI DOAB CANAL.

repairs of the rapids more durable, and will consequently diminish the
number and duration of closures, so expensive and so injurious to the
interests of the canal.

As a proof of the good results obtained with the cement at Madhopur,
I have only to state that I am indonted on for cement whenever such a
material is required.

As Batdla cement, which has to be carried all the way from Reniah
Dhdriwil, where it is made, to the head of the canal, costs half as much
again as stone lime, this being one of the greatest objections against it, the
qualities of the kankars nearer Middhopur were studied and tried. The
Pathdnkot block kankar was found to yield an eminently hydraulic lime of
first-rate setting and cementing qualities, and several hundred feet of it
were burnt and used on the Madhopur weir and on the rapids. However,
the digging for this kankar being deep, and the fuel expensive, the burnt
kankar was found to cost a little less only than the Batila cement. The
1st Division is now, 1 believe, burning the Pathinkot kankar for the
repsirs, and is trying to reduce the former cost to a minimum. The
calcareons doposits in the slopes looking towards the valley of the Beas
from Bhimpur to the Kahnowan bund were found to produce coments and
eminently hydraulic limes, but they are so much intermixed with caleareous
sand stones containing too much silica in the state of sand, and flat
kankars containing too much dissolved silica, that thorough diserimina-
tion is difficult, and the cements obtained generally poor. However, the
Officers of the 1st Division are now endeavouring to take advantage of
these deposits. I can therefore claim, as one of the results of my experi-
ments, the opening of new sources of cementing materials, which materials
were formerly believed to be very inferior.

Again, to reduce the expensiveness of mortar made with cement, the
mixture of this material with sand was experimented upon, and em-
ployed to carry out extensive repairs at the bottom of the upper cistern of
cascade No. 18. This experiment was made under great disadvantages,
as, being shori of time and of coment, this material was very roughly
ground, and its mixture with unsifted stone lime and rough sand pro-
duced a mortar of slow-getting properties. Besides, the toe of the repaired
wall, having no foundation below the surface of the flooring, was unpro-
tected. When the work was examined in January 1873, it was found
that about one-quatter of it had been carried away by the incessant grind-
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ing of pebbles and sand which takes place at the bottom of the cistern.
This would look discouraging if the case was to be judged superficially ;
but when the disadvantages under which the mortar was mads are thought
of, when it is known that no good pointing was used to protect the
mortar whilst setting, it will be admitted that the experiment is not con-
clusive either way, and ought to be repeated. As I have used sand
successfully for concrete, I have no doubt myself that it can be used for
mortar with safety.

Artificial Cement.~The experiments on this cement bave gone through
their first stage. The paste prepared by the dry process, and burnt in
a flame kiln was found to produce a cement too slow-setting for practical
purposes, and which is not likely to attain the high degree of induration
of Portland cement. The causc of this weekness is, that the kankar
used for the paste having been ground unwashed, the quantity of carbonate
of lime in the sample was too small,

The sample now being prepared has been made with washed kankar, and
a rough analysis shows it to comain about 63 per cent. of carbonate of lime.
A small specimen burnt in a crucible has shown a high degree of hydrau-
licity. This sample ought, therefore, to give very good results. Ifit
answers my cxpectation, and shows a strength nearly equal to that of Port-
land cement, Ishall, if permitted to do ko, submit plans and estimates for
a cement factory moved by water-power and situated in a convenient site.

Concrete.—~My experiments on small blocks have been described in
the report of the 17th October, 1872, The results obtained show that
the strength of Batdla cement is equal to that of Roman cement, and
that sand can be used with it in the proportion of 1 to 1 or even2 to 3.
The most important results, however, arec those which show that if bad
sand, even when full of mica slates, is ground with the cement, it produces
a slow-setting powder whose nltimate induration in water is almost equal
to that of neat cement. As many kankars yield cements and hydraulic
limes superior in strength to that of Batila, and which can stand & much
greater proportion of sand to cement than 2 to 3, their use, ground with
the bad sands of the Punjab, is worth a trial, as such a fine powder would
combine cheapness with the fine qualities required for concrete and mortar
paste.

The experiments on large blocks commenced in January 1871, when
I placed two blocks 2/ x 2’ x 1’ in the weir of Ne. 1 rapid. These
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blacke had been allowed four days’ sctting only before being laid in the
weir; a week after the canal water was running over them. They stood
very well, although the great flood of July 1871, and a mass of timber
had passed over them, so, the canal being dry after the flood, 80 blocks,
2’ X 1’ X 1', made in April and May 1870, were laid in the last third of
rapid No. 10. These were visited in the beginning of the years 1872
and 1873, and were found to have stood very well, although some show
signs of inferior manufacture. It was, I think, concluded from this experi-
ment that such blocks would do very well for the floorings of the new falls.

The concrete-block machine designed with the view toram the blocks
with greater rapidity, to impart to them a higher and more equable specific
gravity, is now in progress at the Madhopur Workshops.

Note by Carrain R. II. Pamer, 8.C., dated 18th December, 1873.

Mr. Nielly has been most careful and industrious in ascertaining the
various qualities of the kankar nodule in his ncighbourhood, and in de-
termining the best method of burning and preparing hydraulic lime thence
obtained. The lime is undoubtedly excellent, and its good effects are visi-
ble on the works where it has been used, notably, where I have seen it
myself on the Madhopur weir, where it has stood the eroding effect of the
river, where the other mortar (composed of stone lime and sdrki) has
been scoured out. The great cost of this lime prevents its being brought
into more general use, and it is hoped that before long, further experiments
will lead to a more economical proportion of the material ; great credit
is, however, due to Mr. Nielly for his labours,

As regards the concrete blocks, the rate per 100 cubic feet is very high,
being equal to fine brickwork; at the same time the blocks prepared
by Mr. Nielly are much finer in their texture than is required for the
purposes for which they would be employed on the canal, being prepared,
a8 Mr. Nielly describes, more on the Coignet system ; the blocks are
more adapted for cornices and mouldings than for the floorings of falls
and bridges, it is probable that blocks suitable for this description of work
could be made for about half the cost of those under reference.

Report E, dated 29th December, 1873,

Cost of Natural Cements.—The cost of lime or cement is a quantity
8o susceptible of variation, according to the density of the raw material,
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its abundance in the soil, the temperature, the cost of fuel, the distance
the material, either raw or burnt, has to be carried, that it is difficult
to give an accurate and constant rate even for one single place. How-
ever, I will endeavour to give an estimate, as close as possible to the
truth, of Batdla natural cement during the hot weather. Then the dif-
ference which the cold weather and the carriage to site of work will be
taken in account, and rates for different places struck out.

Detail of Rates.

RS, A. P,
Excavation of 100 cubic feet raw kankar about 3 feetdeep, = 1 12 0
Supervision per ” ' 9 wo.=0 4 0
Rent of land » ” » 03 0
Total cost of 100 cubic fect raw kankar, ... 2 30
Cost of fuel (apla) per 100 cubic fect, 2 00
Mauking up the kiln, per 100 cubic {ect raw kankar, 1 60
Picking up the cement, per 100 cubic feet cement, 270

Best hand-pounding of the cement, per 100 cubic feet
cement, 4 0 0

From the above rates we may deduce the cost of 100 cubic feet natural
cement in the following way, not neglecting the facts that nearly 150
cubic feet of raw kankar are required to produce about 100 cubic feet of
cement, and that in the hot season 2 by measure of fuel to 1 of raw
kankar is the proper proportion, whereas in the cold weather 2:5 of fuel
to 1 of raw kankar is the proportion. Should the kankar be washed
before burning, from 3 to 3:5 of fuel would become necessary.

Caloulation of the cost of 100 cubic fect, Natural Cement at Batdla,

RS, A, P,
150 cubic feet raw kankar, at Ra. 2-8 per 100 cubic feet, . = 3 4 6
800 cobic feet apla, at Rs. 2 per 100 cubic feet, =6 0 0
Making up the kiln, per 100 cubic feet raw kankar, we =210
Picking up the cement, per 100 cubic feet cement, =2 7 0
Best hand-pounding of the cement, vee w 400
Cost of 100 cubic fcet natural cement, total, ... 17 12 6

Adding to this rate the increment for one-fourth more fuel during the
winter, and the cost of carriage at 8 annas for short distances and 6
annas for the longest, we get the following rates for the different sites of
work along the canal :—
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Rates of Natural Cement.

v e |
BB, RS
Aliwal, s 19781 21-281
Kila Lal Singh, 20-281 21781
Kunjar, e oo 22:281 23781
Kallair, ase 25-781 27-281
Rania, . es 23781 25281
Talwandi, 23781 27281
Babiali, 26781 28281
Tibri, . e 27-781 29281
Midhopar, 35781 37-281

These rates might be reduced by gnudmg tbe cement in native mllls
The best way to do this cheaply and conveniently would be to obtain from
the 1st Division, and build as near the canal falls as possible, kacha
mills which could after completion of our works be let out to native
millers, If we pay for these mills & water-rate of 4 annas per day and per
pair of stones, and if we assume that each pair will grind 50 cubic feet per
day with the attendauce of two millers at 4 anuas each, the grinding will
cost Re. 1-8 per 100 cubic feet; add 1o this Re. 1 for roughly breaking
the cement before giving it to the mills, and the total cost of grinding
will be Rs. 2-8 instead of Rs. 4. By using mills, we shall, therefore, gain
by two ways—1st, in greatly lowering the rate; 2ad, in reducing the
cement to very fine powder, which is an advantage of no mean value.

Rates of Artificial Cements ut Rania,

R8,
200 cubic feet raw kankar (to prodace 160 cubic feet

cement), at Rs. 7437 per 100 cubic feet, ... o= 14875
Washing 200 cubic feet kankar, at Ke. | per 100 cubie feot, 2000
Grinding and sifting, at Rs. 50 per 100 cubic fect raw

kankar, e wee 100000
Making the ground kankar into cakcﬁ, at Bs, 3 per 100

cabic feet ground stuff, R e 4000
50 maunds wood, oo er 12600
Lubour of burning 100 cubic feet cexncnt ves 5000

Carried over, e 128375
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RR.
Brought forward, .. 138375

Grinding and «ifting the cement, at Rs. 100 per 100 cubic
feot, ... e 100:000

Cost of 100 cubic feet artificial cement worked by hand,-
total, ... .. 9238375

The cost of one cubic foot would then be Rs, 2:383.
These rates might be easily redaced by choosing a convenient site for a
factory capable of producing 100 cubic feet per day, and by employing
native mills as a grinding and moving power. If, for instance, we
choose Aliwil, in the vicinity of which there is abundance of kankar,
and where plenty of water-power may be obtained, where, besides, large
buildings are available, the rate would become as follows :—

Details of Rate.
.
200 culiic feet raw kankar, at Rs. 3:562 per 100 cubic feet, 7124
Washing the above, at Lle. 1 per 100 cnbic feet, 2:000
Grinding and sifting by wate.-power, at Rs. 5 per 100 cubic
feet, 10000
Making the ground kxmknr into cakes, at Rx- 3 per ]00
cubic feet ground kankar, 4000
50 mannds wood, oo 12500
Labour of burning, ot 5000
Grinding and sifting the ccmout, oo 10°000

Cost of making 100 cubic feet artificial cement, total,

or eight annas per cubic foot of &9 Ibs., or 112 Ibs. per bushel. It would
be premature to compare this rate with the rate in England for 'ortland
cement, because the strength of the sample of artiticial cement just
manufactured has not yet been tried. This sample is good as far as
hydraunlicity goos, but its strength cannot be known before the beginning
of January 1874.

Cost of Concrete made with Natural Cement.—When coucrete is well
rammed, 160 cubic feet of materials are required to make 100 cubic feet
of concrete. The proportion of mixture being one of cement to 8 of raw
kankar, 40 cubic feet of cement and 120 cubic fect of Lankar will be
required per each 100 cubic feet of concreto; then the cost of 100 cubic
feet raw kankar being as given in coluwmn 2 ; the cost of concrete blocks
per 100 cubic fect at various places along the canal will be as entered
in column 6.
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Cost of lubori’ Cost of con-
Cost of I Cost of 120 | Costof 40
Names of Places. kn.nk,arc;mr and mould abi T h T gent | quble feet | CTVbe blocks
3 annas 100 cubf
100 cubic feet, .cﬁb;‘c“fum r# kuankar, cement. | PO feeg.u ¢
From Batdla.
RS, RS, RS. RS, RS.
Aliwal, 3462 1875 4274 7-900 30924
Kila Lal Singh, 4375 1875 5250 8100 32100
Kunjar, 6125 1875 7-350 8:900 35000
Kallir, "o o 7 875 1875 9450 10300 88500
Rania, ves 7437 1IRT5 8924 9 300 36974
Talwandi, >+ 8-750 1875 10-500 10:300 34550
From Bias
slopes,
Babiili, .e 7:500 1875 9000 10°700 28450
Tibri, e 6500 1875 7800 11-100 37650

The above rates will be considered high; what makes them so is espe-

cially the cost of carriage, and also that of labour——expenses little sus-

ceptible of reduction. The cost of labour is that of blocks made on the

Coignet system, and if it was reduced, it would be at the expense of the

homogencity and durability of the blocks. The concrete block-machine

is expected to effect a saving, but it has yet to be proved by experiments.
Report F, dated 18th April, 1875.

Plain chemical composition of Kunlkars, §c.—The Appendix F? con-
tains a list of analyses made by Mohr's process; most of them were
checked by Lieut. 8. Jacob, R.E. The Sialkot kankars were analyzed
with a view to their being useful on projected canalsin the Rechna Dedb.

The main results from these analyses are—

1st.—That there is in the Hoshiarpur District a honey-comb, shelly tufa deposit as
rich in earhounate of lime as many of the chalks, and which could, therefore,
be used for the manufacture of Portland cement.  The deposit is reported
to be extensive, and it does not scem to be n solitary oue in Upper India,
a8 the Roorkee Treatise speaks of a similarly rich deposit at Behwmurri, in
the Gorakhpur District, North-Western Provinces,

2nd.—~That the Vahn kankar and similar ones might be used for artificial cement
without the admixture of clay ; but their most excollent gnalities asnatural
cements would preclude the incurring of an extra expenditure for making
them artificial.

8rd.—That all the ordinary kankars are not sufficiently rich in carbonate of lime
for the manufacture of artificial cement.

4t%..—That the majority of nodular kankars contain when washed from 49 to 545
per cent. of carbonate of lime, but when not washed from 382 to 39 per
cent.  As the tenacity of burnt kankars must be greatly diminished by
leaving them unwushed, the worst kinds especially ought to be washed if
great tenacity is & desirable object,
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Neat Cement.

Ezxperiments on Tenacity.—Batéla kankar, one month

old, mean, ... ... v eee ws ees aen 61 1bg, persquare inch.
Batala kankar, six months old, mean, ... .. e T3, » "

» s twelve ,, e s . 82, » ”
Pathankot kankar, four months old, mean, e e 27, " "

Artificial Cement.

Made with Batala kankar, ouc year old, .« we 51
Half artificial, half natural, ,, 5 ase . we 93
Tenacity of Concrete—~Béton made with Butala kankar
burnt with wood and raw kankar in the proportion of
2 1o 3, two months and twenty days old, ... 106
The same, the kankar burnt with opla, ... .. we 67
Béton made with kankar sent for trial by E. C. T'almer,
Esq., two and a half months old,... o 131

” ” ”»

” ” ”

” ” ”

The tcnacity of the Batdla cement is scarcely one-tenth of Portland;
Batala can only be classed among the weak Roman cements., Weak as
it is, it is, however, greatly superior to Pathdinkot stuil, whose weakness
takes one by surprise, as its strength under compression is great. It must
be remarked that the Pathdnkot is reddish before and after burning, and
this, it is thought, is a general sign of weaknes, the dark grey colour
of the clay which surrounds the kankar being, on the contrary, a sign of
strength.

The tenacity of concretes is very instructive, as it shows itself to be
much greater than the tenacity of neat cement. Mr. Palmer’s kankar
especially is remarkably strong, as ome of the specimens required the
great weight of 168 ibs. per square inch to break it. This is almost
equal to Portland cement and sand in the proportion of 1 to 2.

The difference in tensile strength made by the difference in the fucl used
is also very instructive, and points to the conclusion that, if confirmed by
farther experiments, Gpla ought to be rejected for fuel.

Notes oni Artificial Cements made with Kankars.~The artificial cement
made obtained a tenacity of only 51 Is. per square inch after one year.

The cause of this weakness is the deficiency of carbonate of lime in the
kankar as shown in Appendix E2,

The main result of the experiments is not, therefore, the production of a
good artificial cement, but the proof of the practicability of overburning

VOL. V},~~8ECOND EERIES, X
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the artificial cements with a flame kiln composed of one circular shaft ¢on-
nected with one pair or more of opposite furnaces fed with wood, the flames
of which converge in the axis of the shaft.

1t was found that the plainest method of making cement nodules or
cakes was to manufacture them by hand into small buns about 24 inches
in diameter and half an inch in thickness.

Notes on Concrete.—For each 100 cubic feet of concrete 200 cubic
feet of kankar are required. The smaller the kankar is the better. If
small stuff is not procurable, the kankar ought to be passed through a
screen with intervals of §-inch between the wires; the larger pieces are
used for burning ; the smaller are washed and used for the concrete.

The kankar burnt with dapla sets faster, and is much more unctuous
(chikna, the natives would say) than the kankar burnt with wood. For
burning with wood, the native circular clamp as used for burning boulder
lime stone will answer. The experiments on tenacity show that the cement
burnt with Gpla has only §rds of the strength of the cement burnt with
wood. This fact will be tried again for confirmation.

To manufacture the blocks, the kankar well washed is mixed in its wet
state with the cement; then a quantity of water, varying from 25 per
cent. of the weight of the cement during wet days and during the winter,
to 35 per cent. during the hot dry heat of the summer,* is slowly added
to the mixture. This mixture ought to be briskly and methodically
shovelled whilst the water is dropped on it. The stuff so prepared, in
small quantites, on account of the fast-setting qualities of kankar cement,
is carried to the moulds and rammed in layers of about 3 or 4 inches, each
layer, when complete, being thoroughly scraped to ensure its getting well
joined to the next layer. When the block is finished, the mould is taken
out without difficulty, and the block gently upset on a layer of sand. The
rammers are rectangular in form, and weigh eight seers,

The grinding of the sand full of mica with the cement gives good re-
sults for superstructure, and for mortar under still-water, when the cement
used is not very stong, as the DBatala; but it gives good results under
water in any position if used in connexion with a very good cement, like
that of Vahn. It would be advisable, therefore, to employ it but only
when great facilities for grinding in a mill are at hand, and when it really
effects a saving in the cost of mortar and concrete.

*® Fide remarks npon theac guantities of water in undersigned's paper on Mr, King's exporiments,
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APPENDIX ¥
Analyses of Kankars, Tufas, &c., by Mohr’s process.
Percentage of Peroen of
§ Names of places ';}\1:“ the kankars g, .40 of oxtornal purity mll»:n::;‘g of :‘;}xg‘:'};‘,‘:' Remarks
“ C.
1 |Tufa full of shells, found in the
Hoshidrpur District, ... «.|No washing required 88°00 12:00! Excellent for
Portland cement
2 |Pathdnkot tufs, .. | Washed 4900 51'00
3 |Bhimpur sandy nodule, we  wn]No washing requu-od 3425 6575
4 »  compact,... » “ From 50 t0 59°25 From b0 10 4075
b " Amn,]l nodule, thr sweep-
ing of the slopes, ”» ” 7500 25°00
6 |Jandhy Chouty flat kankar, .. ” » 52-50 47-50
7 | Ealigpur ordinary nodule, «e| Washed 54'75 45725
8 { Kahinaur » " o |Unwashed ... 3260 67 50
9 | Virka, n " o | Washed e . 4700 53 00
10 | Tong, .~ » s 5200 48 00
11 | Jaitha on Kim escn.pe e . ” 52°50] 4750
12 | Kunkar on Alnwil escape, " .. 5425 4575
13 | Batdla ordinary nodule, .. o . 54'50! 4550
14 » R w{Unwoshed ... - 3875 61:25
15 " inferior. e . 2875 7125
16 ; Kankar on Muoltan tmuuh, tour
miles below Aliwal, ... ..{Cleaned by rain only 41 50 5850
17 { Kankar on Batila road, nine miles
from Amritsar,... we e Washed e 52:50 47°50
18 | Vabn kankar, ordinary nodule,...|No washing muxred 5750 42-50] Good for Port-
Jand cement
without admix-
ture of clay.
19 | Vahn kankar, small nodule, ...|No washing required 6775 32-25| Ditto ditte
20 |Bhoman Vadala rocky kankar, .. ” " 51-25 4875
21 v module, e e ” 1 4900 31400
22 Konlmr near Lahore, e " » 47'50 5250
23 | Sample gent by E.C. Palmer, Esq .| Washed 50-00 50°00
24 " " " Unwoshed ... .. 39 15 60°85
Kankars from the Sialkol District
25 PAkrota rocky kankar, .. Washed .. 5300 47°00
26 " N ” Unwashed ... 48 25 51475
27 iSudha ,, " e oo |Washed - 53 50 4650
8 " " " we  oUnwashed .. .. 5000 50 00
29 | Lodbra nodular, v ae|Washed - 5825 4178
30 " " e e wojUnwashed ... . 4550, 51-80
31 LJhummal nodular, v en|Wushed [ 53 50 46-50
a2 " o e se aojUnweshed .. .. 4425 5575
38 | Pipliwélr, nodnlar, we o Washed 42:00 58°00
M " v e e e|Unwashed .. .. 36'75 6325,
358 iGukhka metur, ... o] Wanhied 42:75 57-20
26 " .. wi ewwUnwashed .. .. 5325 6675
87 |Kokamird metur, ... .. ..|Washed .- . 4300 5700
a8 » w e we eoJUnwashed .. .. 36 25 63786
89 lOnickwaty w e en|Washed 4300 5700
40 » w e e |Unwashed .. . 33 50 6650
41 lgodpur rocky kanknr, ..  ..|Washed o 52:25 4775
2], " , wr  e|Unwished .. . 48 00 52:00
43 |Pardly nodular, .. .. ..|Washed 44°00) 5600
4,0, vt wm oUnwoshed .. o 3875 6125
40 IKobah Chack rocky, .. ..|Washed .. .. 4725 5275
61 L we  w|Uownshed .. . 44 50 5550
47 'Ballanwalsh o oo |Washed ... .. 50 50 4950
48 " . o Unwashed o. o 46 50 53:50
49 |gahowalsh  ,, v wuWashed .. .. 57 25 4275,
b0 " " .|Unwashed ... .. 5650, 43830
8! |Wazirabad nodular, wo|Washed .. .. 43°88i 8615
o2 " " we  wo|Unwashed .. .. 32-00| 68:00
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Report G, dated 10th April, 1875.

Remarks on some details of the Experiments made by M. Kixa, Esq.,
Assist Engineer.

It is stated by Mr. King that various clays would be mixed with the hy-
drate of lime: as it has been inferred from past experiments that the blue
river clay was necessary for the manufacture of artificial cement, it would
be useful if Mr. King stated which kinds of clays he used answered best,
and what were their components. The attempts at artificial cement, made
here with the kankar reduced to powder, and treated by the German
process, failed to produce a strong cement.

The needful degree of heat may be obtained without bellows and with
wood for fuel, by using a flame-kiln composed of one circular shaft con-
taining the stuff, heated np by two opposite furnaces, whose flames would
converge in the axis of the shaft.

An casier way of making test-bricks is obtained by employing iron-
moulds in two pieces, and by using the following process of making béton.
The process consists, instead of reducing the natural cement, or the ordi-
nary mixture of lime and sirki, to the consistency of a paste, in mixing
with such cement or such mixture a weight of water equal to from 0-25
to 0-35 per cent. of its weight, the greatest proportion being used when
the atmosphere is the hottest and most dry. With overburnt artificial
cement like Portland, the proportion of water is much smaller (vide Gill-
more, para. 92).

The effect of this minimum quantity of water, which leaves the stuff in
an apparently incoherent state, is that—

1st. The ramming is done without any difficulty, no quicksand motion taking place.

2nd. No adhesion occurs between the bricks and the sides of the monld, which

mould can be removed at once and nsed for making more bricks.

8rd. The bricks can be gently handled and placed in water 24 hours after manu-

facture. Putting the bricks in water, or wetting them, immediately, or
too soon after manufacture, is injurious,

The mould ought to rest on a small flat piece of wood or platform
placed on a few inches of sand to check the vibration caused by ramming.
After removal of the mould, the brick resting on its platform is put in a
safe place. The test of bricks made by the above process gives the value

of cement or lime for béton.
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Almost all what is said before can be applied to the manufacture of
blocks of any size, and the process described above has been proved to be
remarkably suited to the manufacture of kankar béton. It was found,
however, that if the cement or lime employed was not mixed naturally
with a sufficient amount of clay, or artificially with a sufficient amount of
strki, or puzzolana, or sand, cracking would take place when immersion
of the sample is made after the usual interval of 24 hours. Therefore,
before using any stuff rich in carbonate of lime, it is advisable to make
a few little blocks or bricks as described, and with the lime mixed with
various proportions of sirki, or, for cheapness sake with good sand;
then a mean between the proportions which would give the smaller amount
of cracking and no cracking at all after immersion, would give very nearly
the proper proportion of lime to sirki or sand.

The proportions of water given for béton are actually in use on an ex-
tensive manufacture of kankar blocks for the Biri Dosb Canal; these
proportions give to the béton the greatest density, as being very nearly the
amount required chemically for hydration; the porosity caused by the
evaporation of the excess of water generally used and generally thought
to be necessary is eliminated.

A. N.

II. Review or prECEDING Rerorts, vy Tuomas Hicuay, Esq.,
Exgc. ENcINEER.

The value of any concrete depends so materially on the quality of the
lime employed, that it will be convenient to consider this question first,
and to note those parts of Mr. Nielly’s reports that refer to the manufac-
ture of lime.

The limes available in the 1st Division, Biri Dodb Canal, are the fat
stone lime procurable from Mémin near Pathdnkot, and kankar lime
procurable from various kankar deposits between Pathinkot and Batila.
The former makes an excellent mortar when mised with good sirki,
in the proportion of about 1to 15, but does not set readily under water.
1 understand that kankar lime was employed frecly during the constrac-
tion of the canal, and that it was used exclusively in at least three rapids;
but judging from the large stores of stone lime collected for the remodelling
works, and the fact that it had until lately been almost universally used
throughout the Division, it would appearto have grown out of favour before



158 KANKAR LIMES AND CEMENTS, BARI DOAB CANAL.

Mr. Nielly’s experiments were made. The reason of this, in the upper
part of the Division, was probably the comparative cheapness of stone lime,
and the very admirable mortar that it gives in composition with sirki
when not required to set under water. Lower down the conditions of
economy are reversed, and it is difficult to account for the scant degree in
which it was employed, except on the supposition that careless burning
and unscrupulons mixture of ashes and underburnt kanker had led to a
prejudice against it. Such a prejudice must have been permanently removed
by the excellent specimens obtained by Mr. Nielly from kankar lime, and
he deserves great credit for the care that he has bestowed on the selection
and burning of the kankar, and for the persistency with which he has
preferred the use of kankar to that of stone lime.  Attention is drawn
to the satisfactory result given by the usc of kankar lime in the repairs
of rapid No. 10, alluded toin Report D, in a position where stone lime
had constantly failed.

Mr. Nielly applies the name of cement to the kankar lime thus obtained,
In support of the term, he adduaces the authority of Vicat as covering
the application of the word to all limestones in which the percentage
of carbonate of lime varies from 73 1o 39 per cent—see Table 111,
Report C. This is a wide range, and certainly none of the limes hitherto
obtained can be called cements in the sense in which the word is used by
English Engineers. Rankine gives the percentage of carbonate of lime
in a natural cement at 41, and adds the practical test that it must harden
under water, s0 as to resist the pressure of the finger, in a few minutes.
As will be shown further on, the lime obtained does not fulfil this test,
and it seems to me a misleading term to apply tv materials that bear no
resemblance, either in point of tenacity or rapidity of setting, to what is
generally understood in England by the word cement. It is an eminently
hydraulic lime, but not a cement; and it will be, I think, convenient
to drop the use of the latter word.

In regard to the process of burning with vipla, Mr. Niclly states, in
Report B, that a kiln burnt with dpla and kankar, in the proportion of
2 to 1, resulted in an out-turn of 50 per cent. underburnt lime; but that
when he raised the proportion of Gpla to three times the bulk of kankar, the
underburnt portion was only 5 per cent. of the whole. In Report E, he
states that 2 cabic feet dpla to 1 of raw kankar suffice in the hot weather;
but that this should be raised to 24 cubic feet in the cold weather. In the
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2nd Division, where kankar lime is universally employed, the nsual pro-
portions are § to 1, and as a general rule not less than 2} should be em-
ployed, though of course the quantity must vary slightly with the com-
position of the kaukar employed. 'With washed kankar Mr. Nielly gives
3 to 34 as the proper proportion.

In the same Report E, it is stated that 150 cubic feet raw kankar are
required to produce 100 cubic feet lime. The result of manufacture on a
considerable scale at Kila Ldl Singh, to be referred to afterwards, shows
that nearly 160 cubic fect were used for every 100 feet of lime burnt.

The careful unloading of the kiln is a matter of great importance.
Mr. Nielly has the pieces of burnt kankar picked out by hand, and all under-
burnt pieces, ashes and fine stuff most carefully separated. The process
is rather laborious, but very necessary, and neglect of it is no doubt the
main cause of the inferior and worthless limes so frequently met with.

The grinding of the lime is effected cither by hand or by bullocks
working an edge stone. The machine would be too expensive except
for use in large works. A small grinding drum that could be worked
by coolies is now being made up at Madhopur, and will probably be an
improvement on the hand-pounding process.

It is desirable that the raw kankar should be washed before burning.
Where this is not done, the clay adhering to the kankar nodules is calcined
in the kiln into sirki. In kankars containing over 50 per cent. carbon-
ate of lime, this sdrki will not be very injurious, and it would perhaps
be preferable to leave the kankar unwashed on account of the expense
attending the washing process. The labour of washing would amount to
about Re. 1 per 100 cubic feet of kankar, or Re. 1-8 per 100 cubic fect
of lime; but in addition to this, there is the loss of material incurred by
washing, which may be taken at 17 per cent. Thus, when the kankar is
washed, nearly 200 cubic feet raw kankar will be required for 100 cubic
feet e, whereas 150 or 160 would suffice without washing. In kan-
kars that are very poor in carbonate of lime, washing would be desirable,
or a small portion of white lime might be added to the lime obtained
without washing. With the generality of kaukar, however, the addition of
white lime causes little or no improvement in the quality, (se¢ Report B.)

1 now come to the properties of the lime thus obtained. On the im-
portant point of hydraulicity, or rapidity of setting under water, Mr.
Nielly remarks in Report B, that the Batdla kankar lime, finely pound-
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ed, made into & thick paste, and thrown into water immediatly after being
made up into a ball, hardens so as to resist the penetration of a fine needle
after a fortnight, and that if it is allowed 20 hours’ setting before being
placed in water, it will after the 20 hours, if placed in water, resist the
penetration of the fine ncedle. Such a lime is excellent for hydraulic
purposes, but, as above remarked, cannot be called a cement.

Table IV. with Report C, gives the crushing weights per square
inch for a variety of specimens of kankar lime by itself and in combina-
tion with sand, kankar, broken bricks, or boulders, &e. A plain block of
kankar lime unrammed was crushed with a weight of 860 Ibs. after 38
days, but a specimen kept for 6 months broke under a weight of 1,488 s,
per square inch. Rammed specimens give much higher results, but the
table will speak for itself. The column showing percentage of absorption
of various specimens is intercsting and useful : this percentage varies from
4 to 11.

For making concrete, and indeed for all canal work, where the mortar
has to resist the wear and tear of running or falling water, rather than
dead weight of some heavy superincumbent structure, the tensile strength
of the specimens is of more importance than the resistance to crushing.
The tenacity of Batdla and Pathdnkot kankar lime has been only recent-
ly the subject of experiment. The results are given in Report F.

It will be seen that Batdla kankar one month old, has a mean tensile
resistance of G1 Ibs. per square inch, and that this increases to 82 lbs.
when the specimens are 12 months old. The Pathinkot kankar lime has
a resistance of only 27 Ibs. after 4 months. Portland cement has a
tenacity of from 300 to 3.0 Ibs. per square inch after 7 days, and even
Roman cement (with which Mr, Nielly compares the Batala lime) should
have a tenacity of 90 1bs. when 7 days old. No specimens have been
tried under & month old, but they would probably give a tenacity much
under €1 ibs., the result obtained with specimens of that age. On the
ground of low tenacity, therefore, as well as slowness of sotting in water,
the use of the word “cement” as applied to this lime is misleading and
inconvenicnt.

In regard to the cost of manufacture, the figures given in Report B,
and in Report E, may be passed over. Tho rates given arc to a certain
extent conjectural, and are based at least upon a limited experience, The
manufacture of concrete blocks has been recently commenced on a larger
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scalo, and the following are the details of expenditare incurred in burn-
ing nearly 8,000 cubic feet of lime ;:—

‘ BS. A. P, RS, A. P,

4,504 cuhic feet raw kankar, @ 5 12 Oper100c. ft. == 258 15 8
Loading kiln (4,504 cubic feet kankar), @1 3 1 » = 5313 8
11,107 cubic feet apla, @1l12 o ” = 194 511
Unloading kiln (2831'5 onbic feet cement), 1 8 0, s = 42 8 9
Grinding 28315 cubic feet, @1l 810 » = 4314 6
593 10 1

To this may be added, on account of mistri, mates, and other general
charges—Contingencies at 5 per cent, .

80 0 0

Total cost of 28315 cubic fect lime, = 623 10 * 1
equivalent to a rate of Rs. 22 per 100 cubic {cet. »

In the above the kankar is not washed. The cost of washing is a
little less than Re. 1 per 100 cubic feet of raw kankar, and the buolk
of the kankar would be reduced about 17 per cent. by the process, so that
5,427 cubic feet would be required, or 923 cubic feet more than when the
kankar is unwashed. Three cubic feet tpla instead of 24 will also be
required per cubic foot.

RS
The extra cost will, therefore, be $ more for upla = = 388 87

923 cubic feet raw kankar, at Rs. 5-12-0 per 100 ¢, ft., e = 05307
8,427 cubic feet kankar washing, st Re. 1, » e == 5427

194°3R
b

Total, .. 1461

which would bring the total cost up to Rs, 770, or about Rs. 26-3-0 per 100 c. {t. lime.
Let a == rate for raw kankar per 100
b=, foripla;
then the following formula will give approximate cost of the lime per 100 ¢. ft.—
If the kankar be washed, cost = 2a 4+ 50 47
» ,» unwashed ,, == 1Ta 4 420 4 6

The method and cost of burning kankar by wood fuel has hardly been
noticed by Mr. Nielly. It is, I think, generally more convenient and
economical to employ vipla; but it will be scen from Report F, that con-
crete specimens made with lime burnt with wood had a far higher tenacity
than when the lime was burnt with {pla, but the fact certainly requires
confirmation.

In conclusion of this part of the subject, I would call attegtion to the
analyses given in Reports C and F of different kankars. These analyses
have been conducted by a very handy and expeditious process. A known
weight of the specimen is pounded to powder, and treated with a solution

VUL, VI.~—SECOND RERIES. Y
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of nitric acid until all the carbonic acid is expelled. The quantity of
carbonate of lime in the specimen is found from the fact that one centi-
metre of acid combines with ‘05 gramme of carbonate of lime, Any
acid that may have been added in excess is neutralized by the addition
of caustic potash, of such a strength that one volume of caustic potash
will nentralize one volume of the acid. The quantity of caustic potash
used (in centimetres) is then deducted from the quantity of acid used,
and the balance shows the amount of acid that has combined with the
lime, from which the proportion of carbonate of lime can be accurately
ascertained. A specimen can be analysed in this way in about 10 min-
utes. The analysis of course shows only the proportion of carbonate of
lime ; but this is very useful in practice, as it will show whether the kan-
kar will yield a mere puzzolana, that will require to be mixed with fat
lime, or whether it will give a lime so rich as to require to be mixed with
surki. This can of course be determined by experiment after the lime is
burnt, but an analysis of ihis sort is particularly useful in ascertaining the
litnits of variation in the composition of the kankar in any particular local-
ity or bed. The apparatus required is excessively simple, and might with
advantage be more extensively employed.

The manufacture of concrete may now be considered independently of
the question of burning the lime. Report A is of little practical interest,
a8 it was for the most part written before any extensive experience had
been acquired. A statement is appended showing the composition of 17
different blocks, many of which had been placed under the falls and in
the rapids, and found to stand well. In many of these blocks, stone lime
was mixed with the kankar lime. The weight was about 186 Ibs. per
cubic foot.

Report B mentions two blocks made without mixture of stone lime,
which were capable of being carricd threc or four days after they had been
made, and which were found to weigh 143 and 145-5 the. per cubic foot.
Concrete of this weight may be regarded as very superior. ‘

The resistance of various specimens of concrete to crushing is given
in Table IV.

Report Q. Specimens III. and 1V., represent the common type of
concrete now manufactured, and give a resistance to erushing of upwards
of 2,000 fbs. per square inch 38 days after manufacture, 8plit boulders
as the principal material, sppear to give a better result than raw kankar,
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in the case of wet specimens, though the result is reversed when the
specimena are dry. The resistance obtained is more than double that
given by a hard brick.

Very few experiments have been made on the tenacity of conerete speci-
mens, the only information on this point being given in Report E.

When the lime was burnt with wood, a resistance of 106 ths. per square
inch was obtained after two months and 20 days; but when burnt with tupla
only 67 Ibs, per square inch. Another kankar used gave a resistance of
131 ths. A fuller report will be subsequently made on this point, when
proper apparatus has been made for testing specimens now awaiting trial.

A brief account of the method of manufacture is given in Report F
by Mr. Nielly. The salient points are—

That the kankar should be broken into picces that will pass through a §-inch mesh,
and well washed, It is a matter of primary importance that the kankar be washed free
of all adhering clay ; the object of breaking it up into small pieces is to facilitate the
washing, as it is impossible by mere washing to remove the clay from & large irregu-
larly shaped nodule.

Lime burnt with wood has given higher tensile resistance than when dpla-burnt
lime has been used ; but further experiments are necessary to establish this, and the
Gpla-burnt sets faster, and is, as & rule, cheaper.

An excessively small quantity of water is used, varying from 25 to 35 per cent. of
the weight of the lime employed. The small quantity of water used is the distinguish-
ing fenture of the blocks made by Mr. Nielly, and the mixture is so dry, that at first
sight it would seem impossible to secure cohesion ; but the blocks are of excellent
quality, and can be handled freely directly they are made.

Sand may bo uscd, if ground up with the lime ; but, with the ordivary kankar
limes, this is not advisable for works under water.

The proportions of lime and raw kankar are not stated by Mr. Nielly in
the note above referred to. In the blocks that are now being made up on
a large scale for the remodelling works, the proportions observed are two
measures of lime to three of raw kankar. This proportion gives excellent
results ; but, as 1 shall presently show, the quantity of lime used might
probably be diminished with advantage.

In regard to cost, I have the details of all expenditure incurred in
making up 4,000 cubic foet of concrete of above composition at Kila Ldl
Ringh. The blocks were for the most part 2° X 2 X 1, or 4 cubic feet
each, though there were a few closers made half size, or 2/ X 1" x 1.

To make the above 4,000 cubic feet concrete, 8,496 cubic feet kankar were
required.

Of this, 4,504 were burnt for lime, and 4,792 used as material for conerete,
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The 4,504 cubic feet bumt yielded, .. . 28315 cubic fect lime.
The 4,792 cubic fcet raw kankar yielded, .. 8977'5 when washed.

Total bulk of materials rammed, .. = 68090 cubic fect, to give 4,000
cubic feet of concrete, so that for 100 cubic feet concrete, 170 cubic feet of materials

are required.
Of this 170 cubic feet—
£, or 68 cubic feet, are lime, or say . .. . . 70
3,102 » or raw washed kankar, or .. .. 100

Bat for 100 cubic feet of washed kankar, 120 cubic feet of raw kankar are required,
Washing the kankar costs -9 rupee per 100 cubic feet unwashed,
Labour in mixing and ramming costs 4'3 rupees per 100 cubic feet of concrete.
When kankar for lime is burnt unwashed, the cost per 100 enbic feet
will be—
When @ = price of kankar per 100 cubic fect,
b=, of tpla »n on ”
Cost per 100 cubic feet of lime = 1'7a + 425 +4 b,
Hence for concrete—
70 cubic feet ime = *7 (1'7Ta 4 425 + 5) == 1'19a 4 294d 4 350

120 ,, , kankar == 1Za = 120
Wagshing =12 xX 9 = 108
Labour in ramming and mixing, . . . . 430

Total, .. 2:30a 4 29045 4 888
Contingencics at 5 per centy, .. 124 4 156 4 44

ey

Total cost per 100 cubie feet conerete, .. 251a 4 B08h + 932

‘When the kankar for lime is washed before burning, the cost of lime
per 100 is 2a 4 5b - 7, and the cost of concrete will be 2:78a + 3715
+ 10:92.

At Kila Lal Singh, the price of kankar was 534 rupees per 100, and
of Gpla 1-75 per 100.

_ Hence price of lime with kankar unwashed before burning should bew—

—_—

RS. A8, P.
174684442417 4+5 .. e = 21 6 10 per 100
The actual cost at this place was .. e o= 2110 9
And the price of concrete shonld be—
251 4 534 4309 X 1764982 .. = 28 2 1

The actual cost being .. .o v 28 21
The allowance for contingencics covers the expense of making moulds, ropairing
tools, &e.
The moulds are made of stout Likar planks, fastened together by iron
bolts.  The cost of each for the large blocks is Rs. 9, and for the small ones,

Re.5. |
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The proportion of lime to kankar employed above appears to me to be

more than is necessary.

COoncrete blocks of excellent quantity have been made up in the 2nd
Division with the proportion of lime to kankar as low as 1 to 3; and in
point of hardness at least they were certainly in no way iuferior to those
made by Mr. Nielly, it being difficult to make any marked irspression on
them by subjecting them to several blows with the edge of a phoura or
point of a pickaxe, after they had been made a few months. The blocks
referred {0 in Report B were of very excellent quality, and, judging {rom
their great density loave nothing to be desired : the proportions employed
were 1 lime to 2 kankar, The bulk of wmaterials employed to make four
cubic feet was 5} feet in one case, and 6} in the other. The latter pro-
portion would require only 160 cubic feet materials for 100 cubic feet
concrete, 'With the block made at Kila Lil Singh, 170 cubic feet were
used, and to be on the safe side, the proportion of 170 to 100 may be taken
as the ratio of consolidation. The cost with lime to kankar as 1 to 2
would be, with kankar unwashed before burning—

‘ 2:46a + 2525 + 880

1f the lime be washed before burning, it would be—
2:64a + 85 4 999,

The first of the above formule would give the cost at Kila Lél Singh
rates at Rs. 26-5-5 per 100, or nearly Rs. 2 cheaper than when the pro-
portion is 2 to 8.

But it is not on the mere score of economy that I would recommend
the use of less lime. Until tension bricks are made up with concretes
of various composition, it is difficult to say what proportion is best;
but it would seem natural to suppose that, so long as the lime is sufficient
to fill up all the interstices between the kankar nodules, the best stone, as
well as the cheapest, is that in which the lime bears the smallest propor-
tion to the kankar. The great density of blocks made by Mr. Nielly with
proportions of 1 to 2 shows that there can be but little porosity, and that
the lime used was sufficient.

* Mr, Niclly states that the larger proporticn of lime is necessary by
his dry process to secure perfect diffusion, but that if more water were
used, less Jime would suffice, as the fluid mortar would more readily fill
up al! interstices. This brings to me a consideration of the dry process,
which Mr. Nielly explains at length in his Note on Mr. King’s experi-
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ments (Report G). The comparative nltimate strength of concretes made
with different quantities of water has yet to be determined; but it seems
to me that if it is a necessity of the dry process that the block should
contain 40 per cent. of lime, it is a grave disadvantage, both on the score
of cost and strength. In addition to the specimen blocks originally
made by Mr. Palmer, blocks have been made up by hundreds in the 2nd
Division with only 25 per cent. of lime, and that well slushed with water ;
and thesc blocks are, to all appearances, in no respect inferior to those
made under the dry process. They canunot be turned over until they have
been made for 24 hours, but the sides of the mould can be removed imme-
diately after manufacture, the block remaining on its pallet, which can
however, be removed the next day. Thequality of the lime ordinarily used,
in the upper part at least of the 2nd Division, is in no way superior to that
used by Mer. Nielly, for the litue was burnt and the blocks manufactured
without the benetit of that close supervision that Mr. Nielly has at all times
given to such work,

In one respect only does the dry system seem to possess an advantage,
viz., in rapidity of setting: no Dlock made under the wet process could
be placed in a rapid or under a fall within three months after manu-
facture, whereas Mr. Niclly’s blocks can be so placed within a few days.
But while admitting the increased rapidity of setting, I must point out
that the ultimate strength of such blocks has not yet been proved superior
to those made with more water and less lime,

I do not at all underrate the great importance of making blocks that
harden immediatcly. The capacity of hastily making such blocks would
in many cases be a great gain, and there can be no doubt that all concrete
work put into falls during canal closures should be executed on the dry
system. Mr. Nielly's successful application of the system to the manu-
facture of kankar concrete is a real gain, and he deserves great credit for
the assiduous attention that he has paid to the subject, cspecially as his
practice in this matter of watering is at such utter variance with what has
hitherto prevailed in these parts. But the process having been now firmly
established, I think it a matter for consideration whether more water and
less lime might not with advantage be used in those cases in which blocks
are made up some months before they will be required for use, The ques-
tion of comparative streugth remains for experiment, but the comparative
economy of the older system is a matter of certainty.
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Mr. Nielly has also attempted the manufacture of artificial cement, and
references are made to the subject in his Reports D and F. In the former,
he states that he has obtained a cement showing a high degree of hydrau-
licity, but compares it with no standard. In the latter, the tenacity of
this cement is given when one year old at only 51 Ibs. per square inch,
which is much less than the ordinary Batdla kankar lime one month old,
which is given at 61 lbs. An apparently better result is obtained by
mixing it in equal parts with kankar lime, the tenacity in this case being
938 bs., but even 50, 82 Ms. has been obtained with kankar lime alone at
the same age.

The cost of this cement is given in Report E at Rs. 238 per 100, and
it is assumed that by the use of proper machinery on a large scale, it
might be manufactured at Rs. 50 per 100 ; but the data furnished for such
an assumption are very vague. Kankar like the Hoshidrpur tufa, said
to contain 88 per cent. of carbonate of lime, might possibly furnish a good
cement if combined with clay artificially, but the nccessary conditions for
making such a cement economically certainly do not exist on the Bdri
Dodb Canal, and the attention of experimentalists may be far more profit-
ably directed to improvement in the manufacture of lite from the excellent
kankars obtainable thronghout the whole length of the canal.

In conclusion, I wonld state that a lever has heen recently made up,
under which briquettes, or specimen dumb-bells of limes and concrete,
can be made up under a uniform pressure, which is a matter of great
importance in comparing specimens of different composition. These will
all be submitted to tests for tenacity—a test to which attention has only
recently been directed. The specimens will include some made of fresh
white lime and sdrki, the relative value of which to kankar lime awaits
determination, The white lime and sirki collected some time ago for
the remodelling works will also be tested, as it is important, before com-
mencing work, to be assured of thereal valve of the materials available.

T. I

I11. Nore sy Livr.-Coroner H. A. Browsrow, R.E., Svepe. Ever-
NeER, Urrer Bart Doas Cavan CiroLr.

Mr. Nielly's reports on limes and concretes are accompanied by an
admirable summary drawn up by Mr. Higham, Exec. Engineer of
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the Special Works Division. Mr. Higham's own remarks and sugges-
tions are very valuable, and I agree most fully with him.

Mr. Nielly deserves all eredit for the unfailing interest and attention
bestowed by him upon the subject of limes and mortars, for his persistent
advocacy of the value of the kankar limes to be found along the upper
portion of the Bsri Doib Canal, and for his successful manufacture of a
very superior concrete on principles diametrically opposed to those pre-
viously accepted on the sulject.

Mr. Higham’s remarks on the “wet” and “dry” processes of con-
crete-making, (in pages 165, 166) are very good.  The great advantages
of the dry system are rapidity of hardening and, I should say, greater
possibility of condensation; its disadvantages are its greater cost and
the greater amount of supervision required in manufacture.

The relative tenacities of concretes prepared under the two systems
have yet to be tested, and any marked superiority in this respect would

" weigh very heavily indeed in fuvour of the stronger.

Futuare repairs helow water-linc of masonry works on the canal ought
invariably to be executed with good, well cleaned and burnt kankar
lime, picked free from ashes and ground dry, no water being on any account
mixed with it until it is just being put into the work, Too much impor-
tance cannot be attached to the latter condition, as nothing is more coramon
than to see kankar lime being ground for hours in & common *¢ chaklki”
full of water, and sometimes even the lime of yesterday’s wet grinding
being chafed up for to-day’s work. All concrete laid down below water~
line during a canal closure should, as recommended by Mr. Higham, be
excecuted on the dry system of manufacture,

H. A. B,
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No. CCXXVI.

PRACTICAL NOTES ON THE CONSTRUCTION OF HILL
CARTROADS.
[ Vide Plate XXIV.]

By F. H. Asunvnst, Bsq,, 4ssoc. Inst. C.E., Assist. Engincer, Military
Works, Ranikhet.

[The following Notes are the resnlt of experience gained in carrying out orders
received from time to time iu the 1II Rainikbet Division, Military Works ]

I. Selection of Route.—This will, of course, depend so much on
local circumstance-, that few, if any, practical rules can bLe laid down, but
it will generally be found that one side of a hill is easier to work on than
the other, Thus, at Rdnikhet, the southern and western slopes are gene-
rally the steepest and most expensive for road making.

It will also be found desirable to go occasionally out of the direct
route, to pass near good building or camping ground, where there may
be a plentiful supply of water.

A camping ground will be required at least every 10 miles, which is a
long march in the hills.

If the ascent is steady, (without any ¢ give and take” in the gradients,)
7 miles will be fonnd quite long enough for a march.

II. Lining out, Gradients, &c.—In lining out the road, tio pegs
are required at each level-point, one driven down to the proposed cutting
line, and the other (abont six iuches from the first) standing some 2 feet
ont of the ground to mark the position of the level peg, which would other-
wise often be difficult to find.

These marking pegs should be coloured red, or some other distinct
colour, on either side of ravines, or other places where bridges or drainage-
culverta are to be built, tv show the excavators how tar they may go
without interfering with the foundation work for the bridges or culverts.

VOL, VI.-~SECOKD SERIES, z
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The steepest gradient advisable is 5 per 100, but sometimes as much as
7 per 100 will be found necessary for short distances. No loss of gra-
dient should be incurred if possible, except in giving 200 yards or so
of level, every now and then, as a rest for draught bullocks.

In giving the entting line, the pegs should be put down at a somewhat
less gradient than is actually required, as in cutting off corners the road
will be shortened.

For narrow roads the whole width required may be cut out of the hill-
side, but generally the outside of the road will be of made earth,

The average amount of solid cutting required to form a 12 feet road is
7 Jeet.

The average safe side slope of cutting may be taken at ¢ (horizontal)
to 1 (vertical).

The ruling gradient in setting out a first class road should be from 83§
to 4 per 100, which in cutting of corners and subsequent improvements,
will be found to work out to 5 per 100 in many places.

III. Cross Section.—The general rule on the Rémnugger and Réni-
khet cart road from the plains, is to make the road surface curved where
the height of outer retaining wall (if there is one) does not exceed 5 or
6 feet, and in all other places the entire surface to slope inwards with an
inclination somewhat greater than the longitudinal slope of the road,
The two cross sections are shown in Plate XXIV,

In Fig. 1, the full width of road is shown, viz., 20 feet, of which 2
feet is the width of parapet, and 2 feet also for the side drain, leaving
a clear widthof 16 feet for roadway. In wery difficult places on the
Rémnugger road, 11 feet clear roudway has been accepted, but as & genersl
rule, even for minor roads, nothing less than 12 feet clear shonld be
adopted, otherwise carts will damage the parapet, or go into the side
drain, With a narrow road, frequent passing places will be necessary.

For the curved sarface (Fig. 1), the highest point is one foot nearer
to the parapet than to the side drain, and it is a segment of a circle with
versed sine not less than 6 inches.

IV. Masonry Works.—In the Ranikhet Division, the stone is gener-
rally so flat-bedded, that all breast and retaining walls and culverts up
to 4 feet span are built of dry masonry. For b feet culverte and above
that, the stones must be arched and set in lime mortar. The clear width
of pucka bridges should be 12 feet between wheelguards,
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(1). Breast Walls.—These are very important, and if built directly the
earthwork is finished, will save & groat deal in maintenance by prevent-
ing slips, The thickness of course depends on the nature of the soil to
be protected or supported.

On the R{mnugger cart road, a thickness of 2 feet to 2§ feet at top,
with back vertical, and a face batter of 1 in 8, has generally been found
sufficient, though sometimes the face batter has been increased to 1 in 2,
and the top made 8 feet thick.

The height should be such as will reduce the slope of hill side to its
natural angle of repose, which has been found to average 8 feet above road
sarface. These walls are built of the largest procurable blocks of stone laid
dry, at right angles to the face batter, and with the longest side inwards.
As soon as the wall is finished, the slope above should be neatly dressed
and prepared for turfing, and catchwater drains cut at a safe distance from
top edge of slope, leading into the nearest ravines on either side.

(2). Retaining Walls to retuin the made earth on the outside of the
road and to carry the masonry parapet, are required along the whole
length of road, except where the slope of the hill side is very flat. The
nsual section in the Rénikhet Division isshown in Fig. 2. They are built,
like the breast walls, of dry coursed rubble in large blocks, with courses
at right angles to the face batter. The top is 2 feet thick, the back ver-
tical, and the face batter 1 in 4. In setting out these walls, which are
seldom straight for any length, the pegs should represent the back of the
wall, ns this being vertical, will give either the foundation or the parapet
insids line. Retaining walls give a good deal of trouble in maintenance,
a8 they are much more liable to fail in the rainy season than breast walls.

(8). Parapets.—Unless these are built of very large blocks of stone,
they are worse than useless, as the cartmen pull them to pieces to get
stone for their temporary chélahs on the march, They should average 2
feet wide and 2 feet high, and be built in 20 feet lengths, with 4 feet
openings for drainage and clearing slips. If only small stones are pro-

' ourable; the parapet should be covered with earth and turfed. This has a
pleasing appearance.

(4). Culverts or Scuppers for surface drainage will be required at
aversge intervals of 200 feet along the whole road, unless some bridge
across & ravine intervenes to carry off the drainage, or the hillside be
upable to stand the soour. The minimum sise for these cross drsins is
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shown on Fig. 2. The floor should slope not less than 1in 6, and &
catchpit 3 feet square, with Aoor one foot below floor of drain, should be
provided to catch the silt washed down the side drains. This oatchpit
must be lined with masonry, unless cut out of eolid rock.

(5). Causeways or Pavements are sometimes built for economy across
large ravines in place of bridges. The drop wall must be set in lime
mortar, and tho pavement should be of the largest procurable slabs, or
stones-on-edge pucka pointed. During fine weather these depressions
should be filled up level with the road, and during the rains great care
must be taken to prevent the rush of water from the ravine running
down the road instead of over the causeway.

V. 8ide drains, turfing, &c.—(1). The side drain should be 2 feet
wide at top, 1 foot at bottom, and 1 foot deep for roads 16 feet wide, or
more, but 14 feet wide by 9 inches deep is sufficient for a 12 feet road.

(2). Catchwater drains.—These are most important, and if cut as soon
a8 the earthwork is finished, they will prove most useful in preventing
slips. They should not be less than 3 feet wide by 2 feet deep, and should
be kept at a safe distance from the top of slope, and discharge into ravines
on either side.

(8). Turfing should be done during the rains, either by laying sods
of grass securely pegged down, or by leaping the surface with a mixture
of stiff clay and cowdung, to which a quantity of chopped diéb grass, quite
fresh, is added.

Turfing is rot only useful in preventing slips, but also adds very much
to the appearance of a road.

(4). Wieelguards are very necessary to protect dry stone parapets
and to keep cart wheels out of the side drain. They may bs either of
stone or wood. On the Rémnugger cart road, wood has been found to
snswer best. The posts (see Fig. 4) are 4 feet long, let 1} feet into the
ground, and the top neatly dressed, rounded and painted. They should
not be less than 8 inches diameter. ,

(5). Mile-stones.—On the Rémnugger and Rénikhet roads they are
of Agra sandstone, 2 inches thick, let into cutstone bases. Grest ocmre
should be exercised in selecting their positions, which should be sometimes
on the outside and sometimes on the inside of the road, and oceasionally it
will be found necessary to put the stone several feet from its correct posi--
tion in order to avoid treacherous ground. The stones are 2 feet 9 inches
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high sbove the masonry base by 1 foot 6 inches wide, let 1 foot 8 inches
into masonry base, and cost complete about Rs. 11-8 each.

(6). Metalling.—Only certain portions of a hill cart road will require
metalling, such as very clayey, or very sandy places. The metal is
obtained from boulders in ravines, or from veins of quartz in rock. The
gection of metalling used in the Rdnikhet Division is shown in Fig. 1.
The templates are made 74 inches high in middle, and 41 inches at sides and
12 feet wide, with a straight bottor.

It has been found necessary to have a 8 inch slope from centre to gides,
80 88 to keep the metalled surface dry in the rains.

The amount of clay mixed with the metalling to bind it is -inch over
the whole surface, (i. e, } of the stone) added in three equal portions to
the stone.

The roller should not be a very heavy one, as it has to be moved about
from place to place a great deal. A 34 feet diameter roller 3 feet long,
lately received from Roorkee, fur the Ranikhet roads, has answered admir-
ably. Its weight when empty is 30 maunds, and about double that when
foll of water. But rollers rather heavier than this are not inconvenient.

(7). Water supply.—Every perennial spring on the line of road shounid
be turned to good account, by leading the water info tanks on the road-
side. Two tanks are required at each spring, an upper one from which
purs water can be had for drinking, and a lower one for cattle. The tanks
on the Rémnugger road are built of pncka masonry lined with Portland
cement plaster. They are of any length convenient, and the cross sec-
tion is as shown in Fig. 5. The head of the spring should be carefully
protected by & fence, and trees planted if necessary inside this fence,

It will sometimes bo found necessary to bring water to the road froma
long distance. This can be done at first, by wooden troughs cut out of
small trees, to be afterwards replaced by masonry channels or iron pipes,

VI. Maintenance.—The expense of maintenance will depend in &
great measure on the amounnt of trouble and expense incurred in the ori-
ginal construction. Thus, a false economy in breast walls, catchwater
drains, &c., in first constraction, will involve great expense in maintenance.

For a well constructed road, a gang of 12 men with a mate should be
sufficient for 10 miles of road, as their only work will be to clear out
the drains and fill up ruts, but in the rainy season special gangs will be
required to clear slips. If the slips are numerous and heavy, these gangs
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will only be able to keep & minimurm width of road open for traflie, leaving
the larger portion of the slips to be cleared away when the rains are over,

One of the greatest difficulties in maintenance is to find quarries for
repairs to masonry works, as stone taken from above the road is apt to
cause slips, and from below the road the raising of large blocks bacomes

difficult.
All footpaths, or cattle tracks should have small bridges across the

side drain, which otLerwise quickly fills up.
VII. Rates.—(Rimnugger and Rénikhet Roads).

Ordipary earthwork, . .. == Rs. 2to 8 per 1,000 cubic feet.
Stony soil, .. . . . » 4086 , , "
Rock, +» . . . . » 61020, , "
Dry stone walling in breast and
retaining walls, &e¢,, .. .o
Digging side drains, . .
Dressing and finishing surface of
road, including certh parapet, ..
Small dry stone culverts, (2 feet to 4

it

w 3tod per 100 ,, "
»1-8tod , , running feet.

o

” 2 w 3 » ” ” ”
s 20 to 50 each.

i Ul

feet clear span,) .. .
Large dry stone culverts with long == ,, 100 to 200 each.
Jace walls,.. .
5 feet puckamasonry bridges, 12 feet == ,, 500 each.
clear width between wheclguards, = ,, 750 ,,
7} feet do. do. do.,
1 feet do. (finely cut masonry), = ,, 1,500,
NoTe.—Or, roughly speaking, Ra. 100 per fool of span from 5 feet to 2& feet

span.
For pucka masonry bridges from 25 up to 40 feet span, the cost is approxi-
mately Rs. 150 per foot of span.
Dressing and turfing tops of breast
walls, &c., .. . . .
Metalling, .. .. .o .e
The cost of a first class 12 feet cart
road recently made in Rénikhet,
with all masonry works of dry
stone and no metalling, and no
large bridges, .. . .
Foot paths, 3 feet wide, .. .
Bridle paths, nsed as feeders and
short cuts to cart road, 4 feet to
10 feet Wide. s .e s
The cart road throngh Rénikhet Ba-
zaar, 24 feet wide, and dry masonry
works only, (over easy ground),.. == ,, 90 per 400 running feet.

Rs. 0-8-0 to 1-8 per 100 square feet.
»y 6-8-0t09 , , cubic fest.

i

» 50 per 100 ranning feet.
1» 0-8-0 to 1 per 100 running feet.

it

i

,,2%10]}0!100 » ”
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" Stone-on-edge drain, 2 feet wide (for
flooring of acnppers, &c.,. . .+ == Rs, 0-2-0 per 100 ranning feet.,
Wheelguard posts, dressed, painted,
and fixed, complete, . e = , 0-2-0each.
The total cost of the 56 miles of cart road from Rémnugger to Rénikhiet
will be approximately as follows :—

(1) Actual cost of 16 feet road (clear width), including
pucka masonry bridges, dry stone culverts, metal-
ling certain portions, as well as two 1s¢ elass and RS.
two 2nd class Inspection Bungalows, &c., e = 6,91,732
(2). Sanctioned Estimate for two large Suspension
Bridges over the River Kosi, with spans of 292 feet

% 212 feet, respectively, (not yet commenced,) = 3,14,636
(3). Probable additional outlay requisite to make the
road suitable for fust traffic (say), e = 50,000

Grand Total, ..  10,56,368

or, Ra. 18,860 per mile (for 56 miles).

VIII. General Remarks.—Cuttings should always be avoided if
possible, as they are very troublesome to keep in order. They should
slways have a curved roadway with drain on each side, and catchwater
drains above.

Neat and regular curves in side slopes, drains and parapets, will add very
much to the appearance of a road.

At sharp corners, the slope of hill side should be as flat as possible, so
that one may see round to the other side.

As excavators, Cabulis will be found to be the neatest and qunickest
workmen for earthwork, and they have generally accurate eyes for gradients
and slopes.

In building culverts over ravines, the natural slope of the water-course
should not be interfered with.

In filling in behind dry stone walls of any great height, only stone rab-
bish should be used ; clay will swell if it gets wet, and throw the wall down.

In setting out a hill cart road from the plains, it is most important to
get out of the low lying valleys as rapidly as possible,

As soon as a good approach from the plains has been secured, the road
should ascend to 4,000 feet above sea level, without losing any distance,
a8 any height below this will be within the influence of malaria at certain
seasons of the year,

 12¢h September, 187%. F. H A.
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No. CCXXVIL

NATIVE LATRINES AND POUDRETTE.
[ Vide Plates XXV., XXVI. and XXVIL]

By a District Engineer.

Tais unsavoury subject has an economic aspect which makes its consi-
deration a matter of much consequence. The effective and remunerative
disposal of sewage is, in Europe, the question of the day, and is exer-
cising the minds of the ablest Chemists and Engineers, In India gene-
rally the subject has been but little considered. There is & vast amount
of apathy, prejudice, and ignorance to be overcome before the natives of
this country will adopt the system of the Chinese and Japanese, of which
an account will follow.* Even European countries have only very re-
cently awoke to the fact, that the usages of the seancient nations are in
strict accord with the principles of scientific agriculture. We must,
therefore, not be impatient if the Indian ryot declines, without any very
visible demonstration of its truth, to accept our views of the matter.
Manicipal Corporations, Military Cantonment Committees, and their
Engineers, should, on these subjects, be the practical educators of the
people.t

1t is proposed here to place on record three types of Native Latrines,
which have recently been designed and erected, and to note certain facts
regarding poudrette, which ought to be widely known. The three types
are—

I. Latrine for 8 persons, in which the evacuatxons are united.  (Cir-

culated by Local Government).

* Quite an unique case of tho employment of refuss as manure by the Kachies of Marokhebad
is most, interestingly described by K. C. Buck, Ewy., B.C.6, in the Agricultursl Gumwl !adu
4 Dr. Cornjsk, fanitary Commiasioner, Madras, .
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II. Latrine for 14 persons, in which the alvine and renal exereta are

. separated. (Circulated by Local Government).

III. Latrine for 16 persous, (10 males and ¢ females,) which com-

bines the manufacture of poudrette.* (Introduced in a certain
Hill District).

L Latrineinwhichtheevaruations arcunited, (vide Plate XX V. )—Here
the whole of each individusls defrecation is received in a large pan, covered
with earth by the sweeper, and removed when necessary. It should have
afront screen wall,  This design is so simple as to need no further remark.

II. Latrine in which the alvine and renal excreta are separated,
(vide Plate XXVL)—In this design each native squats over the line of
Jjunction of two inclined planes, sloping away from him to the front and rear,
down which the substances voided pass.  The facal matter falls back into
a paved space, from whence it is removed by the sweeper, The urine
flows into a channelin front leading to a well, in which is placed a tub to
eatch it. The separation of the solids and liguids is said to dimiuish the
quantity of earth or ash used as a dendorizer, and to facilitate removal :
but Mr. Molesworth cousiders that the disadvantages of separation out-
weigh its advantages, and that a liberal supply of carth gives more satis-
factory results.t The Local Sanitary Commissioner states that this latrine
in practice works better than any other form of latrine for natives with
which he is acquainted, The following is the very interesting official
Report which accompanies this admirable design :—

The latrine has been designed to suit the habits of the Native population of both
sexes ; it admits of their using the building and washing, as is most nataral to them,
out of doors, while the most modern improvements for deodovization and cleanly
removal of solid and Hquid freeal matter have not been tost sight of.

No arrangements have been made in or near the building for the manufacture of
pondrette ; however, vats and sheds for the pnrpose conld easily be previded in loeal-
ities where poudrette is in such demaud as to offer any chance of revenue therefrom.

The area covered by the building is 750 syuare feet; it is caleulated to afford
accommodation for 14 persons at one time.  The bailding containg—

One central sweepers® passage 35 feet X 8 feet 3 two sets of Iutrines, each contain-
ing 7 compartments 3 feet X 3 feet, with passages of approach 8 feet in width,

. Each compurtment is provided with u raired platform 10 inches in height, with
central trough 9 inches in width, and from ¢ inches to 10 inches in depth, with slight
inclings in front to admit of the free flow of urine to a drain Jeading to tubs placed
outside to receive it, and in vear for the easy removal of the earth-covered fwmces by
the aweepers to the central passage,

_* Poudretle, 6 French word meaning * dessicated night soil.”

t Vide Indian Engincering, {(Flrst Serios, 1870,) Vol. V1I., page 340. ‘

VOL. VI.—8KCOND SBERIES, 24
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Fonr earth bins, each containing 25 cobic fect, are placed o as to be accessible Lo
the sweepers from their pussage, or to persons using the latrine. Each bin to be pro-
vided with an earth-scoop to lift about 1 Ih. of carth.

Two iron tubs for the reception of urine, and two wooden tubs with covers for its
removal are provided. The requisite tools are provided for the sweepers,

The entrances are all sercened, and at cach end an easily aecessible cistern to con-
tain 32 gullons of water is provided, while the building, though well sheltored from
rain, is thoroughly ventilated.

The mixture of asphalte and tar to be nsed on the floor, trenches, compartments,
and all walls to a height of 3 feet all ronnd iuside, soou becomes indurated, and thus
can be easily washed when necessary.

The cost of repainting all troughs and drsins with this mixtare once mouthly is
included in that named for conservancy,

In the conservaney of the latrine, earth abont one inch in depth is placed by the
sweeper on the rear incline of the trongh ; when used the fwoces is covered with
earth by the sweeper, und when necessury removed down the incline with a wooden
rake into the sweepers’ passage, where, if reguisite, more carth 18 mixed with it, and
the whole at certain times during the day carted away, The urine tubs are also ye-
moved when necessary by the same earts to the poudrette depit. : .

As it may be useful tostate the work required to be done, and the establishmeng -
necessary to work these latrines successfully, the following pote is appended —

From the data obtainable on the suhjeet published in various Proceedings of Gove
ernment from time to time sinee 1%5%, 8 Hs.* of dry earth is decined sufficient for
the perfect deodorization of the daily Aefadation of un adult which equals & ozs, of
solid and 10 ozs.f of fluid exereta, or nearly 1ih 4 To this, however, has, in the
case of natives, to be added about one pint of water used for ablutiovary purposes,
to absorb which at least 1 or 2 s, more of earth are reynired. To supply so great
a quantity of dry earth snd remove the poudrette, has been one of the chief difficul-
tics in currying out the dry earth systew in larrines constructed for the use of uatives ;
thus with the view of economizing the quantity of carth to be supplied, and reducing
the mass (o be removed daily, the latrine now designed is o arranged that the solid
freees alone is deodorized in «ilw, while the Jess offensive fluid excreta and water are
received into receptacles conscniently placed fur the purpose, and finally reroved
separately to the poudrette depdt.

Allowing for waste awd the perfect cleanly removal of the solid matter, the quan-
tity of carth wsed in these calculations is 1) ths. per head. The earth bins to be
constrieted are to contain 100 cubie feet of carth, 7,000 M. in weight, or sufficient
for say 4,600 persons. Taking the time that the latrines will be mostly nsed as five
hours in the morning and three in the evening, and each jerson oceupying & cons
partment for from 10 to 15 minutes, the number of persons the latrine of 14 com-
partments is capable of accommodating daily is gay 500, and the supply of earth’
would be safficient for more than a week.

But, practically, take 100 cubic feet of earth as requiring to be supplied once
weckly, 64 gallons of water daily, and 500 ths. of excreta plus 750 s, of earth, and

* Suraly this is double what is needed.

t Burely these are mistakes- ~46 oz8, of fluid excreta, and 50 oze. in Bl wonld be nesrer the mark.
Baldwin Latham gives 2] vzs, of froces, and 30} ozs, of uripe—in oll 39 oz per diem of o mixed
population.
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600 5. of water, or 1,850 Ms. of solid and fluid matter will have to be removed
daily to the pondrette depit, to an average distance of one-and-a-half miles, which
would place the depdt ontside most cantonments. One cart could easily make four
trips a day to this distance, and thus one cart would be sufficient to meet the require-
ments of two latrines at & moderate distance apart, and once at least daily might
supply when retnrning one load of fresh earth, and keep up the supply of this mate-
rial without difficulty or extra cost, while two men sweepers would be ample to at-
teud to the latrine. The cost of this establisnment would probably be as fullows :—

R8s,

Half cart-hire for onc cart, at Rs. 80 per menscm, W 15
“¥'wo men sweepers, al Rs. 6 each, e .13
Tar mixture for troughs, draius, sweepers, pi\bsuge tubs, &r 4
Total, 31

or about 1 anna per head per mensem for 500 persons.

The Bpecitication will be found at the end of the article.

IIL  Latrine combining the manufucture of poudrette—This latrine is
on the dry earth system, earth and sifted ash of various kinds being used
as deodorizers. It is essential that the carth be used dry, to effect which
it i placed in a bin with a shding cover. A shed for the storage of the
poudrette is also provided. The latrine is so arranged, that each indivi-
duals’ feces are caught in a bucket with a broad projecting rim at its back
and sides, the urine passing either into the bucket cr falling in front of
the saats inlo o channel on the 7nner floor, which leads with a sufficient
fall to the poudrette vat. Oceasionally dry earth is thrown by the sweeper
into the buckets over the maiter they contain, and the buckets are re-
moved, emptied into the vat, cleansed at the outer floor, and (tHeir bot-
toms having been covered with some carth) are replaced in the latrine.
In the vat, which is first partially filled with earth, the fwces and urine are
daily mixed with a sufficiency of the dry ash, and then worked up with
rakes, spades or other implements into poudrette, which again is covered
with & coating of ash ready to receive the next supply. The mixing
must be done in detail ; not a great heap of excretal matters and then a
large quantity of earth, but a little earth must be added every time the
excrotal matters are increased. Within the Jatrine a small dipping cistern
is provided, through which a streamn of water always flows along the outer
floor of the latrine. This stream being led by pipes clear of the latrine,
does not fall into the vat. The frequenters of the latrine are to be en-
couraged to wash themselves in this part of the latrine, so that the water
they use may not pass into the vat. The men's purtion of the latrine has
also 12 urinals, each being screened, the liquid flowing down into the vat.
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When the mixture in the val has become thoroughly deodorized and
the vat is full, the poudrette is taken out and thrown into the covered
shed which has a paved floor sloping towards the latrine, Between the
two there ic a small well with movable id and bueket, into which the
moisture from the poudrette as it dries in the shed drains, the bucket
being occasionally emptied into the vat. 1t takes no long time for the
moisture to evaporate from the mixture stored in the shed. When this
occurs, the compost becomes as odourless as common earth, and no excreta
whatever can be detected in it, all extraneous matter such as even paper
disappearing also, and, so long as it is kept dry, this earth mould remains
quite inodorous. The poudrette can be kept in the shed until it is full,
when the whole can be sold by auction. It ought to fetch at least Ras. 20
per ton. It has been found that 1 Ib. of dry ash will deodorize 2§ ths. of
excreta, from 13 to 2 Ihs. of dry earth being required to combine with each
individuals defaedation. Almost any kind of earth will do except sand and
chalk. Itis often possible to cinploy the same earth repeatedly, if desired,
so long as the one essential—dryness—is observed. It will thus be seen
that both the alviue and renal excreta are caught and made into poundrette,
little or mo water being allowed to mingle with them ; hence no valuable
manure constituent is lust. The design illustrated has been constructed in
two localities near a weekly market and Cantomment bazasr with marked
success, the ready access to water for ablutionary purposes having been
greatly appreciated. DBut every case must be carefully considered with all
its attendant particulara: one general design can never without modifica-
tion be universally applicable. In one of the places where this design
was erected, it paid back its entire cost after deducting all working ex-
penses and repairs in three yoars.*

® The following quetation, from the inspection notes of a Sanitary Commissioner, will forcibly
show how grestly :n soine places IRirines ara neglected. * Timpelled by o strong sense of duty T
inspected the latrine in question and even penctrated to its extremest end. 1 was rewarded by find-
ing an explavation for the fact, thut the townspeople prefer to dut their fincal deposita all over the
ground surrounding the latrine, rather than enter its awful gloom, The door s so narrow thata
stout banniah might experience difficulty in entering.  Escaping s plunge ankle deep into deposits
made by some persons who had consetentionsly striven hard to comply with the desire of the Muni-
cipulity, but had been unable to pet beynnd the entrance, I penetrated into the building. It was
dark, unvestilsted, and abominably offensive, At tho far end to save appenrances was a dry carth
box ; but there was no evidence ocular or nasal of the ewployment of any deodorant within & recent
period. No sweeper was in attendance. Outside, a wooden box with iron 1d hed been constracted
10 receive the poudrette from the latrine, but {t was empty : and one ingrediont at least of poudrette
remsined within the latrine and ground it. It is not possible to blame-* very justly obwerves the
Commiasioner "—atill less to prosecute nativee for declining to worship in such & temple of Oloacing
a3 this, aud until 1t is improved, any open gpace in the neighbourhuod witl be preferved.”
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Tn Burops, if blood be incorporsted with clay 5o as to make a kind of
paste the mass, instead of putrefying and becoming offensive, may be
kept in summer at a temperature of 80° to 84° Fahr. for more than a
fortnight, withont giving the slightest sign of smell. The above fact
suggests an economy and improvemont of the value of the poudrette
manare by the blood and other refuse from the town abattoirs, and the
crushed bone énd other rubbish, both animal and vegetable, from the town
swoepings being mingled with the compost. In the Coimbatore District
of the Madras Presidency, all the vegetable refuse daily swept from the
glreets is burnt to ashes in cinerators attached to each latrine, and the
ashes are used to hasten the dessication of the solids and liquids, and to
aid in forming the poudrette. Two samples of poudrette obtained from
a latrine of the above kind mixed with crushed bone and blood were
examined by two independent chemists at two separate periods, with the
following results :—

Sample examined in 1878,
100 parts after drying contained organic matter, .o .. 2268
. » » mineral matter, .e e TT87

e )

10000

The following substances were found in 100 parts of the manure after
drying s
Hone earth, e ae .- . . . 1028
Ammonic sulphate, P 2 ¥ 4
Potassic carbonate, . e . . . e 434
and its value was estimated at £5 per ton.
Sample examined in 1874,
Otie hundred parts of the manuye as received yielded—

ww’ ve L X o«n e -8 .. .. . 9‘2
D’W“ mm’ “n e .0 se e s ae 20:06
Mineral mater, .. .. .. .. .. .. .. 1074

10000

The following substances were found in 100 parts of the uadried
mmo:m
W’ e L] [T} 'Y X X e ve 1'50

t( ‘Mmm e (Y] (XY . ve (X ’M
gmm 8 4; . . *e de l“l %
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One hundred parts of the same manure dried at 100° Cent. yielded—

Qrganic matter, .. . . . . . . 22028
Miueral matter, .. . . . . . e 17972
. : N 100000

And the following substances were found in 100 parts of the dried
manure—

Ammonia, .. . . . . o . . 165
Phosphoric acid, .. . . . o . . 291
Potassium chloride, . oo . ve . . 213

We hence obscrve, how out of a community of human beings, all the
- waste products which in themsclves are offensive and worthless, and have
at all costs to be removed, can not only be disinfected, but converted into
inocuous substances of sufficient value to yield a return in money much more
than safficient to pay for the means by which their conversion is effected.
It will here be useful to note certain facts relating to this subject, which
are of sufficient importance to claim the attention of Indian Engineers.
The human hody takes in the following :—

Food solid and liguid, containing in all 75 per cent. of water, 74:40
Oxygen tuken iu by the langs, .. . .. . .o 2560

10000

The above it gives out as follows . —
Water perspired by the lungs and skin, .. . . o 8480
Curbouic acid, . . e . . . . 3020
FEvacuations solid and ligmid, .. .. . . w3450
Other losses, .. . . . .. .. . 050

st

100-00

Thus the excrements are mainly derived from food. In his daily
bread, man consumes the ash constituents of the grain from the flour of
which bread is made : in meat he consumes the ash constituents of ﬂésh.
Chemical analysis demonstrates that the excrements of man coutsin the
ash constituents of bread and flesh, very nearly in the same quéntitj a8
they exist in the food, which in the body undergoes a change similar to.
that which would take place in a furnace. The urine contains the solubls,
the faces the insoluble ash constituents of food, the stinking mhnbnces
being the smoke and sort of an xmperfact combustion,* : :
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' Human nrine consista in 1,000 parts of—

Watar, .. ve . o0 e . . . 932
Urea and other organic matters containing nitrogen, . 49
Phosphates of ammonia, soda, lime and magnesia, . 6
Salphates of sofe and ammonia, .. . . .- 7
Sal ammoniac and common salt, . . . . 6

1000

1,000 bs. of urine, therefore containg 68 lbs. of dry fertilizing matter of
the richest quality, worth in England, at least 10 shillings a cwt. Again,
human urine contains as above 0-6 per cent. of phosphates, which are of
great value as fertilizers. These are entirely absent from the urine of all
other animals. The urine of two men is considered in England snfficient
to mamure an acre of land. Each full grown human being voids in a
year at least one-twentieth of a ton of facal matter, and more than
1,000 bs. of urine. The average amonnt of annonia voided annually
by an individual of a mixed populatiou of both sexes and sll ages is in
urine 1132 Ms,, in faces 1°G4 tbs.; total 12:96 Ihs.: and the estimated
money value of the total constitaents is in urine 7s. 3d., in fwces 15, 24d.;
total 82, 53d. * Thus we see that the amount of valuable matter con-
tained in the urine in the 24 hours is considerably greater than that
contained in the fweces in the 24 hours. Weight for weight, the freces
are more valuable than the urine, but the total fieces are much less valua-
ble than the total urine.

~ 1t thus appears that night soil is the most valualle of all apimal ma-
nures. It varies in richness with the food consumed by the persons. In
some of the towns of Central Kurope this fact is so well known, that
where a mixed population of Protestants and Roman Catholics live
together, the neighbouring farmers give a larger price for the house dung
of the.Protestant families. In Dersia, the night soil of the Russian fami-
lies i8, for a similar reason, preferred to that of the less flesh eating
Mahomedans,

. Poudrette to be sold as manure should cousist sitaply of the dessicated
excraments of man made into a transportable form with the ammonis,
mtrogen, and other volatile substances fixed in it. Certain substances
(B“Ch 88 ash, peat, saw dust vegetable soil and earth, generally) are added
to maka it drier and mors convenient for removal. All addltlons of the

x

) '..Mm.
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kind of course diminish the percentage of effective food elements, and
increase the cost of transport. They should, therefore, be reduced to a
minimum. The use of disinfectants in no way deprives the pondrette
of any of its fertilizing virtues, as the following example will show. Bome
years ago, orders were issued by the authorities of the German town of
Carlsruhe to disinfect the pits containing the poudrette with sulphate of
iron before emptying them. The farmers who were in the practice of
purcharing the poudrette took alarm, and at first refused to bny the disin-
fected article. But in time they found there was no canse for fear, and
the disinfected dung soon commanded as high a price as the article in its
purer state.

In Paris, Berlin, and other large Continental cities, pondrette is exten-
sively prepared and exported in casks to other parts of the country. It
ig said tu equal in efficacy 30 tines its bulk of horse or street manure,
and is applied at the rate of from 15 to 35 bushels per acre.* In Lon~
don, Edinburgh and Glasgow, night soil is dried with various admixtures
into animalised charcoal. At Rochdale (England) the excreta are manu-
factured into a portable manure at a cost of 14 shillings a ton; this
manure commands a ready sale at 15 shillings a ton.  Near Nice, poudrette
is extensively put to orange trees and sceuted flower trees, and to other
things which require a rich manure. At the Broadmoor Lunatic Asylum,
at various Euglish Schools and Jails, and at the annunal camp at Wimble-
don, the dry earth system of latrines has been tried with success and pro-
fit. In China, night soil is kneaded with clay into cakes, which are dried
in the air and under the name of tufo, form an important siticle of ex-
port from sll large cities of that empire. In Persia, it is dried in the sun
and reduced to powder: mixed with twice its bulk of dry soil, it is then
uged for raising the finest melons,

In Germany, some most interesting and suggestive facts have been
recorded by Leibig. In the Rastadt fortress and Baden barracks, the
privies are so constracted, that the seats open through wide funnels into
casks fixed upon carts.f Dy this meaus the whole of the alvine and

* In Parls, large cesspools, which take & year to fill, actually exist under each honss, ‘They are
provided with ventilating rbafts, nud ate emptied, when nearly full, by means of «arts in which
& partiul vacunm is first creatod, so that when the hose connects the cart with the césspool, the
sel-liguid staff rives up and fils the toansau. Tho emptying of these pite {s sald to be o Jeartul

nuisunce. .
t Pide 1ndian Engineering, (First Serfos, 1870,) Vol. VII,, page 839,
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renal excreta are collected without any loss. When the casks are full
they are re-placed by empty ones. A cart complete costs £10, and lasts
5 years. The Army Administration in Baden in 1856 and 1857, (when
the system was begun,) expended £370 on carts and casks. This sum
was speedily repaid Sut of the proceeds of the manure. The collective
nuruber of the troops around Baden averaged 8,000 men. The receipts
from manure sold in seven years averaged £500 per anpum.* The
annual cost of maintenance, repair of carts, &c., was £60. The food of
the soldier in Baden consists chiefly of bread and of certain daily rations
of meat and vegetables. Each soldier consumes 2 tbs. of bread, and there
are 8,000 soldiers in all. Assuming, that 1} s. of corn produce 2 ibs. of
bread, the excremeuts of the soldiers in the Grand Duchy of Baden give
annually the ash constituents required for the production of 39,055 cwts.
of corn. The peasants around Rastadt and the other garrison towns,
having found out by experience the powerful fertilizing effecis of these ex-
crements on their fields, pay for cvery full cask a certain sum, (annually
increasing,) which has long since not only repaid the original outlay and
covered the annual cost of maintenance, vepairs, and working, but has left
s handsome profit to the Military Department. The results of the
use of poudrette in these districts are most remarkable. Sandy wastes
around Rastadt and Carlsruhe have been turned into smiling cornfields of
great fertility.

Human excrement in the form of manure is extensively used in Japan
in & very wholesale and extraordinary manner, For, Japan is a country
without a single head of cattle, without guano, bones, saltpetre or rape-
cake. The only manure producer in Japan is man. In each house even
of the poorest peasant, the privy—in the shape of a very clean neat cabi-
net nicely papered, occupias a position in the interior of the dwelling, out
of the way of wind and rain. In this closet there is no seat but a hole
through which the evacuations fall into a bucket or tub (often of earthen-
ware) with projecting ears, through which a pole can be passed to carry the'
vessel. In eome instances a layer of chopped straw is placed at the bot-
tom of the vossel and sprinkled over the evacuations. As soon as the
vessel is full, it is taken out and emptied into a larger vessel placed either
in the onter yard or in the adjoining field. These vessels are large casks

* At Griningen the yearly profit by the sale of poudreite amounts Lo £1,600, at Antwerp to
£2,700, and at Ostend to £700,

VOL. Vi~—~B8ECOND BERIES. “ 2s
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or enormous stoneware jars of a capacity of 12 cubic feet, let into the
ground nearly to the brim. In these the poudrette is prepared. The
excrements are diluted with water, (no other addition of any kind being
made to them,) and are stirred until the entire mass is worked into a
homogeneous pulp. Iu rainy weather the vessel is covered with a move-
able roof to shield it from the rain: in dry weather this covering is re-
moved to admit the action of sun and wind. The solid ingredients of
this mixture gradunally subside and fermentation sets in, the water evapora-
ting. By this time the privy pan is ready to be re-emptied. A fresh
quantity of water is added, the whole mass is again stirred, and so the
process goes on until the large cask is full. When this occurs, after the
whole has been thoroughly wixed up, the mass is left for two or three weeks,
when it is used in the adjoining fields with an addition of water in a liquid
state. Under no ecircumstances is the manure used in its fresh state.
The Japanese leaves the ammonia to be decomposed by the sun and
volatilized by the wind, but takes the greatest care to shield the solid
ingredients from being wasted or swept away by rain. To show how
greatly the Japanese appreciate the value of this human manure, which
can hardly be called poudrette, it may be stated that wherever his field is
bordered by public roads or footpaths, he places casks or pots buried in
the ground nearly to the rim, and urgently requests the travelling public to
make use of the same! And so well is this call responded to, that a
German traveller of repute, in all his extensive wanderings through the
country even in the most remote valleys and in the homesteads and cot-
tages of the poorest peasantry, never discovered the least trace of human
excrement. In many parts of Japan also caravans of pack horses, which
have brought manufactured articles a distance of two or three hundred
miles from the interior to the Provincial capital, are sent home again
freighted with buckets of manure in a dry solid state. And in other
parts where water carriage is available, thousands of boats may be seen
early every morning laden with high heaps of buckets full of the precious
stuff, which they carry by means of canals from the cities to the country,
these boats coming and going with the regularity of the post!! But
this is not all. In the evening long strings of coolies are met with on
the road, who having in the morning carried the produce of the country
to the town, are returning home each with two buckets of manure, not in
a eolid and concentrated form, but fresk from the privies !!! ‘The result of
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all this systematic annnal manuring of the soil in Japan is, that the lands
have yielded, in constant succession without intermission for thousands
of years, good average crops. And the Japanese empire, which occupies
an area equal 1o that of great Britain and Ireland though it contains a
larger number of inbabitants, not only maintains them without any sup-
ply of food from other parts, but actually exports no inconsiderable quan-
tities of food to other Countries; whereas, as is well known, ¥ngland is
compelled to import corn from foreign countries to the extent of many
millions of tons per annum.

In India, some experience has been gained regarding the practical
application and economic value of poudrette, which may be in conclusion
noted here. It has been found that if the excreta are allowed some ten
months to assimilate with the soil, any crop should flourish in ground
manured with poudrette. Much depends on the chemical composition of
the dry earth used to form the manure. At Oomracti and Sheagaum, pou-
drette was tried on cotton lands with little or no result : this was attri-
buted to the pulverized moorum and wood ashes which were separately
used as deodorizers. Poudrette made with dried pulverized clay was very
effective on strong coarse crops, such as sugarcane, jowar, sorghum, Indian
carn, melons, cabbages, &c. The market gardeners at Fatehgarh hare
worked the pure night soil into their lands very effectually, and have raised
three successive crops (Indian corn, potatoes and tobacco) a year on the
same land. Poudrette mixed with other manure is very generally used at
Bangalore, and is there well known and highly appreciated as a valnable fer-
tilizer, At Akola, experiments showed that the outturn on land manured
with poudrette at the rate of one ton per acre was 72 ths. of clean cotton
per acre, while land manured with bones yielded 99 ibs., and that with
farm yard manure 77 ths., unmanured land producing 26 ths. The only
obstacle to the speedy introduction of poudrette as s manure amongst the
cultivators of Akola is their caste. They, however,acknowledge its excel-
lence as a manure, but say, that if a field is manured with it, and there
happens to be a scarcity of rain, the plant will burn up through the heating
qualities of the poudrette, but that with an ample rainfall the manure is
excellent, At Oomraoti, an acre of land deeply ploughed and manured
with poudrette produced 101 ths, of clean Hingunghat cotton, against an
outturn of 25 Ibs. from unmanured land.

From experiments in Berar, it appeared that it was far better to plough



188 NATIVE LATRINES AND POUDRETTE,

the poudrette deep under the soil for cotton, than to put it on as a top
dressing. It was found to be in a great degree beneficial when coming in
contact with the roots of plants. In the Hyderabad (Deccan) Jails, it
proved an excellent manure when used sparingly or in a very stale state :
large quantities of it used fresh coused the vegetables to burn up. The
gardeners of Sind, who are Banias, are well acquainted with the nse of
poudrette; but the Mahomedans do not employ it. When used, it is
sprinkled over the surface of the ground and applied to the roots of valuable
plants, such as bang, tobacco and safron. In Surat and in Nasick, night
soil mixed with ashes is sold to Hindu cultivators, who use it without the
least prejudice. The health officer in Bombay reports, that he made “in-~
¢ the rudest manner a manure by mixing fresh night soil in a pit with the
“ashes of burnt town sweepings, and then spreading the mass by handfuls
“in the sun to dry, which it did in a few days, this manure resulted in
“an earth which was inoffensive to sight or smell.”  In the Deccan, night
soil has long been utilized under the name of “ sonkhud™ or golden
“manure.” In Oudh, night soil has been used by native cultivators from
time immemorial, with immense benefit to their crops. The public garden
at Chindwarra in the Central Provinces, has slways been manured with
poudrette, and has long been noted for the abundance and excellence of its
produce. In the Raipur public gardens (Central Provinces), peach trees
were found to require poudrette once a year, guava and mulberry trees
once every three years : the trees thus manured required copious waterings,
owing to the latent heat of the manure. In Bilaspur, potatoes cut in
halves were planted in trenches manured with poudrette, and the yield was
more than five-fold, the size of the smallest potatoe being double that of
those sown: potatoes sown in a similar manner with cowdung gave a re-
turn of only double the quantity put down, the potatoes of the crop being
no larger than those sown. In the North West Provinces, there is a
strong prejudice amongst the Natives agsinst the use of poudrette. But
from experiments in the Jail Gardens, it is found, that it is of great
value, if left for several months to decompose in the ground, and to part
with it fertilizing elements to the soil. Similar experiences have been
obtained in Bengal. At Trichinopoly, humnan excreta from the latrines
are freely purchased by the natives and applied with good results. On
the Neilgherries, the town sweepings mixed with the night soil are in
great demand for the coffee lands on the Conoor ghat. In the Mercara
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joil a certain quantity of Queensland maize manured with poudrette yield-
ed 253-17 per cent. of grain, and 165-57 per cent. of straw, in excess of
the yield from a similar quantity of seed raised with cattle mapure. In
the town of Madras, very large qgnantities of night soil are taken by
the market gardeners and cultivators in the suburbs of the town, and the
natives who grow plantains for the local market will actually come and
pick out the fresh night soil out of the mannre depdt heap and take that
only, if permitted, in preference to the decayed manure.

Indian experience generally has shown that poudrette is more useful
in such plants as contain sugar and starch, than in those of a more
nitrogenous nature. This is explained by the more vitalizing effect upon
these erops which the phosphates of the poudrette have in conjunction
with the carbonic acid of the vegetable manure with which it is gene-
rally mixed.

Three points should be attended to in the use of poudrette.

1. Not to apply it too soon or fresh,

2. 'To add to it or mix with it some decaying vegetable matter such as

leaves, straw, saw-dust, peat-dust, or ash.

8. To secure that it shall receive a good supply of water by rains or

by artificial means.

The first point is common to all manures, hut it needs the more atten-
tion in poudrette, because of the quantity of gases deleterions to vegeta-
tion given off by it if used too early. The second point of observance
is peculiar to poudrette, inasmuch as without a due adwixture of
vegetable matter to furnish a due proportion of carbouic acid, the phos-
phates in which poudrette is rich are not utilized. The third point of
plentiful watering is needful for due solution of the matters contained, and
to present them in a form in which they can be absorbed by the plants.*

Spectfication to accompany Estimate for constructing a Latrine for the use
of Natives.

Site, Excavation.—The site to be cleared of all grass, bushes, roots,
 &c., and after centre lines of the walls have been pegged out and breadth
of foundations marked on ground, excavate trenches to the full depth
shown on the plan, or to such depth as the locality may require.

Concrete.~To be composed of three parts of coarse gravel or kankar,

® Dr. Henderson of the Baungalore Central Jail,
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two parts ronghly broken bricks, one part sand, and one part of freshly
burnt lime, mixed together with sufficient water to allow of its thorough
incorporation, )

Foundations.—Lay one layer of concrete, 6 inches thick, ram well, and
level all round.

Brick and Mortar work.— Bricks, best well-burnt bricks, 9" x 44" x 2}"
well shaped with square edges, ringing clear, to be used. The bricks to be
well wet with water before being used, and laid in proper courses, joints
broken, and bond preserved throughont, care being taken that all the ver-
tical joints are well filled with, and each brick well embedded in, mortar,
The walls and honey-comb work between pillars to be bonded with pillars.

Mortar.—To be composed as directed in the instructions given in Dr.
Nicholson’s Report.

Put log holes. —Put log holes for scaffolding not to be placed in pillars.

Honey-comb work.—Qpen brick or honey-comb work, as per plan, to
be built full width above walls between pillars as shown in the drawing ;
joints to be carefully made with best mortar, and all interstices loft clear.

Arches.—All archies, where stone is obtainable, to be made by insertion of
a flat stone over openings in rear of latrines, or regular turned brick arches.

Pillar cups.—Pillar caps to be, where stone is cheap and easily obtain-
ed, of stone, otherwise of timber not less than 3 inches thick, covering
the whole area on top of the pillars, care being tuken to lay all level.

Roof-—Roof timber to be of teak :—

Central bressummer 5 inches x 8 inches,
Outer " 4%, %7
Rafters 24, x4

The bressummer to be laid all level, and central bressummer tied by
six iron ties with collars, nuts, &c., of the dimensions given in the detail
drawing, and nuts well screwed home.

Rafters to be notched at ridge and nailed together, and slightly notched
at bearing points on bressummers, and securely nailed to them. Rafters
to be 18 inches from centre to centre. Then nail reepers 2° x 17
4 inches apari, and tile dry with the best well-burnt pantiles ; finish with
chunam ridge, and borders 9 inches broad, 24 feet apart.

Flooring. Asphalte and tar composition.—At sll entrances build in
stone curbing as shown in the plan, fill floor of all passages with con-
crete as before specified, with slope from walls to drain § inch to 1 foot ;
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central sweepers’ passage, concrete floor, to slope to centre as shown in
plan; ram the whole well and finish smooth ; when thoroughly dry, paint
the whole with a composition of coal tar aud asphalte in the proportion
of 1 1b. of asphalte to 5 1bs. of tar.

Troughs.—Brick and mortar work of all troughs to be very carefully
laid, and slope as delineated in drawing waintained; joints laid as close
as possible, ends of bricks on apex of slopes to be ground to fit close.

Platforms.—Brick and mortar work of platforms to be securely laid
and bonded to the trough work, the whole to be well smoothed off. Stone
where obtainable at cheap rates might very properly be used for the plat-
form surfaces.

Drain~1liay a V or tile drain securely bedded in mortar, sides level
with floor as shown in the drawing, with a fall to the centre of 3 inches
in 10 feet, and to out-fall gutter pipe which is to be of iron 1 foot in
length, 3 inches diameter, projecting into the bucket wells 4 inches.

Water Cisterns.—Two cisterns, each to hold 32 gallons of water, to
be built of best brick and mortar in the localities and of the dimensions
sbown on the plan, with stone coping firmly laid and cramped st the angles
with iron cramps leaded in, the side pieces to be built at least ¢ inches
into the screen walls ; the cisterns to be plastered with best surki cement,
well polished, and kept wet and protected from the sun till firmly set.

Bucket Wells.—Build in brick and mortar, as per plan ; paint with mix-
ture of asphalte and tar, cover with wood, and build ledge to exclude rain.

Buckets.—BSupply two iron buckets each to contain 6 gallons, with

handles to allow of insertion of bawboo for removal, as
per standard plan.

LT Supply two wooden iron-hooped tubs with covers, iron

}'lmum\ loop handles, as per drawing, to contain 18 gallons for
A the removal of urine to the poudrette depdt; paint
' with tar; supply two bamboos.

Painting with Composition.—Three feet up all walls
inside, all compartments, division walls, earth bins,
platforms, troughs, drain, &o., to be painted over with
the asphalte and tar mixture with two coats.
Whitewash.—All walls and screens inside, above the tar paint, all

‘honey-comb work, to have two coats of best lime-wash; the lime to be
~used hot and slaked on the spot.
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Colour-wash.~—All walls and screens outside to be colour-waghed by mix-
ing coloured earth with lime-wash composed as above.

Tools.—The following tools to be supplied :— Four iron earth scoops to
lift 1 1. of earth, two wooden rake scrapers with blades 77 x 5% x 1”
and handles 4 fect long, 2 baskets, one broom.

Gravel.—The spaces between the main and screen walls of the building
to be sloped away for easy drainage, gravelled and ramnmed.

Remove all rubbish.

Abstract Estimate for constructing @ Latrine of 14 Seats at_

Quantities.| Particulars. Rate. i Per. ‘ Amount. | Total,
1
RS, A P R3. A, P.RS. A. P,
543 Cubic vards. excavating foundations
; and tilling in, .- c yd
17§ Cubic \arda comcrete in chnnam for
floor and foundntions, .. .. .
2,334 |{Cubic feet, brick in ('hmmm, . e. foot.
418 {Square feet, honey-comb brickwork
in chumun sq. foot,
1,006 {Square fect, rnuﬁnp: with nm! pan-
I tiles, chunam borders, &e., . | 8q. foot.
87 iCubie fmt teakwood \\lmwht and
put up for bressurnmer and raftvrq e, foot.
2,100 Running feet, teak reepers, 2 2 x 4, r. foot.
116 ;ﬂ’)a of iron “mu"ht .. .
2,572 ﬁqunrc feet, mnlng composed of 1
i I of nsphalte to 5 M tar, .. sq. foot.
10 Square  yards, of gmullmg well
l ammed, .. 8q. yd.
974 Square feet. whnt-mn&hmgmslde and
colour-washing outside, .. sq. foot.

113 Square feet, sirki plaster two conts

to cisterns, .. . . “
18 Running fect, stone Slahs 9% X 7". . r. foot,
24 | Do. do. 18" % 3°,.. "
21| Do, do, 97 x 3%,.. "
4 Iron cramps set in lead, &e., .. each.
2 |, bueckets for urinary cisterns, ., ”
2 (Wooden buckets, large, .. »
2 {Trap doors, including handle and
zine ﬂan}nng, ”
2 {Iron gutter pipes 1 long and 4” dla-
meter, v
2 |Rake scrapes mth blades 7"x 5" X l "
4 ‘Irom earth scoops, .. . .. "
2 |Buskets, . . . . "
1 |Broum, . - - . ”»
| s |
Superintendence and sundries at 5
per cent., .. . . .
Total Estimate, .

J. L. L. M.
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No. CCXXVIII. ’

SUTLEJ RIVER-TRAINING WORKS AT ADAMWAHAN.
[28p ArricLE].
[ Vide Plate XXVIIL ]

Report by E. B. Meorey, Esq., Erec. Engincer, and Notes by M.
Ravyney, Esq., Supdy. Eagineer, and Cor. F. W, PriLg, R.E,,
Engineer-in-Chief.

Report on the Sutlej River-Training Works for the season of 1875, by
+ E. B. Meorey, Esq., Ezec. Engincer.

Tar Report submitted by Mr. Graham, late Exec. Engineer, Sutlej Bridge
Division, describes the operations carried out from their commencement
to about the end of September 1874, The operations to be described
since carried out, will, I think, be more readily understood, if divided
into the following heads, viz. :—

1st. Those operations undertaken during the cold season et low water
level, and immediately depending on the ensuing floods for their effects.
For sxample——oconstruction and repairs to tree bunds.

2nd. Operations execnted at ordinary flood time, but depending on
higher floods expected for their effects. Example—attempts to direct main
channel from a winding to a straight course, by scouring through shoal or
sand bank—forming by means of 100 feet “ net spurs,”

8rd. Operations nndertaken at the end of the flood sesson and conti-
nued on, to stop the cutting and undermining of the permanent bank, or
for the protection of  sand banks " required for well sinking operations.
The means applied being ¢ weed spurs” with fascines and brushwood,

Under the first head, the following were the works executed :—

On poith bank (Adamwahan side). Three new tree bunds about 600
running feet in average length ¢ach, were constructed below site of bridge

+YOL, Vi~~SROOND SERIES. 20
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Also two tree bunds above site, making, with the two bunds of pre-
vious year, a total of seven bunds, made with the objeot of protecting
bungalows and bank, and farther to silt np the deep channel and bay made
by the river years previously. The two bunds of the former yesr, just re-
ferred to, were also considerably strengthened and repaired.

At Goodpoora about 6 miles np-stream, right bank and above D bund,
two short spurs partly of “ weeds and trees’’ were also constructed, and
marked D! and D?,

At D the first *weed bund ’ made, the bushes had nearly all snbsided
in the previous floods. A new bund of trees and bushes was constructed
about three or four chains in advance of remains of first bund. On the
south bank, Bahawalpur side, the bunds marked L, E,C, F, G, B, A, were
all considerably strengthened, and when subsidence had taken place, fresh
trees or bushes besides new trongahs and rope material were substituted for
the old.

A new * tree bund ” was also constructed about quarter of a mile above A,
to assist in diverting the scour from thelatter. The new tree bund marked
M, about three-quarters of a mile in length, was also constructed. This
being the longest bund yet made, the amount of labour and material used
on its construction was considerable. These ¢ tree bunds” with the ex-
ception of some slight modifications to be presently noticed, were con-
structed as formerly, viz., with trees or bushes tied together with 87, 5¢
and 23" rope, and weighted with trongahs or nets filled with brick, but
having no casks as used in the construction of * weed spurs.” The old
material used on all the old bunds had mostly subsided or rotted sway—
new material had to be substituted almost thronghout, with the exception
of a fair quantity of the ““ brick” which was made use of & second time,
having been recovered by digging up the old trongahs, One of the modi-
fications in construction should be noticed here, viz., when theé bunds eon-
structed crossed the deepest water, that portion of the band was donbled
throughout. The object being to divert the heavy scour that hud taken"
place previously from the old to the new portion, . °

On the subsidence of the floods, I went to inspect the above bnndl, tnd '
the results of the silting up of the Nowrungah channel. = - ' - &,

From the “ Nowrungah mouth” (marked “ dead water”) to the month
of the % Khanwah canal” about half way between E and C bunds, the silt-
ing up is very nearly completed, Where st the mouth it was from 18 40
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24 feet in depth two years ago, an insignificant channel alone remaining,
‘the rest being a gand bank silted up to within two or three feet of the
surrounding country,

From the mouth of the Khanwah canal to T bund, Here the chaunel
(having been left open during the season to supply water to the Bahawal-
pur State) has scoured ont again to a depth of about 12 to 15 feet; C, F
and F* bunds which were partly left opened, disappearing almost entirely,
800 feet of new bund will be required to restore C again ; the rest of it on
bigher ground remaining intact.

From F on to B bund again, there is a channel 70 feet in width yet re-
maining to complete the silting up throughout this portion of the length.
At M bund, beyond the tranks of all the trees are embedded in silt, the
ground is high here, only the surface flow passes over it.

* The channel where A bund crosses has almost silted across. Another
bund, next year, about 100 feet long only, I think, will effect it. On the
north bank at the seven bunds at Adamwahan, besides those at Goodpoora
above described, the silting is almost completed.  Of the three bunds below
the ¢ site,” however, soarcely any of the material is left, having done, how-
ever, some good in silting up before subsiding. More good would have
been done had not the ends of the bunds nearest the bank been destroyed
to allow of *rafts” of sleepers to pass up. Some thousands of willow
‘cuttings, I regret to state, disappeared through the mooring of the above
rafts all along the bank.

- The above being & description of the heavier works constructed, those
of & minor deseription remasin to be mentioned under the second head.

1st.  As to the object to be attained, and

" 2nd.: The means to be applied.

. The object to be attained here was the straightening of the river’s course
by-cutting or scouring a fresh direction for it across the shoals or sand
banks by means of 100 feet nets.

. The general character of the river, should I think be briefly referred to,
in order to make the application of these 100 feet nets intelligible.

- -In ite.uenal circnitous course, the river towards the end of the season
i8 contracted principally to one channel. It then begins to cut and un-
dermine the permanent bank, and to form a shoal extending nearly scross

- fromthe opposite bank.  1f not checked either by nataral or artificial means,
thiresult is.a “1ight” or “bend " taken out proportionally extensive and
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mischievons according as the bank attacked is more or less sandy ; almost
exactly the same thing goes on at about every two miles, alternately setting
from one bank on to theother ; the one bend is affected by the next one higher
up, aud so on. Kach shoal again secms in size dependent on the extent
of the jungle or *pilchi ” which growing along the edge of the bank at
the immediate bend up-stream is carried down, and then arrested in slack
shallow water, accumulating sand at down-stream bend. By making an
experiment of cutting and removing the jungle first of all along the im-
mediate bank in anticipation of its falling in, it is, likely, I hope, thct
some good may result therefrom.

This action of the river as described above, continues on throughout
the cold sesson, and remains so until the next season’s floods, which
rising and spreading, makes a fresh course for itself across each sand
bank thrown up the previous season, the now mew course of the river,
being the old channel formerly frequented by it. This channel agsin
widens ont across the sand back, and the cutting away of the new oppo-
site bank goes on again as before. This describes the ¢ general” course
of the riveronly. To check this zig-zag course, attempts were made to
straighten its course by means. of nets, (100 feet x 8 feet,) the meshes
being six inches square. To these nets were tied rope trongahs and
casks asin the case of ** weed spurs.” The nets were placed “ en echellon,”
and st a sufficient angle across the sand bank, so as to intercept a portion
of the main stream coming down, and to guide it across in anticipation
that at the next rise of the river to come, & scour, and eventually & channel
would be created across the sand bank, giving the new straight course to
the river desired. This plan was carried out in three places, viz., above
spur F, below F, and at Lei-wahan, where the respective ehoals bad
formed. These spurs were laid at a time when the river having fallen
somewhat, left the shoals exposed sufficiently to work upon. The encoess.
of the plan was only partial ; but the nets did check the direction of the
stream somewhat above F spur, as at the time it was flowing on to the
north bank at Goodpoors, which side it left to flow along the south bank, '
where, however, it was about then due in the natural course ‘of evente.
Below ¥, where the nets were laid later in the season, an: additionsl
inducement was given, by digging a channel scrous ﬂw sand. blnk i:m
mediately above and slong the * nets.” -

The two subsequent floods, however, which oocumﬂ did not mm'
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result hoped for, as the channel remained closed, and the river still con-
tinues its conrse round the sand bank in preference to the straighter one
marked out for it

At Lei-wahan under. similar circumstances, the river had been flowing
from there on to the south bank above E bund, It had kept that conrse
thronghout the cold season around the sand bank it had formed. The
river gradually rising, held the same on until August, and which it did
not leave until half of L bund had been carried away. DBefore leaving
this course, however, 100 feet nets (as at F) had been placed across the
sand bank as above described.

It is difficalt to say to what extent the course of the river was affected
by the 100 feet nets, and the resistance offered by L bund, because the
change in its circuitous course was due at the time, and the change took
place as above stated ; the river now in its new course across the sand bank
keeping close under the Lei-wahan bank, which it commenced to cut away
with great rapidity. From his point the river's course now flowed down
obliguely upon the bridge site, destroying in its passage the communica-~
tions between P and Q piers, besides commencing an attack on the bank
above the abutment wells. Measures were taken to protect this perma-~
nent bank, as well as to check the cutting at Lei-wahan in the way des-
cribed below under the third head. Some net spurs were placed to try
and silt up the disturbed communications between P and Q, as also to
protect the bank above R pier. These nets put in with double casks one
extra weighted, held well for some time in strong water, but eventually
geve way before a rise in the river which followed soon afterwards. Al-
though the attempt to preserve a sand bank on both sides of the river, the
same a8 the previous year, was not successful this, nevertheless an extensive
“sand bank " was thrown up extending on the one side (Adamwahan bank)
right across nearly to the other, due to this sudden but not unexpected
change in the river’s course. This sand bank is as extensive for carrying
on the well sinking operations as could possibly be desired, I believe.

- Doder the third head I have now to describe the system of defending
the bank with ** weed spurs.”

These spure were placed at about every two or three chains apart along
the bank, in & strong current rupning a depth varying from 10 to 20 feet.
The bank as it fell in from time to time was sometimes sloped in bad places,

" forming short * itregular”’ bights in between the ¢ spurs ” protected also
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by grass or jungle tied up into bundles, and allowed to drop along the toe
of the bank, besides the projecting ends of the bights being protected with
stronger brushwood. In this way at Goodpoors and along south bank,
(at E bund) the whole Jength on both sides and over a mile in extent was
protected throughout the cold season. The bank fell away considerably
before the mischief could be stopped. This, it is hoped, will be avoided
for the future to a great extent, by placing the spurs at a good angle
to the bank, instead of at right angles which was formerly done, Two
points along the bank attacked, since treated in this way, (viz,, at Lei-
wahan and above the abutment wells on south bank,) have resisted those
readily since the encroachments of the river. A very large bight has been
taken ont of Lei-wahan it is true, but this would not have been so large
had material been more easily available. As it was, the stock of material
stored at different sites had been exhausted, and fresh material had to be
dragged up river in boats against wind and current.

The second point above mentioned, above the sbutment wells. The
supply of material was more readily available, the spurs thrown out {(about
20 in number) and 200 feet apart held, and not more than 200 feet of
bank was carried away. I would, in conclusion, say a few words regarding
the supply of “ material” and “work” generally done, and to be executed
for next season.

lst. As regards the supply of ““trees ™ and *bushes” which has now
been pretty nearly exhausted in the immediaté neighbourhood of the
river's banks. Our next supply will have to be procured from a greater
distance at an increased cost. The various operations of cutting, loading,
carting, unloading, and with water carriage besides, makes the cost, espe-
cially of large trees, to vary from Rs, 1 to 4 each. I would beg leave to
soggest that the Forest Department be called upon to grow trees slong
both banks of the river. Trees of five years growth tied together where .
the bank happens to be cutting away, weighted with trongahs and casks
attached to the lighter trees, all together would form * spurs” as effectus]
and more readily made in place of the unavoidable delay and expense that.
bas to be incurred at present in procuring the frees from any distance.
The land all along the south bank which the bunds from A down to L has .
silted up, conld be made to grow a * forest of trees ” abont }ialf & mile in--
width. Between Adamwahan and Lei-wahan there is similarwaste land, -
Such trees as farash, babfil, date, kurreel and pillew, would, I think, resdily
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grow if only the seed was acattered broad cast. As regards the principal
‘trees mentioned, some organization would be required for the first few
months. Within the boundaries of the colony, 1 have already sown rows
of trees along the bank and on the sand beds, and behind some of the
bunds. 55,000 willow cuttings were planted. In most cases they have
- thriven notwithstanding the high floods which submerged them. This
season they are being pruned, and the cuttings obtained planted out. I
hope in this way with the assistance of the ‘tree bunds” protecting the
willows, and silting up to make the Adamwahan shoal under the bank a
forest of cuttings baving deep root in the soil, and giving considerable
strength to the bank., Many of them have now grown to a height of 10
feet with stems three and four inches in girth. They have been planted
out, and extend from the bridge site to above old D spur.

Miinj rope material.—There is a large stock in hand at present, which,
I believe, will go far towards the construction of bunds, &e., this cold
geason. As the “trongahe ” for holding brick last only one season, I
think it will be an advantage in point of economy to reduce the quantity
of munj rope used in their construction still further. I think a 12 feet
trongah should not exceed 1} maunds, instead of from 1} to 13 maunds
as at present made,

Brick.—The stock in Liand has been nearly exhausted. The contractor
who made the bricks up river having failed, the rate will have to be in-
creased from Rs. 10 to Rs. 12 per 100 cubic feet delivered. Up to
present date no ono has tendered even at that rate, and lately I have had
principally to rely on the ¢ peela” and overburnt refuse bricks obtained
from Messrs. Collins and Petmann,

# Cagks, ”’—There has been (taking the two years together) consider-
‘shle loss sustained. Out of the ongmal quantity of 8,400, ouly 1,500
remain on hand, the rest having broken away from their moorings or been
‘gunk in the sand banks when used in their usual capacity in the “ weed
spurs " constructed. I hope to avoid the loss to & great extent for the
future, by Axing wooden brackets on the casks, and to prevent thus the
ropes buckling round, from slipping off, us they have done in numberless
cases 7 believe.

nm,uu Bﬂok » fince the above was written, a very important saving hae been effecting, by
my wmidstituting bage of ¢ date mﬂm" filled with earth, in liew of the * brick and trongah
formerty ¢ used.” .
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To anticipate the likelihood of the rivers attempting the Adamwahen
gide again, and indeed, I am aware of the necessity that may exist for
endeavouring to force it over to some extent to this side, in order fo com-
plete the well sinking on the south bank: to anticipate any such set of
the river in its full strength on to this side in addition to strengthening
the existing “bunds” (which have of course subsided to some extent
this year), they should, I think, be reduced in length and splayed off to
an easy angle with the bank, and shorter “spurs” about 100 feet or
more in length added in between. I would have them alternately of
“weeds” and “trees,” so as to prevent scour, as well as to check the
surface velocity. The material could, of course, be transported elsewhers
should these defence works be found unnecessary. Material should, I
think, be laid all in readiness to near Lei-wahan, a length of 8 miles,
now vuly partly defended. The 20 ¢ weed spurs " lately put in here have
checked the cutting, but they should be renewed at the end of the cold
season, as the water still flows strongly over some of them, and the
material will soon have sunk.

The spurs or the material for them should be, I think, at every 200
runaning feet, or 26 per mile. For 3 miles this would give a length of
7,800 running feet, which at R¢. 5 per running foot, including labour and
mwaterial, would cost Rs. 39,000,

Material shiould also T think be placed in readiness to constract similar
spurs along the south bank, between the ¢ abutment wells ” and the Now-
rungah mouth, a8 soon as those now existing shall have done their work.

The distance is under half a mile. As most of the bunds along the
Nowrungah channel from A to L are intact, and the channel almost silted
up, it will not be necessary a second time to go to the expense this cold
geason of renewing them as regards material of all kinds. Perbaps F,
but at any rate C bund should, I think, be restored for the ressons given
above. But the length is only 800 feet across the channel reqmrod to
restore the bund fo what it originally was,

A considerable portion of L bunds having been carried away ag 'befou
stated, suggests alone of itself the liability of the river's making & .dead
set successfully at any point along the bank, and, if persisted in, wonld
eventually neutralize all the results of the closing of all the channels now
fast silting up along the Nowrungah from A downwards. The chances
are probably in favour of its not encroaching to that extent, butthe se$ of
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the river is already on the end of M spur, and a ‘floating” or * weed
spur” is being constrncted to defend the high bank there. This may
‘entail other ¢ weed spurs,” and this may in counection with the loss of L
bund suggest the advisability of not continuing the cost of defence works
for the future so far up river as at this point, that the river if left to itself
8o far up is not likely at all to encroach further than it has already done some
time back, and that by limiting the operations more, instead of carrying
#them out so far up river, wonld give an additional advantage as regards
economy and supervision, There will be considerable saving in expense
in not having to renew all the bunds again from L to M with fresh
material, also in having a good supply of méuj material and casks, &e.,
on hand already paid. On the other hand, I have only referred to the
probable requirements on the south bank extending no further than the
Nowrungah mouth. It is not improbable that the defence works may
have to be carried up as faras L or even to E, by protecting the bavk all
along on the short *“ weed spur ™ principle above referred to.

I have submitted a separate ¢ Memo.” attached, showing the total ex-
penditure incurred on different sub-heads of work since the commencement,
viz., from January 1874, to 81st August, 18756. The Memo. includes
cost of buildings, viz. :—

Temporary Bungalows, Observatory Tower, Worksheds and Godowns.
I believe everything is included, &c., excepting some trifling stores in-
dented for, for repairs to boats, casks, &c.  The total and descriptions of
the three kinds of work dnne, with cost, is as follows :—

Tree bunds, running feet, s . 38,1062
‘Weed spars, » sor o e 10,695
Net spurs (100 feet), e - e . 17,880

——

Total, .. 64,837

The total cost has been Re. 8,17,176, or Rs. 4-14-6 per running foot of
bund, “weed,” or “net spur.” The rate I before estimated at was Rs. 5
per lineal foot.

Rough Statement of Expenditure incurred on the Sutlej River-Training

Works, from January 1874, to 81at Augusi, 1875.
No. RS A P,
8248 Casks,atRe 4each, .. .. .. .. .. 12972 0 0
7791 Nets snd trongahs, at Re. 10.each, .. .. .. 77,210 0 0
' - Carried over, .. 90,182 0 0
VOL. Vi.=~§RCOND SXRIRS. 2>
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R8. A P

No. Brought forward, .. 90,182 0 0
25 Wooden piles, at Rs. 20 each, .. v . e 500 0 ©
1,890 Ballies, at Re, 1 each, .. . ve o . 1,890 0 ©

- mds,
15,519 RDPO, at Ra, 4-8-0 per md,, . . o . 69,885 8
No. .
21,021  Trees, at Ra. 2 each, . . . . . 42,048 0 O
e ft.
2,85,055 Bl’ick’, at Rs. 9 per 100, . . . o X3 21,155 0 0O®
No.

<

20 Wooden anchors, at Rs 20 each, .. . . . 400 0 O
9,600 Fascines, at Rs, 0-10-0 each, .. aa .. . 5987 0 O
17,488 Bushes, at Rs. 0-8-0 each, v . . . 84t 0 O
Labour, .o e ae "e .. .o .o 76.490 8 0

B

Tota! Rupees, .. 38,17,176 0 0

The cost brought up to end of the flood seasonamounted to Rs. 3,25,000.
If at first sight the expenditure seems heavy, it should be explained
here that more than one-third of the cost has been incurred on works of
a tentative charecter, such as 100 feet nets, which, as applied, were not
found to give any material benefit, and the cost of which would not have
to be incurred again, and in estimating, however, future operations, the
experience gained is advantageous.

It may be worth while to summarize the chief points of success aitained
since the commencement of operations in January 1874, They may be
defined as follows, viz.,—detence of the river bank gonerally with more or
less success by means of

I  Weed Spurs and Fascines at the following points e

1st. Along north bank of river for a distance of more than a mile

below the village of Lei-wahan.

2nd. Along same bank for about & mile above Gthotpoors, =

8rd. Along sand bank at Adamwahan from old D spur to axteaf

bridge, ‘
4th. Along south bank for & distance of half a mile abm “ bﬁdp& '
gite.”

II. By means of ¢ Tre¢ Bunds,” the results were the sﬂtmg np af tha
following chaunely ;e '

1st. The Khanwah and Nowrungsh chanvels anmndmg fmm A i@ L

bunda. S ‘
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2ad, The silting up of the old channel scoured out in 1872 from under
the high bank at Adamwahan, and the formation of *sand
.bank ™ at the same time for well sinking operations.

8rd. The growth and preservation of vegetation in river bed, such as
willow, poplar, tamarisk, growth of which (if encouraged by
the protection offered by‘he Tree Bunds holding out another
season's floods) will by that time be sufficiently advanced as to
afford in themselves considerable protection of a permanent
character to the river banks,

I propose now to refer to some of the results of trials made with
¢ Fascines” and with Brushwood, Grass, c.

L. Bushes of the wild caper, jhund, pillew, &c., or pilchi tied together
tn bundles and weighted with brick. or without any weight.—For protect-
ing the shore euds of the “ Weed Spars.” It will be sufficient briefly
to state, that when these were applicd only at the ““head ™ or * shore end”
of the spurs, success was only very partial, the current getting behind
too quickly : especially in strong water and in a sandy soil. Generally
applied such brashwood aflter a short time would disappear altogether,
and a fresh supply would be required.

When made np into fascines and applied, they were most successful,
even on this limited system,

II.  “ Foscines ™ independently applied without any ¢ Weed Spurs.”—=
If applied continuously along & bank to be protected, “ fascines ™ promise

to be more successful than anything else yet tried, but they require trial
on & scale sufficiently extended, so as to prevent any reasousble chance
of the river's getting behind.

The brushwood (pilehi) is made ap into fascines 10 feet long and 1 foot
in diameter. Grass is put up into small bundles and tied together
somewhat as in matting. There ars different ways of applying the
above,

1st. Laying down fascines for a bund, as a wall in & manner similar
to the “drop ” or “curtain wall” of a bridge, with or without flooring.
This wall to consist of masses of fascines placed in layers crossing one
-another, tied together and placed all along the face of the sand bank to
be protected

A sitoation where this systém would be applicable (and of unportunbe,

; lf mmmsful in preventing the river’s ontflanking the bridge) is slong
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the sand bank (south side) between the bridge and spur L. The dis-
tance across this sand bank on to the permanent bank is about one mile.
The sand bank would have to be sloped sufficiently, so as to admit of the
s¢fagcines” being laid and built up into the wall as shown in the wood
cut. The upper side is shown splaysd
offf so as to present as little resistance
as possible to the river's action behind,
and in case it be found necessary to use
it only or at intervals in the form of
“ gpurs, " instead of continuously, as
described further on.

There is a batter from base to top
tending to throw the centre of gravity
inwards towards the land, and so to
counterbulance its tendeney to tilt for~
i : wards, which would result from the un-
der-scouring along the face of this “drop wall.”  As an additiona) security,
the “mass” should be moored strongly to the bank, and allowed to sink
a depth of from 20 to 40 feet, or in proportion to the depth of scour
made,

The advantages of using such ¢ material” as compared with stone
would be, 1st, as regards economy.  Such material is always growing near
at hand; 2nd, a bank so defended continuously presents no projections.
There would be, therefore, no obstruction offered to the river flowing
smoothly by, as would be the case with “spurs,” whilst the cost of
“stone protections” to them, unless extended as far as the permanent
bauk, is hable to be outflanked and carried away by the river: when the
loss would be incomparatively greater,

Its specific gravity is sufficient in itself to sink, but should sdditional
weight be required, earth could be filled in, or brick tied up in nets
added. It would last many years, and could be kept above flood lavel
ot not, ag might be considered dusirable, dependent on the amount of water
required to be admitted to irrigate the trees and plants it would be pro-
posed to grow over the land so reclaimed. .

A similar plan conld, of course, be applied across the low land on the
Adamwahan side, should any unusual set of the river there make the plan

to be thoughit necessary. o ‘ '
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The second plan.—The second mode of applying the fascines (refer-
red to above) is to have the wall only at intervals, say of a chain or so
apart, or in fact as “spurs”; the sand bank in between the * spurs”™
being sloped and protected in front by two or three lengths of fascines,
tied securely together like an apron, and allowed to fall down of them-
selves: willow and pilchi being sown in between the interstices left
amongst the fascines,

Jungle grass.—Jungle grass tied in bundles and laid over large nets of
“miinj rope” and used like matting, will probably also be fonnd effective.

Third plan proposed.—There is a third plan to be proposed for defend-
ing the face of a long sand bank, viz, to put two or more lengths of
*fageines” in one layer together, and to have them simply lying hori-
zontally, tied together continuously along the top of the sand bank to be
protected. With such a flooring, the action would be similar to that
described above, viz., they would fall in like a curtain wall. As the edge
of the sand bank cut away, however, the horizontal position of the ¢ fas-
oines ” would be gradually changed to a “sloping one” as they became
bent over, and dragged downwards, more fascines being then tied on.
The extent of such protection would be as far ag the permanent bank, or
at any rate, so far as to prevent any likelihood of the river’s ogtflanking
the fascines, and the direction would gradually diverge like in the wings
of a bridge,

E.B. M.

Note by M. Rayng, Esq., Supdg, Engineer.

The above Report has been drawn up by Mr, Medley, the Officer in
Sub-divisional charge of the River Conservancy Works.

Mr. Medley very clearly describes the nature of the operations under-
taken doring the year, which operations he divides into three classes,
chiefly with reference to the season at which they were executed, but they
may bhe broadly described under two heads—

I Works for training the river to a desived course,

IL Works for protecting the banks, where, in spite of the Training Works,
the river has attacked or threatened them. From the map it will be seen
that the river, daring the season 1874-75, had u fairly good course, threat-

. ening at mo point below Goodpoora.  This course, or even a straighter

ome still, it pursued during the first great flood of the year. As soom,

" however, 88 thix sabsided, the river fell into the tortnous channel it now
* {follows, shown Blue in the map.



208 SUTLEJ RIVER-TRAINING WORKS AT ADAMWAHAN,

The subsequent floods of the season, which were unusually heavy, caused
" considerable erosion at two points, Lei-waban on the right, and again
immediately above the bridge on the left bank.

At these places defensive works were undertaken, so far as the time and
means permitted, but with these exceptions, the whole of the great ex-
penditure, as stated by Mr. Medley, appears to have been incurred in &
vain endeavour to train the river to a straight courss, with the result that
it 48 now more serpentine than ever.

The cruse of these now oscillations, whatever it may have been, lay
above the highest of our training works,—how far we do not know, but
beyond where we can expect to follow.

I have already ventured to state my opinion, that events have shown
that our operations may be less extended fur the future than they have
been for the last two seasons, and I recommended that henceforth they
should be limited to the heads of the first great bunds above and below
bridge; say to Lei-walian, and a place about upposite on the Bahawalpur
shore, for the above bridge limits. Those below are not of so much im-
portance,

1 would now tender a further suggestion, that the character of the
works be altered to some extent, at any rate wherever they are 80 placed,
as to make their action of an immediately defensive nature,

Beyond some lines of trees, placed across the low lands chiefly on the
Bahawalpur side, for the purpose of enconraging a deposit of silt, but
little has been done save to put down “weed spurs ” as they are called,
These have not been of the inexpensive type their designer, Col. Brownlow,
gave them, nor have they perhaps always been put down in the way he
intended. It may be in consequence of this that they have hardly ful.
filled expectations. Certainly the system has been pursued at a cost it
is hardly likely will be long continned, having regard to the general re&ults
already described. ‘

I am far from saying that there are no occasions in which the *‘waeds
may be advantageously used, but to depend wholly upon them seems to’
me futile, from the mere fact that whilo they themselves have no perma-
nence, their work even when successfully done, is not more lasting. -  Whast
the river deposits o readily, it as readily takes away when it chooses, 1 tml ‘
the agency which caused the deposit is no longeqn existénce to defend- "",

Large troes with their roots and fall heads, maks & very good: and.
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tolerably 1§.stiug defence; but these are not to be had, nor even small
trees, nor brushwood within an easy distance. The country has in fact
been denuded in the neighbourhood of the bridge works.

This being the case, I would recommend a return to the system followed
in' 1872, in protecting the colony just above bridge, that of making
platforms of fascines, sinking them with earth, rebuilding upon that with
repeated similar layers till the mass sinks no more, and the tops remsin
above water.

These spurs last a long time under water, and if made of fascines well
put together, and the whole moored securely to the shore, are not easily
carried away.

The fascines may be made of materials, still, and I believe always ob-
tuinable, pilchi of the low tamarisk which springs up all over the flooded
lands.

I would protect the right bank from Lei-wahan downwards, with a
series of short spurs such as above described, and the same on the opposite
side from spur L down to the bridge.

I do not think any more work is needed on the left bank above L,
unaless it be about F for the purpose of throwing river over to the Adam-
wahan side, when the time comes. For this work the weed spurs may be
properly used. -

I do not apprehend danger to the bridge from the left bank except
from sudden attacks near to it, such as that made towards the close of
‘his season’s floods. To guard against these, I hope that stone will be
argely used herenfter,

I believe the most danger to be on the other side from the apparent
fact that the river is travelling, and has for many years been travelling
townrds that side. No doubt it often attacks the left bank in our neigh-
bourhood aleo, but anly to remove some low land deposited by it the other
day; while the destruction it commits on the opposite shore to which
it speedily returns, is all upon pucka land forming the permanent bank.

* It will be observed that Mr. Medley has adopted a suggestion formerly
made by me, to afforest a large extent of land on both sides of the river
dbove and below bridge. T trust this snggestion may be desmed worthy
of ‘consideration.' My idea is, that thongh the roots of no trees can pene-
trate deeply enough to prevent undercatting, yet that when undercut and
before: N}ma into the mat-v-:f they were seoured to others still stending
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behind them, and those to others siill further back ; there would shortly
be found a mass of ddbris, affording at least as good a protection ss. any~
thing that could be made artificially—probably a very much better—since
the trees uved in artificial tree spurs never have their roots, and are al-
ways limited in size by the difficulties of carriage.

Fifteen or twenty years seems a long time to have to wait for this nat-
ural protection, but the banks of the river must be preserved for all time,
naturally or artificially, and in either case the trees must be grown some-
where to do it withal.

On recently discussing the subject with the Political Agent and Super-
intendent, Bahawalpur State, Col. Minchin and the State Forest Officer,
Mr. Calthrop, I found both very favourable to the scheme, 8o far as regards
their side of the river. Col. Minchin offered the whole of the land re-
quired free ; and Mr. Calthrop offered his services in promoting the under-
taking in any way he could. He has begun some large plantations in
various parts of the State, one near Bijin-ki-Gote, on very similar land
to that available for our purposes, and where the young trees are coming
on remarkably well, promising to be efficient in the way I bave described
in 12 or 15 years at most.

Wkile examining the fiooded lands on the banks of the Chenab with
Col. Minchin the other day, we cawne to a fine piece of natural forest of
Euphrates poplar and babil, of which a large slice had been carried away
by the river this season. The practice had been to cut down and remove
the trees as fast as the river encroached, but I suggested to Col. Minchin
a trial of lashing them back to those further inland and allowing them to
fall bodily into the river. He at once gave orders for this to be done, and
though the trees are too young and small for a fair experiment, it is gtill
one that will be watched with interest. L

To conclude, I would propose to take up for forest the whole of the land
on the Bahawslpur side of the Sutlej, from spur A above bridge to any
convenient distance below bridge, the farther the better, since for several
miles the river is not too far away from the line of railway, for sifét;.

On the Adamwahao side I would take up land from the head of the
Goodpoora Dhund, down to a distance of 3 or 4 miles below bridge om
both sides to an average width of 8 or 4 miles. The Bahawalpur land
will cost nothing, and is irrigable from the new Nowrungah sud Ehanwah
Cansls. The land on the right bank will for the moat part have tobe
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bought, as it is almost entirely bangur and cultivated. 1t may also be
easily watered by restoring one of the old canals.

I will not enter on the question of the expense of these plantations,
because the creation of forests is not a work fairly chargeable to the
bridge or the railwey, any more than Chunga Munga plantation is a
charge to the Scinde, Punjab and Delhi Railway. As I have said, the
country is o bare of trees, that plantations must be made somewhere,
and they can be made at least as cheaply and as well where I have
indicated, as elsewhere.

M. R.

Note by Cov. F. W. Prirg, R.E., Enginecr-in-Chief, on the operations
of the year 1875, with proposals for the future.

X Mooltan, January 31st, 1878.

A good measure of success appeared to have attended the operations
of the early part of last dry season. In March, the bridge site lay to-
wards the end of a straight reach sume 5 miles in length, the channel
occupying nearly the centre of the bridge opening, This favourable state
of things was produced partly, no doubt by the training works, but there
seems now to be reason to believe, that nature had a large share in it.
At any given place in the river, periods of oscillation and directness of
course, slternate ; whether induced by the causes originally suggested by
me, or by some other natural causes, is immaterial. The period of direct
flow in the reach under notice had apparently arrived, and aided by the
training works, what was reported to be considerable success, was at-
tained,

It was supposed if such a straight channel could be engendered during
the dry season that the inundation water acquiring at first a certain
direction from the patent channel, would continue to flow somewhat stead-
fastly in the direct course, and that thus a series of temporary, and as it
was assumed, inexpensive measures, carried on in the dry season, would
suffice to guide the river during the inundation through the bridge
opening, and prevent such wanderirgs of the stream as might threaten to
outflank the bridge.

The effect of the floods of last season leave littie room to hope that
such gentle measures will produce the results anticipated, and the measures

VOL. VI~=RECOND SERIES. 2z
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themselves, instead of being economical or of small cost, have proved to
be very expensive indeed, and threaten by exhausting the available snpply
of material to become yet more so.

The Reports submitted by Mr., Medley, the Exeec. Engineer in im~
mediate charge of the Training Works, and by Mr. Rayne, the Supdg,
Engineer, describe somewhat in detail what has been done, and how,
when the heavy flcods of the latter season occurred, the various appliances
deposited in the river to influence the currents were carried away, and
that the present course of the river near the bridge has become in fact
more sinuous and threatening than when the training operations were first
commenced.

From Mr. Medley’s Report, it appears that in two seasons commencing
January 1874, a sum of Rs. 8,25,000 has been spent on these works,
and on the provision of material for the coming scason, to utilize which
a further sum of Rs. 50,000 would have to be spent. The_expenditure
may, therefore, be put at Rs. 1,25,000 for each season, This, however,
does not afford a fair gange of the future. The neighbourhood for seve-
ral miles has already been denuded of trees, and those now procurable
are unsuitable from their size, independently of the high price at which
they must be used in the work.

The whole subject has, for the past two months, been anxiously con-
sidered, and discussed by the Supdg. Enginecr and myself, and at &
mecting at Adamwahan on the 12th instant, at which we had the ad-
vantage of Mr. Galwey’s (Exec. Engineer recently joined) assistance, I was
able to decide on the nature of the Report and recommendations to be gub-
mitted to Government.

Daring the past season, the river rose four times in flood; on the first
oocasion during its rise, the stream followed the tolerably straight course
prepared for it, but on subsiding, it fell into sinuosities which became more
devious during subsequent floods. The main stream shifted towards the
south, and flowed through the second span from the Bahawalpur side,
directing its violence principally on pier P, the second from the sbutment
at that end. The wells of this pier were resting on a bed of clay enconn-
tered at & depth of 30 feet, and had penetrated into the clay but four or
five feet; they were surrounded by a heavy protection of stone, to which
additions were made from time to time, until over 1,00,000 cubic feet had
been thrown in. The cylinders were not disturbed in the lemst,
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As the river fell after the last flood, it continued to e¢ut into the high
bank at Lei-wahan, whence it svas deflected towards the south abutment
of the bridge. The last elbow formed above the bridge site now projects
considerably to the rear of the abutment, and the stream continues to
sweep round the mass of stone laid in the abutment span, and to pass
through the opening P, Q.

The floods of the season were higher than any of which we have a re-
cord. The Adamwahan colony was submerged, and the whole country to
the south of the river was under water as far as the eye could reach; the
only dry spot being the railway embankment on which were congregated
all the inhabitants of the ucighbouring villages with their cattle and
household effects. I am informed that the water was found to be headed
up to the extent of three feet nine inches on the upperside of the embank-
ment, at a distance of about half a mile from the bridge opening, and
probably there was a greater difference of level above and below the
embankment at, and about, the old Nowrungahwah channel, which was
the only opening left in the embankment. The railway bank finally
yielded to the pressure, and several large breaches occurred, and subse-
quently holes 20 feet deep were scoured out. This indicates & source of
danger in the future. The inandation water will be penned up in the recess
formed between the railway embankment and the high bank of the river,
and unless special measures be adopted, will eertainly force its way through.

The old channel of the Nowrungahwah has been ahandoned, and the open-
ing in the embankment at this point has now to be closed. A new align-
ment has been given to the combined Khanwah and Nowrungahwah canals
{s¢e map), and the new channel passes the railway within the high ground
near the Bahawalpur station.

A carriage road from the city of Bahawalpur to the ferry crosses the
line of railway. This road was carried on an embankment some three or
four feet high, and was seriously breached this year: the Political Agent
proposes to increase its height, and to meet the railway bank on a level
crossing.

There are two dangets against which we must guard ourselves—

I The breaching of the embankment by the headed up inundation
water.
II. The incarsions of the deep stream which advances by scouring
snd undercutting,
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At the recent meeting at Adamwahan, above referred to, the following
opinions were recorded : —

PRESENT :
CoroNEL F. W. PewLE, R.E, MR. M. RAYNE,
Engineer-in-Chief. Superintending Engineer.

Me. W. J. GALWEY, Ezec. Engineer.

“(a). We are of opinion that the temporary training works, such as bushes,
“ weeds, nets, and so on, useful enough in leading the cold weather channel, are
¥ quite inoperative in determining the course of the large channel, during inundations ;
“and that if they are not entirely swept away, they are likely to aggravate the action
““they are intended to oppose—this has been the result of the experienceof the past
“ season, '

% (3). We are also agreed that some obstruction of a solid permanent character
“ must be opposed to the river’s cutting into the deep bay above the bridge on the
¢ Bahawalpur side.”

“ (¢). Mr. Rayne is of opinion that not only the river channel but the inundation
“ water also should be excluded from the angle between the railway embankment
“ and the high bank of the river. Last season there was a difference of water level
¢ of three feet nine inches on the upper and lower sides of the embankment at half &
“ mile from the bridge abutment ; the embankment gave way, thongh not overtopped,
«¢ and large scour holes 20 feet deep were formed. Ile would, therefors, interpose an
¢ earthen embankment from the bridge abutment to the permanent high bank of the
¢ river protected in front by stone.”

“(d). Mr. Galwey thiuks that the admission of the inundation water would tend
“ to raise the level of the whole area by deposition of silt, and he would leave large
s gaps for the passage of the water through an embankment, in other respects similar
“ to Mr. Rayne'’s,

“(¢). Colonel Peile agrees with Mr, Galwey in the opinion that to admit the
“ inundation water would be advantageons, but thinks it wonld be preferable to allow
“ it free ingress over the sarface, and not force it through openings in an embank-
“ ment, he, therefore, would omit the eurthen emhankment, and limit the work to a
“ mass of stone, through or over which the water would enter.

“(f). We also ngree that protection of a similar character is required to the right
# bank.”

Measnres may be taken to afford reasonable security against the first
source of danger indicated above No. 1. The railway embaukment from
the bridge up to the high bank of the river, and the state road may be
raised to at least five feet above the highest flood ; the up-stream slope
of the railway embankment can be formed of clayey soil, which can be
obtained by excavating to a depth of six or eight feet on either side.
This soil, if carefully Jaid and well punned will be impervious to water.
The slope should be extended to a base of 5 to 1 in height, and should be
thickly grown with grass and tamarisk, These measures will probably
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suffice to resist the action of the inundation water, which, if freely ad-
mitted, will, in the process of time, raise the level of the surface of the
bay by the deposition of silt, until eventually the water should not be able
to enter at all. It would be necessary to prevent the off-flow of the water
along the embankment by a few spurs near the bridge, and the whole
area as suggested by Mr. Rayne, should be planted ont with trees.

To resist the second danger noted above, No. IL, viz., the incursions of
the main stream, is & more difficalt matter; the very lortuous channel of
1872-73 shows that we have reason to apprehend future attacks at a dis-
tance of a mile or more from the bridge head, and I am decidedly of
opinion that the only effectual means of opposing such attacks is the
interposition of a strongly constructed line of defence extending from the
bridge head to the high bank of the river.

I am disposed now to modify the form of embankment originally pro-
posed. I would omit the earthen embankment with the advanced protec-
tion of trees, and simply deposit a quantity of stone in a trench cut down
to the low water level. As the undercutting scour in the main stream

H
i
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i

£ : 26 ~.

extends to a depth of 30 feet; it may be assumed that a surface measur-
ing 42 feet on the slope, with the base equal to the perpendicular, must
be covered with stone to a thickness of three feet to afford sufficient pro-
tection ; in other words that for each lineal foot about 120 cubic feet of
stone should be provided. This quantity, or preferably 150 cubic feet I
would dispose in s stack of the cross section shown in the woodeut; a
trench being excavated for its reception where necessary. If the river
developed any tendency to cutting in the decp bay near site, the line of
protection would be extended towards W.

Rough stone from Chunneote is at present delivered at the bridge for
Rs. 26 per 100 cubic feet, and the cost of this protective work would, there-
fore, be about Rs. 40 per lineal foot for stone only. When, however, the line
oan be opened to Sukkur, a large reduction may be made in the cost of
stone, Assuming that it may be quarried for Rs. 2, and hauled the 220



214 - SUTLEJ RIVRR-TRAINING WORKS AT ADAMWAHAN,

miles at three pie per ton mile, as has been proved to be poslibla on our
metre gauge tramways, the cost would be Rs. 20 per 100 cubic fest of stone,
and the protective work would be constructed at Rs. 30 per lineal foot.

The line is 12,500 feet in length, and the cost of the work would there-
fore be

. Rs,
12,500 lineal feet stone, at Rs. 30, . e 8,75,000
12,600 lineal feet excavating, &c., at Rs. 2, e 25,000

Total, ... we 4,000,000

As, however, the work would have at least to be commenced with stone
procured at the higher price from Chunneote, it would be proper to esti-
mate the total cost at Rs. 5,00,000.

Protection of similar character will, I consider be required on the
Adamwaban side ; the Sutlej, in common with all the Punjab rivers, works
towards the north west, and year by year encroachments are made on the
high right bank. Close to, and above the hridge, the bank is at present
fairly protected by the masses of fascine work put in during 1871-72 and
1872-73, but there is reason to apprchend danger from erosion at Good-
poora and Lei-wahan, and I think we must be prepared to oppose any such
encroachment by a protection laid along the line A, V, T. At present
T would confine this work to the portion A, V, about 4,000 lineal feet,
and to a length of 1,000 feet below bridge, all of which should be exe-
cuted with Chunneote stone laid on the bank, sloped back to a base of 2

to 1 height, the cost of this portion would be
Rs,
5,000 lineal feet stone, at Rs. 40, ate o 2,00,000
5,000 lineal feet bank sloped, at Rs, 4, e 20,000

Total, ... e 2,20,000

Any extension of the work required hereafter should be in the direc-
tion indicated towards T, the stone being laid in a trench in manner
similar to that proposed for the Bahawalpur side,

I think that the tree spurs M, F and E, constructed during the two
past seasons, should be maintained, in order to resist any tendency of the
main stream to enter the large bay above new Meeani, and that the whole
of this area, together with the bay between Goodpoora and Lei-wahan,
should be thickly planted with forest trees, as proposed by Mr. Rayne.

In regard to the order of executing the work, it being impossible to
complete the whole in one season, I would propose first to add temporarily
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to the protection of the Bahawalpur abutment, by laying down a mass of
stone on the up-stream berm of the embankment ; I have already ordered,
that s reserve of 2,00,000 cubic feet of stone shall be laid down at once
in this position in & stack 2,000 feet long, with a cross section of 100
superficial feet. This stone would eventually be moved forward on the
advanced line of protection. The protective work itself should be com-
menced at the high bank of the river, and be projected forward until it
reaches the bridge, striking pier Q, the first pier from the abutment, o
that the abutment span may fall entirely within the line of protection.

I consider it would be unsafe to begin at the bridge end, as the work
might be outflanked by the river before the line could be completed, and
nggravate the danger it is desired to resist.

On the Adamwahan side no immediate danger threatens. There will
probably be a surplus of stone above that required for the bridge founda-
tions undertaken this season, end it will be stored along the top of the
bigh right bank above bridge.

I am opposed to undertaking any more measures for leading or driving the
stream during this cold season ; the channel, though tortuous now, occupies
& position peculiarly convenient for the bridge works ; it passes through the
second span from the Bahawalpur end, and thus the whole of the new work
of the season is directly accessible by tramway from the Adamwahan side.
Any interference up-stream with the river’s course might drive it on to the
works and cause much tronble. On the other hand, as has been shown,
temporary coercion of the stream; at this season, cannot be expected to
survive the action of a flood, and J regard expenditure in this direction
88 80 much money thrown away.

F. W. P.
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No. COXXIX.
HYDRAULIC EXPERIMENTS AT ROORKEE, 1875-76,
Bx Carr. ALLaN ConNiNeHaM, R.E., Hon. Fell. of King’s Coll., Lon.

ABSTRACT AD-INTERIM REPORT ON ABOVE.
References to printed Report of 1874-75.

{N.B.—Thess Results refer only to & rectangular section as in the Solani Aquaduot.)
1. THE former conclusion that the motion of water is technically
(Art. 25 of last Report.) ¢ unsteady " is fully confirmed.

2. The use of * Twin Balls ' for sub-surface velocity-measurement re-
quires the simultaneous observation of surface-
velocity over the same line. Near the margin
surface-floats move so irregularly, that it is impossible to satisfy this
condition tolerably in this position.

The “Twin Balls” are, therefore, useless for work near the margins.

8. Metal balls were introduced instead of wooden ones, and metal
tubes instead of the wooden rods, and have
been found to be free from the grave incon-
veniences of wood, and cheaper in the end.

4. At, and near, the centre, the mean velocity in a vertical plane,
found by measuring velocities at every foot downwards with the ¢ Single
Ball,” is now found to be nearly the same as the mid-depth velocity as

(Compare Art. 40, 62,72, measured by the same instrument, and aleo
of last Report.) nearly the same as the velocity of a “ Rod”
reaching nearly to the bottom.

(Art. 50 of last Report.)

(Art. 43, 67 of last Report.)
(Art, 71 of last Report.)
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5. The line of maximum velocity is usually below the surface; it is
highest at the centre, and gradually sinks towards the margin, being at
about mid-depth near the margius.

6. The mid-depth velocity therefore differs from the mean velocity of
a vertical plane by an amount increasing towards the margins, where it
becomes actually the maximum.

[It cannot, therefore, be adopted as a measure of the mean velocity of a vertical
plane, as proposed in America, except near the centre. ]

7. 'The mean velocity in a vertical plane, found by measuring velocities
at every foot of depth with the « Single Ball”
is liable to a certain error due to the surface
action on the attached surface-float. It is now found that the velocity
of a “ Rod” reaching nearly to the bottom, differs from the former mea-
sure of mean velocity constantly in such a direction as to be probably
free from that error.

The velocity of a ‘“Rod” reaching nearly to the bottom is, therefore,
probably as true & measure of the mean velocity through its plane of
motion as can be obtained in any other way.

On account of its handiness, cheapness, &c., it is, therefore, perhaps
the most convenient instrument for measuring the mean velocity along a
vertical plane, in moderate depths, say not greater than 12 feet.

(Art. 43 of last Report.)

[Should this be further confirmed, it will be a discovery of great imP;Mnm, asa
good measure of “Discharge” could then be obtained by its use with fair rapidity].

N.B.—The questions in paras. 4, 6, 7 above, were those suggested in
last Report, (Art. 78,) as most warthy of investigation.

8. The measurement of surface slope found to be a very delicate ob-
servation, too delicate for ordinary use.

9. Burface slope increases with decrease of depth at same section,
whether the canal be rising, stationary, or falling.

[This result is so extraordinary as to require further investigation].

10. Themean velocity of a whole section is not simply proportional to
/BB, but if we assume u = C o/&S, C must be a factor increasing with R.

[Basin’s factor 1 <~ (a 4+ %) is one of this kind : this is a partial confirmation
of his formula].

11, The mean velocity curve is found to be very flat indeed across

the grester part of the channel, there being no marked diminution of the
VOL. V1,—SECOND BER1ES. 2%
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 mean velocity (in a vertical plane) over about % of the width of the rectan-
gular channel : the diminution even close to the margin (of the rectangular
~section) is only about 4 of the mean velocity in the central vertical plane ;
on the other hand in a trapezoidal channel, the diminution of the mean
velocity is very great near the margin (i.e., over the sloping mdes),
amounting sometimes to § of the central mean velocity.
This shows that the mean velocity in 8 vertical plane depends in an
important manuer on the depth.
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No. CCXXX.

THE NEW RIGI COG-WHEEL LOCOMOTIVE.
{ Vide ¥rontispieco and Plate XXIX.]

By Carr. J. L. L. Mogant, R.E., 4ssvc, Inst. C.E., F.R.G.S., District
Engineer, Nilgiris.

Moxnseur Riggenbach—the able inventor of the rack-rail system of moun-
tain railroads—having abandoned the vertical boiler which was so
distinguishing a feature of his locomotives, now employs locomotives
whose boilers are perfectly hovizontal on a gradient of 1 in 10. We
illustrate on a large scale one of these locomotives in Platc XX1IX 5 the
Frontispicce and sketch will also be interesting.
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The engine is of 160 H, P. 1t weighs when ready for work 17 tons,
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and usually drags a train load of 13 tons up s gradient of 1in 5, at s
speed of 5 miles per hour. On special occasions it has dragged up a
gradient of 1in 6 & train load, equal to the weight of the engine, of 17
tons, at & speed of 74 miles per hour. The boiler capacity is 60 eubic
feet, and that of the water tank 53 cubic feet. The bunker holds half a"
ton of coals. The square feet of heating surface in the boiler is 44},
and the fire grate surface is 10§ square foet. The boiler pressure amounts
to 147 ths. on the square inch. The crank and driving axle, in connection
with the cog-wheel fittings, work the driving cog-wheel into the rack-rail,
and hence produce motion. In this way the locomotive power of the
engine is increased two-and-a-half fold. The driving cog-wheel has a
diameter of 8:46 feet, a circumference of 10-824 feet, and 33 teeth. It
is made from the finest steel cast in one piece, the teeth being scourately
cut out after casting. They stand nearly 4 inches apart from centre to
centre ; ten toeth occupying one metre (3:28 feet) of the rack-rail. The
driving cog-wheel usually makes 40-4 revolutions per minute.

The brake mechanism of the locomotive is three fold. (i). The erank-
axle-brake worked by the engine driver, which, when put in action, holds
the driving cog-wheel firmly, and prevents its turning and eo engaging in
the rack. (ii). The similar forward axle-brake, which is worked by the
stoker. (iii). The air-brake which, by means of compressed air in the
cylinders, works through the rods and fittings directly on the cog-wheel.

Engineering, Vol. XXIIL., contains, at page 165, figured drawings and
detailed description of a larger rack-rail locomotive used on the Kah-
lenberg line.

1t may be useful here to add a brief statement of the present position
of the rack-rail system of Mountain Railways.

There are now 8 Rack-Railways on the Continent, exther working or
in prooess of construction.

On these, 32 rack-rail locomotives are in use, as follows : —

On the Witsnaw Rigi line, (Switzerland) .. .. .. .. 10

Kahlenberg line, (Vienna,)

Schwabenberg line, (Pesth,) .
Arth-Rigi line, (Switzerland,) .
Rorachack-Heiden line, (Switzerland,)

Ostermuundingen line, (Bwitzerland,)
Wasseralfingen line, (Germany,) .,
Riiti line, (Switserland,) . .

Total, a2
* Of the type sbove iustrated.
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Nine types of the rack-rail locomotive have been constructed by Mons.
Riggenbach at his special workshops at Aaran. According to the con-
struction of the lines and the loads to be dealt’with, these locomotives
vary in weight from 10 to 80 tons, while the power they are capable of
developing varies from 80 to 400 horse power. The smallest rack-rail
locomotive yet made is capable of taking a load of 25 tons up a gradient
of 1in 10; and the largest yet designed, for use on main lines, will
take atrain of 120 tons at a speed of 6 miles an hour up a gradient of 1
in 20. TIn theengines for main linetraffic, the arrangement is such, that,
when a steep gradient is being ascended by the aid of the rack-rail, the
ordinary driving wheels become carrying wheels only; while on the other
hand, when the engine is being used as an ordinary locomotive, the rack-
rail gear does not work.

The Government of Baden have ordered the survey of a line on the
rack-rail system from Fribourg to Neustadt and to Donaueschingen in
the Black Forest, with gradients of 1 in 20,and 1 in 16}. The Italian
and Bwiss Governments have just sanctioned the construction of a trunk
line on this system 108 miles long. It will pass from Lake Lucerne on
the Bwiss, over the Alpine Pass of St. Gotthard, to Lake Como on the
Italian side, and will connect the following towns :—-Immecusee, Schwyz,
Altorf, Biasca, Lugano, Chiasso and Como.

“ Altogether the rack-rail system has many points in its favor, and
“wo regard it as pecidedly preferable in every respect to M. Fell's sys-
“ tem of centre rail with horizontal gripping whecls. That its employ-
“ ment will become considerably extended cannot be doubted.” (Ingi-
neering, June 1st, 1877, page 413).

J. L. Lo M.
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No. CCXXXI.

MOUNTAIN RAILWAY FOR THE NILGIRI HILLS.
(28p Racrre).

By Carr. J. L. L. Morant, R.E., District Engineer, Nilgiris.

[Tre suhject of * Mountain Railways” has been discussed in the
Professional Papers on Indian Engincering in two Articles, one (No.
CLXYV., July 1875) dealing dircctly with the question of a railway to the
Nilgiri Hills, »ié the Coonoor Ghaut, the second(No. CLXXXVI,, Jan-
nary 1876) relating to the Central Ladder system, as already employed
in Switzerland and Austria. The subject is one which must ere long come
before Indian Engincers in & practical form, as the net work of main lines
of railway over the plains of India approaches completion, and attention
and money can be spared for connecting this system with our Military
posts, our stations, and our colonies in the Himalayas, Nilgiris, and other
mountain ranges : meanwhile, it is of advantage to collect and analyse
all the information which the spread of the several Mountain Railway
systems in other countries renders available fo students of this special
branch of engineering scicnce, Tho readers of this publication are
indehted to Captain Morant, R.E., for careful investigations into the
working of Earopean lines, and for able reports and compilations, both in
regard to the proposed line over the Coonoor coast, and with respect to the
general question of different systems of Mountain Railways. Although the
Government of India are not at present prepared to sanction at the ox-
pense of the State the railway above referred to, it is possible that private
enterprise may raise the requisite funds; and the question eontinaes to
ocenpy the attention of the local officers. Captain Morant deeminy that
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the reluctance of Government to undertake the railway in question was
due’in part to the want of complete information in regard to the cost and
details of working of the several systems, has continned to collect further
data, and to correspond with the most eminent pioneers of mountain
railway construction in Europe.

The following extracts from reports and letters, &c., from this officer’s
pen, will be found interesting and instructive, and will make the reader
au courant with the latest progress achieved in the Rigi system of rail-
ways.—Ep. ]

In paragraph 2 of Public Works Department G. 0., No. 1213 of the
30th of April last, occurs this paragraph:—¢ The actual cost of con-
struction and maintenance of the Foll system seems to be but imperfect
1y known, and that of the Rigi system to have heen unduly enhanced by
the shortness of the lines on which it has hithorto been carried out.”
This appears to imply that more accurate infurmation regarding these
two systems is desirable, and I am informed that snch further information
has been asked for by the Government of India. I took the liberty of
gending the above . O. to Mons. Riggenbach, the Inventor of the Rigi
system and Director of Mountain Railways in Switzerland, with whom
I had been corresponding, and he has most readily and courteonsly,
throngh his colleague Colonel Zschokke, supplied me with a consider-
able amount of reliable information regarding both the above systems,
particalarly that of the Rigi, which I trust Government will be pleased
to consider of sufficient importance to be recorded in print, cither for pre-
sent or foture reference. I believe the Secretary of State for India hag
declined at this present moment to sanction any railway to these hills.
But sinco the desirability of such an undertaking will in a few more years
be probably placed beyond question, I hope Government will consider
that all reliable information which can in the meantime be collected is of
importance. I have therefore the honour to append Colonol Zschokke’s
lottor, and a survey plan of the Rigi mountain, as also translations from
the German and French of two pampblets rclating thereto.* I have
gone to some trouble to convert all German and French measuros, weights,
and money into their English equivalents, so that the whole subject may
be more ensily understood.

* Vide Professionnl Papard on Indien Engmeenrg, decond Sciiex Vol Vo, page !
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1t has been by many supposed that the Rigi system could only meet
s large passenger traffic, but it is now proposod for an annual grain traffic
of nearly 4,50,000 tons, or a daily traffic of from 1,500 to 2,000 tons. To
carry this traffic, it is to be laid on a gradient of 1 in 124, this being the
same gradient on which Foll’s system has been laid in Brazil. Bat
whereas Fell's engine has only been able to drag 27 tons, the Rigi engine
is calcalated to push up 60 tons of paying load on this gradient.

With rogard to Colonel Zschokke’s critigue on the Coonoor Ghaat
ostimates, there does not (when the figures are examined) appear any
serious difference between his estimatcs and those made by Major A.
deCourcy Scott, R.E., at least so far as the rack-rail system is concerned.
The cost per mile of M. Riggenbach’s railway from the table in para-
graph 25 of Major Scott’s report, after corrccting a slight error in addi-
tion, is put down at . v e .. Rs. 1,85,087

Colonel Zschokke’s estimate is e ey 1,94,887

Difference Rs. 9,300
or abont 5 per cent. Dut the latter’s charge for rolling stock, which is
per mile Rs. 13,400 over that in Major Scott’s report, is calculated for
a traffic of 21,000 tons per month, or twelve times the estimated traffic
on the Coonoor Ghaut. Thereis a larger difference in the respective esti-
mates for the Fell Railway, as follows :—

Colonel Zschokke's estimate, .. . .. Rs. 1,96,114
Major Scott's estimate (corrected in addition), ,, 1,59,714

. Difference Rs. 36,400
But the excess in the rolling stock accounts for Rs. 15,000, and for the
rest Colonel Zschokke's figures are probably more correct than Major
Heott's, No one, I presume, will now dispute that the Rigi system on
the Cioonoor Ghant will be cheaper than Fell’s system. Major Scott makes
the difference in his corrected figures £65,696, Colonel Zschokke makes
it £1,05,222.

With regard to the estimate for maintenance, it would seem that
Major Scott’s fignres are not likely to be excoeded. The annnal working
expenses of the Rigi line were £9,519 in 1874. Bat all expenses of
management and train service are, it is to be sapposed, greater for pas-
songers than for goods traffic, and will thus be proportionately less on
the Coonoor Ghaut, where it is chiefly goods traffic which has to be
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provided for. The train mileage compares—Coonoor Ghaut 17,000,
Rigi 20,988. The entire annaal working expenses on the Rigi (a sirgle
line) on a gradient of 1in 5, are 9s. 9d. por train mile. Over the
Arlberg (a double line), with a gradient of 1 in 124, they are calculated
at 6s. 6d. per train mile; but the cost of the traffic service (sach as
wages of ticket-collectors, porters, &c.,) seems to be omitted. The Arl-
berg Railway is so very different in its construction from what a similar
system on the Coonoor Ghsut would be, that it is difficult to compare the
two. The galleries and tunnels on the former would not be required on
the latter, and there is the single line against the double. The rolling
stock on the Bwiss line is also far greater than would be needed on the
Coonoor Ghaut.*

Ia paragraph 3 of Public Works G. O., No. 484 of the 19th February,
1875, sllusion is made to Mr., Handyside's method of surmounting steep
gradients by a combination of the locomotive with the stationary enginé.
As a locomotive on this principle was exhibited only the other day at this
year's annual meeting of the British Association at Bristol, I trnst I
may be allowed to quote what an able engineering writer of repute says
of it 1

“ Mr. Handyside's paper deseribing his patent locomotive, aud his proposals as to
the system of construction to be adopted in the railways of the futare, led to a
ﬁpmewhut warm disenssion.  Like most inventors, Mr. Handyside was unfortanately
disposed to ride his hobby to death. Instead of advocating the use of his systew
nder very special conditions, he seemed to argue that all railways should be made
n sfeps, long stretches of level alternating with short inclines of 13n 10, Itis
hardly necessary to say that such & scheme did not find favour with the Engineers

* Memsiours Riggenbach and Zechokke have proposed to apply their rack-rail system to the wire
Foye and stetionsry engine class of wonutain rallway. In the ordinary ralronds of this class, the
;weight bo be removed exerts a direct pull on the rope, requiring & maximum strength in ail the

nioving parts of the machinery ; in the method employed by Riggenbuch and Zschokke, » drum,
furpished with a toothed wheel working iuto a rack lajd between the vuils, is atinched to each car-
wrhge. and round it works the traction rope. This rope is carried yound pulleys with a diaweter
wnmclently large to obviate damage, druma being dispensed with. The rack movement enables
» ﬂm train to be bronght up at almoss any point ; and through the absorption by the rack of & grept
«wnon of the dead weight of the train, the driving rone can be slighter and more plinble. The

y@ifferenpe bedween this and the Rigi system ltos in the rack, which in the former case is laid on the
wmnnd whilst {n the latter it i carried by two bearers esch 7 inches thick, In the middle uf the
itrack st abont 995 feet apart are two rollers to guide the rope; while at each ond of ¥he hne are
{dyume 98 foet it dinmeter, thé upper one moved by water or steam.  The rotation of the drums at
{the head ol the incline imparts motion to tho endless rop: whiclh woves bhe two driving dises of

“the driving oars, oue of which fs attached to each nrcending and descending train, The driving

 oar constata of & frame restiug upon two axles, carrying a toothed wheal convected with the deiv-

. ing discs, and griplng in the rank, The brakes are cfectively worked from the plntform of the cur.

ryme Inat. O\, Vol, XLL, (1875, page 275,

-
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present, Mr. Brunlees in particular handling it very roughly. The locomotive* was
to have been seen at work at the Avonmouth Docks on Monday during a visit
which a large party made to the works by special train,  Unfortunately, however, a
plummer block cover connceted with the winding gear had broken, so that the special
feature of Mr. Handyside’s engine and the working of his system could not be seen.
The engine was taken up and down an incline of 1in 12, and the strut lever (the
lower end of which grips the rail with a kind of Fowler’s clip arrangement) proved
itself a most efficicnt brake as might have been expected ; it entirely prevented back-
ward motion of the engine and a heavy coal truck upon the incline mentioned. More
than this, however, the trials Jid not show. From what we heatd of the working of
the wire-rope arrangement during the few days for which it had been used, we think
it possible that in some few cuses it may be of use. These cases would probably
occur chiefly on works where otherwise a stationary engine as well as a locomotive
would have to be employed, but much more lengthened experience is required before
it is possible to say how far the system is snitable even for this purpose. The wear-
ing of the rope (which has of course no pulleys to run upon) and of the rails
under the strut brake are serious questions which time will answer., There does
pot seem any reason for thinking that the plan is adapted for general nse.”$

Letter from Covroxer O. Zscroxge, Chic/ Engineer of the International
Company for Mountain Railways in Aarau, to Caprain J. L. L.
Mozant, R.E., District Engincer, Nilgiris.,

Wae are in receipt of your letters of the 2nd and 24th of May respect-
vely, with the two orders of the Madras Government, dated respectively
the 1st and 80th of April, 1875. With reforence to the letter of
M. Riggenbach, in which he informs you that he will be absent from
Switzerland for several weeks, we have the honour to reply to these papers.

It is trae that your Government has corrected in their order-of the 30th
of April, a good deal of what was written in their order of the 1st idem,
Nevertheloss, we believe that your Government is not yet perfectly appro-
ciative of the superiority of our system, chiefly on account of soms errors
in Major Scott's and in your reports, which we have since corrected. There-.
fore we beg to be allowed now to furnish a confirmation of the statements
which we have already sent you, to correct the mistakes that have been
made, and to apply our system, as well as we can to the Coonoor Ghaut,

The subject of the Coonoor Ghaut railway, being by the last order of
the Madras Government placed on a new footing, we are in doubts, as
to whom we should offer these detailed statements; whether to the

* For drawing and description, se¢ Bugincering, Vol. XX., (1875,) page 188,
t Bugineering, Vol. XX, (1875,) page 187, ,
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Madras Railway Cowpany, or to the India Office in London, or to your
august Government. We beg, therefore, to be allowed to address this
letter to you, and request you to forward it to whomsoever you may think
the proper party.

I. AcruaLn cosT or EXECUTED LAppEr-Ratn Rainwavs witn a

aaven oF 4 rEEr 8} 1NcuEs.

(a). Vitznau Rigi Railiway, near Lucerne, (Switzerland.)—Grr dients,
meximum 1 in 4, averago 1 in 5, length 3:34 miles. Dr. Pole has cor-
rectly informed you that “the Capital of the Company was £50,000
which sufficed for the first establishment of the vailway, but the large
devclopment of the traffic has rendered necessary the doubling of 1% miles
of the line, the provision of more stock, the erection of enlarged stations,
workshops, &c.” Dut we add that on this line are now running ten loco-
motives and seventeen carriages, that the workshops have been enlarged,
and that the stations are as comfortable as possible, Therefore, the entire
outlay has riscn to £88,208, as you will find in the report of the Rigi
Railway for 1874, page 16.

This gives a rate of £26,427 per mile* There is, however, this to be
said, that this railway was constructed at a time, when the prices of
everything, especinlly of iron, were very low, and when wages were half
what they arenow. The information supplied to you by a gentleman from
Lucerne is not at all correct, for the work was commeunced after mature
congideration, and no experiments were made after it was completed.

(3). Kahlenburg Railway from Vienna, (Austria)—Uradients, maxi-
mum 1 in 10, averge 1 in 17+9, length 31 miles, with a donbie line througha
out its whole length, Compensation for land was unprecedently high,
becauss the Austrian Government did not permit us to appropriate it’
at a fixed value, Similarly, the cost of the very ornamental stutions
which had to be evected at Vienaa was very large.  Thus the railway cost

£2,00,000, ' Therefore a mile of the double line cost £64,510 1

# This is for = line of which one-lwulf has a double track.

+ Tbis line wes hegun In May 1878 and opened in ten mutths, It reccived nn ndvantages beyond
the more conceasion ; aud oWing to the exorbitant demands of the inudvwners, it proved a coms
mercinl fuflure, the payments tn them amounting to £50000 0 a fne ol ondy 51 miles in lepgth,
The bearing reils orch weigh 40 s, per yord, The eentre tah belweon them s composed of fwo
U-ghaped pleces of rolled iron, into which the wrorpht-iron lewh Sarming the vavk are placed
when the former ape hat, apd they kre secured jn paation by L0 nlrsetion of the metal, The rack
18 formed in lengths of 8 & foct, and weighn 30 9 ha. per Hneal foct. The velilug stock consins of 6
Tocomotives, 16 passenger oarviages, and ¢ goods w1, T8G9 Lo L 000 pobsons per day being
alde to beconveyed. Proc. Inst. C K., Vol Xif., \Rid,) page Sie,

VOL. VI,~=SRCOND SERIES, du
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(¢). Schwabenburg Railway from Buda Pest, (Hungary.)—Gradients,
maximum 1 in 97, average 1 in 11-8, length 1'8 miles.

The ontlay on this line was £50,040 or £27,777 per mile, .

The rolling stock of this railway is to be enlarged this year, because
the traffic has so much increasede

(d). Arth Rigi Railway near Zug, (Switzerland.)—Gradients, maxi-
mum 1 in 5, average 1 in 7'5, length 5-5 miles. (Besides this length ot
ladder-rail railway, there is a length of the ordinary line between Arth
and Oberarth ‘86 miles long, which we do not here further notice).
Much of this line being composed of rock, the cost of benching for the
railway was greatly enhanced. 'Fhe whole cost of this line thus amounted
to £1,60,000 or £29,100 per mile. This railway will shortly need more
rolling stock, which now consists of six engines and twelve carriages.

(€). Rorechach IHeiden Reailway, from the shores of Lake Cunstance,
(Switzerland.)—Go adients, maximum 1 in 11, average 1 in 14, length 8+4
miles.

Actual cost £88,000 or £26,000 per mile.

The abore statements show that none of the ladder-rail railways which
we have constructed have cost less than £25,000 per mile.t

11. DEeraiLkDp STATEMENT SHOWING THE COST OF THE LADDER-
Rarn Ratnway.

It is obvious that the cost of the surveys, of compensation for land, and
of benching out to form a roadway for the rails, in short of everything
except the permanent way, differ in all countries. Still we should be able
to prepare an approximate estimate for the Coonoor Ghaut with the use
of the rates in Appendix D, (in Public Works G. 0., No. 1218 of 830th
April, 1875,) if we had in our hands the survey of the site of the railway.
If you desire cur opinion on this point, please send us the plans with the
altitude heights marked thereon. In the absence of that survey, we will
confine cur opinion to the cost of the permanent way aud of the rolling

stock.

¢ The coucession for this liue was for forty yeurs, all land heing granted free and taxation re-
mitted for fifteen years. The track itsclf is a single one, but land and warks have been taken for s
double Mne. It was commenced in the summer of 1873, and opened for traffic in the following
vear. M. Uathray, & Swiss, wax the Engineer. Proc. Just. C.E., Yol XL1, {1815,) page 276,

t In Bwitzerland, eight lines provided with the contral rack huve been elther mmmted oY are
in various stages. Proc, i, B, Vol, XLI., (1875,) page 276,
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Permanent W;y.--#( a). Cost of the permanent way of 1 mile of the

ladder-rail railway with a gauge of 4 feet 8} inches at a port town in
Eurepe,
Cost
por mile.
£
2,145 Sleepers of oak, 6 inches deep by 7 inches wide by 7 fect 10}
inches long, including screws and labour, at bs. each, .. 536
3,520 Running yards of longitudinal timbers of deal wood 6 X 7 in-
ches, including screws and labour, at 1s. 73d. per yard, 290
1,760 Running yards of rack-rail, with fish-plates, angle irons, vivets,
bolts for the rack, screws and nails, &c., at £1 16s, 6§d.

per yard, . v NN . . . 3,218
64 Tons of bearing rails, at 36 s, per lineal ymd at £l45 per
ton, .. o . . . . 928

2} Tons of spikes, at £o4} pcr ton, v .o o .. 128
12 ,, of fish-plates,at £17 per ton, .. . . . 20

48 ,, of bolts, at £54} per ton, ., . ve . . 26
1760 Running yards of tracklaying, at 3s. 74d. per ymd . 319
,760 " 5 of ballasting and tamping, at 1s. 104, per yard, 161
Contingencies, .. . e . 47

5,668

It must be remarked that the price of iron is just now lower than it has
been. We could therefore reduce by 8 or 10 per cent. the cost per mile,
if the prices remain the same when you give us the order as they are now.
The cost per mile at a port town in Europe would thus be only £5,200.

. Per mile.
(4). In India— £
The cost per mile as ahove, .. . . . . 5,200
Add for wider gange, i. &, 5 feet 6 inches— £
For longer sleepers, . . . 52
» heavier rails, .. . . . 144

Ballasting and tamping, .. . e 28
— 224
Add for freight from a port town in France to India,
at £7 per ton for 110 tons,.. . o .. 770
Per kilometer, .. P11 ]
Or per mile, .. R oo 1,590

Cost of Permanent Way per mile in India, .. 6,790 (at present
————— prices),
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Rolling Stock.— A, Engines.

(@)—4 locomotive of the Vienau Rigi-Railicay, with vertical boiler,
which can push up on a gradient of 1in b a paying load of 9 tons, at a speed
of 8-1 miles per hour, costs at the workshops in Bwitzerland, £1,800.

(). A locomotive of the Arth Rigi-Railiray (also applied on the Kal~
lenburg on the Schwabenburg and on the line from Rorschach to Heiden),
with horizontal boiler, which pushes up on inclines of 1 in 8 a paying load
of 25 tons at a speed of 5 miles an hour, costs at the workshops in
Switzerland £2,200.

(¢). A locomotive of the mized sysiem with horizontal boiler, which is
able to run as well ou the ladder-rail as on the ordinary railway, and which
pushes up on an iucline of 1 in 10 of the ladder-rail line a paying load
of 30 tons at a speed of 44 to 5 miles per kLour, and upon the ordinary
railway on an incline of 1 in 28 the same load at a speed of 7T} to 9
miles per hour, costs at the workshops in Switzerland £2,400.

The gauge of the above three engines is 4 feet 8} inches. The order
of the Madras Government directs that ‘the engines used for the ghaut
ascent must be capable of working also into Mettapolliam, to avoid the
necessity of having anything more than a roadside shed at any such
uchealthy localities as Kuliar or Burliar.” Engine (¢) would exactly
serve this purpose. This engine on the Indian gauge of 5 feet 6} inches
(end if desired constructed for a higher spoed) would cost at the Bwitzer-
land workshops £2,640, or delivered at Marseilles £2,840. But if the
order for these engines was received immediately, looking to the present
lower prices of iron, we could deliver them at £2,400 and £2,600 each
at those respective places.

B. Carriages.

As stated in our letter of the 30th of December last, the cost of our rail-
way carriages delivered at Marseilles is as under:—

R
One 1at class carriage for fifty-four passengers withont windows,
but with venetian blinds as on the Rigi,. ve . o 440
One second-class carringe do,, . . < o 880

One goods wagon capable of carrying 7 tons of paymg lond, .. 220

All the above carriages have cog-wheels, which can at pleasure, in a mo-
ment, be engaged in the rack rail by an axle brake. Carringes of the above



MUUNTAIN RAILWAY FOR THE NILGIRI HILLS, 231

kind, onlarged to suit the Indian gauge of & feet 6} inches, would cost 20
per cent. more.

IIl. Tus cost or TEE LappEr-Rar RalLwaY COMPARED WwiTH

THAT. oF THE Frrn Rarnway.

{a). Surveys, preliminary crpeases, and supervision must cost per mile
the same in both systems, Therefure, as Mujnr Scott has estimated
Rs. 15,000 for the Fell system, it is uct correct to place a larger amount
against the Ladder-rail railway.

(b). Excavation and embankments.—You will fud that what we now
state is the fact, viz., that the embankments and cuttings become less in
yuantity as the gradient increases in stecpness, for the traced line can
then be made to fit more closely to the natural elope of the ground.*  The
cost of excavation and of embankment are thus decidedly less in the Rigi
system. DBut not being in possession of the plans of the Coonoor Ghaut,
we cannot state what this reduction will be, so we will forego this point in
our favour,

(¢). Permanent way.—We have before explained in detail that the per-
manent way of the Rigi system costs per mile £¢,790.  On Mount Cenis,
the cost of one mile of the Fell system on a gauge of 8 feet 7% inches
was a8 follows :—

Cost per mile,
£
2,145 Slecpers of oak 77 X 94" and 6 feet 10§ inches long, at 7s.
4d, eu(h e v . 787
1,760 Running yards l(mguudmal zxmbms 95" )( BILN mdndm;.,
serews and laboar, &c., at 3s. 2§d. per yard, e 282
198 Tons of rail (at 76 the. per yard), at £145 per ton, 2,871
4 Tons of fish plates (1,126 in all), at £17 per ton, .. w68
*96 Tons bolts (2,253 in all), at £344 per ton, ... o e B3
4,200 Chairs at 20 s, each == 43} tous, at £224,... . e 979
584 Chairs at the joints of the middle rail at 22 s, each == 5 tons,
at £32 per ton, e e v . w160
1,786 Chairs in the intermediato spaces of the middle uul each 16
s, = 14 tous, at £22} per ton, ... e we 816

1,760 Running yards of track laying, at 8s. 7d. per yard, . 819
1,760 Runaing yards of ballasting and tamping, at 1s. 10d. per
ranning yard,... v .. 181

Contingencies, ..  «oo v e e 88

- —

Cost per mile of Fell's Permanent Way, ... 6051

* This i8 an important practical fact worth nolicing.



282 MOUNTAIN RAILWAY FOR THE NILGIRI HILLS,

£
Brought forward, . 6,051
Add for widening gauge from 3 feet 744 inches to 5 feet _
6 inches for sleepers 2,143, at 2s. 5d, each, ... w260
For rails (to have & weight per lineal yard of 85 tbs.)* 26
tons, at £14} per ton, o B78
[{
Balasting and tamping, o ——'_)l- 729
Freight from a French port to India, 291 tons at the same
price as before, viz., £7 per tou, ... 2,087
Cost of Fell's Permancent Way in India per mile, 8,817

(d). Mauasonry Works and Qirders.—As we pointed out nnder (b), the
embankments and cuttings will decrease in size as the grade increases in
steepness.  The bridges will do likewize. But here also for a second
time we will forego this advantage in favour of our system, as we do not
possess the plans of the Coonoor Ghaut. We will therefore take Major
Neott's figures, viz, Rs. 20,000 per mile. .

¢). Stations and Buildings.—Both lines will need the same number
of stations, &e., independent of their length, as they connect the same
places. Therefore as Major Scott estimates for the whole line £12,600
the rates per mile for the ladder-rail railway-—

7 miles long will be, ‘e e 171:?:10
And for the Fell line 12 miles qug will be, ... . 10,000

(f). Rolling Stock. A. Engines.—We will assume a traffic that will
need seven engines of the kind (c) of the ladder-rail railway. Sach an
engine pushes up 18 tons on a gradient of 1 in 8 at a speed of 62 miles
per bour. The seven miles of the ladder-rail railway will thus be tra-
versed in 67 minutes. Let us suppose that 23 minutes are needed for
taking in water and for ciling the engine, &c., and that each engine
works nine hours a day. Then each engine will push up and down 108
tons per day, or all the engines 756 tons. With the locomotives on
Vell’s principle on Mont Cenis, 18 tons were taken up by each engine at
a speed of 83 miles per hour on a gradient of 1 in 13. As the Fell ays-
tem will ascend the Coonoor Ghaut in 12 miles, each engine will require
87 miyutes to push up a paying load of 18 tons, Taking as before 23
minutes for taking in water, &ec., and nine hours for working per diem, the
same total load-of 7566 tons will require eight or nine locomotives on the
Fell principle.

* Theeo rails are much heavier than these entored in the Rigl system estimate.
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If, therefore, the traffic on the Coonoor Ghaut stands in need of seven
engines on the Rigi principle, it will require eight or nine locomotives on
the Fell principle to ascend the same height, and to do the same work in
the came time. The engines for the Fell railway being much more com-
plicated than those on the Rigi system, (because there are four instead
of two cylinders, four instead of twodriving wheels, and because they are
constrncted much heavier in every way,) they will cost on the Indian
gauge, and ivcluding freight to a French port, £8,000 each.

B. Carriages.—The cost of each of these on the Iell line will be the
same as those on the Rigi, but more will be needed in proportion to the
greater number of engines. Thus if the ladder-rail railway stands in need
of 21 carriages, the Fell railway which ascends the same height will re-
quire 25 or 26 carriages.

Thus the outlay for rolling stock will be on the ladder-rail railway——

£
7 engines, at £2,600 each, e . e .. 18,200
21 carriages, at an average price of £400 each, . 8,400
180 Tous freight to India, at £21 per ton, e 3,780
30,380
On the Fell Railway—
From 8 to 9 engines, at £3,000 each, ... 25,500
From 25 to 26 earriages, at £400 each,.., 10,200
220 Tous freight to India, at £21 per ton, 4,620
— 40,320
Or the rates per mile will be—
For the laddor-rail railway 7 miles long, o 4340
For the Fell railway 12 miles long, ... .. .. .. 33860

—ann

(9). Electric Telegraph and Fencing must cost the same per mile in
both systems, Therefore as Major Scott takes £150 per mile for the Fell
line, the same must be allowed for the Rigi system.

(k). ZLand Compensation.—This is alvo the same per mile in both
-systems, and may be taken as Major Scott does at £50.

(/). Contingencies.—We cannot understand why Major Scott puts a
larger outlay per mile against the ladder-rail than he does for the Fell
system. We will, however, raise no further objection to it and retain his
figures. .
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Comparison of the cost of Railways on the Fell and Rige principle applicd
to the Coonoor Ghaut on the Indian Standard gauge.

Fell Railway Rigi Raflway
Particulars. gradient gradient
lin 12, iin 7.

v

Cogt per mne.’cm per mile
£ £
(a). Survevs, preliminary oxpenscs, and snpervision, ... 1,500 | 1,500
(2). Excavation or embankment, (formation of rondway,) . 2,000 2,000
(¢). Yermanent way und ballasting, ... o 8,780 6,790
(d). Masonry works and girders, ... 2,000 2,000
(e). Station bLuildings, gates and crossings, ... 1,000 1,714
(7). Rolling stack, .. e e es - 3,360 4,840
(g). Electric telegraph and fencing, ... .- 150 150
(k). Compeusation for land, «. .o o Lo LD oo 50
(/). Contingeucies, ... N N o 171 8956
Total per mile, 19,611 19439
Mileage on the ghaat, ool 12 7
Total cost of construction of ghant line, . 1,86,073
Extension from Metapolliam to Kullar, v “ . 50,000
Total cost of the line from Motupolliam to Coonoor,.. 'x w2l L6073
Interest on outlay during construction at G per cent, T iy 11, IG
——
Capital charge, 5 lr.’,4 92 1:.-:!7
Whereas Major Scott estimates this at 258,650 l ) 86,437

We have thus establichod—

(a). That the cost of one mile of the Fell Jino will be £172 more
than that of the Rigi railway.

(b). That the cost of the whole line on the Tell principle is in round
nambers £1,G:,000 more than that on the Rigi prineiple.

IV. The cost of Muintenance and Werling—¥ow il nay persons
here are acquainted with the circumstances of the Indian lines, still fess
with those of the Coononr Ghaut.  We ave therefore yuite auable to furm
an estimate of the working cust in that place.  But we ean state from
our experience in BEurope, and from onr detailed calealations thereon,
that the working expenses on & ladder-rail vailway on a gradient of 1 in
7, are in Europe about 50 per cent. cheaper than those on o Fell railway
on a gradient of 1 in 13.%

* This {x an important fuct conGrmed frow other anuroes.
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V. Recapitulation.—In this fresh discussion of the question, the follow-
ing points have been established :—

*(a,). The actual cost of the ladder-rail railways, which have up to
date been constructed in Europe, has never been less than £25,000 per
mile. Nevertheless £20,000 per mile will probably suffice to construct a
ladder-rail railway on the Coonoor Ghaut.

(). The Fell locomotive will not carry up twice the paying load
which the Rigi locomotive pushes up. The load is the same in both
principles, viz., 18 tons.

(¢). 1t is true that the mechanical principle of the Rigi system does
not allow of & high absolute speed.  But the effect on the Coonoor Ghaut
will be that the ladder-rail railway of 7 miles in length, will be ascended
at a speed of 6'2 miles an hour in 67 minutes, whilst the same height
can only be climbed up in a length of 12 miles by a locomotive on the
Fell railway at a speed of 8:3 miles an hour in 83 minutes.

(). The costof a mile of the ladder-rail railway will be about £172
less than that of a mile of the Fell railway including rolling stock.

¢). The whole Coonoor line will be about £1,05,000 cheaper on the
Rigi principle than on the Fell plan.

(f). The expenses for working and maintenance are ahout 80 per
cent, cheaper on the Jadder-rail railway than on the Fell railway. We
may further notice that—

(9). The power of the Rigi engine is not limited (as is the Fell en-
gine) to the variable adhesion of the wheels to the rails, By strengthen-
ing the engine, and the rack rail, the power of pushing up loads can be
incressed to almost any extent, and can be made to work quite indepen-
dent of weather.

(k). The wear and tear of the rolling stock, rails, and racks is very
insignificant in the Rigi system, while the rails of the Fell line must be
renewed once in seven or eight years; during the five years that it has
worked, the ‘Rigi rails have been hardly at all affected.

(z') As we have before explained, the combined engines can run on the
ordinary rail as well as on the ladder-rail. Thus the rack can be discon-
tinued and. resumed st intervals withont stopping the engine.* Such a
raﬂwny emets in Ostarmundingen near Bern (Switzerland). We con-

' * This improvement is making the Rigi system more generally applioable.

. YOL., VI—HECOND SERIES. 21
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tracted and started it four years ago. The results of its working are
excellent.*

(k). Finally, we beg to state that the security of the Rngx system satis-
fies every one, and is ag perfect as can be conceived. This is confirmed by
the fact that during five working years, no aceident, however slight, has
ocenrred on the lines we have made.

We should much like to come to terms with the Madras Government
conserning the delivery and setting up of the permanent way, the delivery
of the rolling stock, and the starting of the working of the line, If re-
quired to do so, we shall be happy to send one of our Engineers to advise
on the direction which a line on our system should take on the Coonoer
Ghaut.

We beg you will be good enough to lay this matter before the Madras
Government and inform us of the result.

0.2

Tur Racr-rain RAiLway sysTEM IN GERMANY.

Translated from the German by Carraiy J. L. L. Moraxr, R.E., Dis-
trict Engineer, Nilgiris.

( From the Basle News of November 1876.)

% The Swabian Mercury gives the following description of the recently
completed rack-rail railway to the iron mines of Wasseralfingen in the
Duchy of Wurtemberg, which was opened last October.

This line, interesting as being the first rack-rail line in Germsny, is
worked with light trucks made wholly of iron, which convey the ore from
the mines to the foundries, and the slag back again. The trains are
drawn by a locomotive specially constructed for this line. At some dis-
tance from the foundries there is an engine shed, where the locomotives
are kept when not in use, where they are cleaned, and where, if necessary,
they are repaired. The locomotive (to correspond with the small mineral
wagons) is but of moderate size, though of elegant design, and was

® The Ostermundingen railway was constructed four yearaago to open np cortain qusrrios anwell )
o8 for passenger trafio. Aftera Jovel run of 4,020 foot, it rises with & gradient of 1n 10, for a distanes
of 1,640 feet, where it again takes s lovel run into the quarrios. The central rack rail is onty Inid
on the rising portion of the line, the locomotive belng constructed 8o as to ‘work like an ordinsry en-

gine until it reaches the sacont, when the machinery is put in goar with the rack, This rellway

connects with one of the main lines of the country, mm&muﬂmwmnmm
same.  Proc, Iasl. CuByy Vol XL1.,) (1676,) page 277,
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constructed. by Messrs, Heim and Riggenbach at Asrau. Guided by
these two gentlemen, it left its shed and travelled over the smooth rails
of the foundry, all the furnaces and workshops of which are connected
by rails, forming a perfect net work, Adjoining the foundry, another
company have established works for manufacturing very superior bricks out
of the slag mixed with slaked lime. The locomotive, on the day of trial,
was attached to 12 trucks, specially constracted for convenience in loading
and unloading the mineral ; these were filled with slag dust, and some
were boarded for the occasion to form a platform, on which the numerous
gentlemen, who came to witness the experiment, took their places. The
train was started amidst the cheers of an assembled erowd of mechanics
and miners, who had been promised a special trip in the afternoon. The
train travelled at speed towards the incline of “ Appenwangs™ over the
plain on smooth rails rising 1 in 40. As we approached the foot of the
incline, the rack-rail railway looked proudly down upon us from a great
height. Its gradient is 1 in 11. We passed from the smooth to the
central rack-rail successfully, and went for some distance over the latter,
when we returned to the foundry. The method of providing for the safe
passage of the locomotive from the smooth to the central rack-rail is not
50 easy as might be supposed. A peculiar and beautiful arrangement is
neoessary. It is as well to mention this, and to draw attention to the
way in which the machinery of the locomotive is gradually brought into
connection with the central rack-rail, In advance of the regular fixed
ocentral rack-rail is a piece of central rail resting on a powerful elastic
spring, the rungs of the rail ladder being at  greater distance apart than
in the regular rail and diminishing by degrees in distance until the nor-
mal distance between the rungs is obtained. The toothed driving wheel
of the locomotive, on reaching the first rung or cog of the advance rail,
presses down the elastic spring, and its tooth drops down somewhere
between the first and second cogs; by this means the teeth of the driving
wheel, as it moves forward, are guided by degrees over the cogs of the
elastio rail into the normal fixed rail, on reaching which the driving wheel
has ndjusted itself to its proper position with reference to the central rack-
rail, sud its testh work into the rungs of the ladder withouta jar. This
arrangement requires to be seen to be thoroughly understood and appre-
ciated. In conclusion, we can with pleasure testify that the rack-rail
railroad at Wasseralfingen admirably answers all its purposes.”
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(From No. 19 of ¢ The Swiss Raitway Journal.’)

“ The cog-wheel locomotive constructed in the Workshops of Aaran for
the Wurtemburg Mining Company at Wasseralfingen has been illustrated
in this Journal. On the 27th and 28th of October, it was, under the per-
gonal direction of Mons. Riggenbach, first tried there in the presence of
the following officials :—The Consulting Kngineer, Mons. Morlock, the
Mining Director, Mons, Erhardt von Kuapp, the Railway Inspectors,
Messieurs Hahne and Ieim, the Professors of Technics, Messieurs
Miller and Dorn, and many other leading gentlemen of the Ratlway
and Mining Departments, The results of the trial were in every parti-
cular highly satisfactory. The line, on which the locomotive was tried,
is of metre-gauge. Tt connects the iron foundries at Wasseralfingen
with the mines, which are 2624 feet higher than the foundry, The
line is made partly in the ordinary way on an incline of 1 in 40, and
partly with u centre rack-rail on the Rigi system with a gradient of 1 in
13. It being essential that but one locomotive should drag each train
over both lincs, the locomotive referred to has been constructed to traverse
the smooth and more level rails, aud has been also provided with a cogged
driving-wheel to run over the rack-rail portion. It performs both duties
satisfactorily, as the trials witnessed at Wasseralfingen plainly showed.
Nine loaded trucks, weighing in all 28 tons, were drawn up the incline of
1 in 13 at a speed of ncarly 94 miles per hour ; but, as a rule, the speed over
similar rack-rail inclines is not intended to exceed 5 or 63 miles per hour.
The above locomotive loaded with fuel, &e., and ready forstarting, weighed
11 tons, Thus at the trial it dragged up an ascent of 1 in 13, & train
weighing more than 2] times its own weight, at a speed of 94 miles per
hour : whereas the locomotive on the Netliberg line on an incline of 1in 14,
in favourable weather, drags up only a train of its own weight, On the
ordinary portion of the Wasseralfingen line, with the 1 in 40 gradient,
the cog-wheel locomotive easily drew the above 28 tons of train weight
at a speed of 12} miles per hour. The chief difficulty of passing without
slacking speed from the ordinary smooth line to the rack line and vice

versd, has by a clever arrangement been completely overcome.”
J L. LM
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No. CCXXXII.

SECTIONS OF INDIAN WEIRS.
[ Vide Plate XXX.]

By Masor A. M. Lang, R.E.

Tue accompanying Plate XX X.,—which shows at one view, and drawn to
one scale, the sections of twelve different weirs built in the Punjab, N. W.
Provinces, Bengal, and Madras,—was prepared for insertion in the new
edition of the second volume of the Roorkee Treatise of Civil Engi-
neering, as an useful and instructive illustration of this class of engi-
neering works as existing at the present date in India. It is repro-
duced in the ‘ Professional Papers on Indian Enginecring,’ as it is believed
that it will prove interesting to many readers of this publieation, who
may not have opportunities of consulting reports, &c., of different dates
and from . different parts of India, and of thus comparing various modes
of weir building obtaining in this country. To render the information
given in the Plate more complete, a few remarks in regard to each of the
weirs represented will be here given.

1, 2. Myapur Dam, Northern Ganges Canal.—This is an ex-
ample of an ¢ open dam,’ differing from the unbroken ¢ anicuts’ of Madras,
and the solid weirs built in later years in Northern India. As stated by Sir
P. Cautley, (in the following extsact,) this dam is ¢ in fact, a line of sluices
with gates or shutters, which are capable of being laid entirely open down
to the bed of the river daring the period of flood.” And this system he
deliberately preferred (for the rapidly rising rivers of India) to that of a
long unbroken weir with elevated sill, such as now generally adopted in
this country, and such as is used in Piedmont and Lombardy. In discus-
sing the canals of Piedmont, Sir P. Cautley writes as follows ;—

" The water is taken from the river and directed to the wonth of the caval as in
Lombardy, by a masonry weir unbroken in its whole length, excepting at one point,
through which the surplus water escapes with great violence; between this weir and
the regulator are sluices detached from the weir, for the purpose of passing off surplus
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the weir are ever likely to be puddled by the action of the water, being convineed that
water into the bed of the river, and by these means regulating the canal sapply. In
Lombardy precisely the same plan is adopted, and in the case of the Muzza Canal,
the weir extends vompletely over the bed of the river; and the regulating sluices,
which are sitnated between the head and the bridge of communication for the rail-
road, are of the same description, and on the same principle as those used in Piedmont,

This system of detached sluices in the position which I have ahove described, is
much epproved of by the Italian engineers, as—independently of giving a ready
escape for surplus water—they provide a scour, and thereby the means of getting rid
of the silt and deposits which invariably establish themselves in the mouth of the canal.

On the Lombardy canals, and under the advantages with which their water
reaches the canal heads, the clevation of the sills of the weirs does not appear to be
of serious consequence in raising the beds of the rivers on the up-stream side. In
Piedmont, on the contrary, where the weirs are built over rivers directly running
from the mountains, the cffects of deposits above the weir, as might have been ex-
pected, are of a very scrious nature, At the time that I visited Ivrea and the head
of the Ivrea Canal, this evil appeared to me to have reached a maximum, and large
parties of labourers were employed in the water in removing the sand and gravel,
and clearing an open channel in the dircetion of the canal head. It has been found
expedient in the canal works in the North West Provinces of India, to avoid as much
as possible any elevation of sill to the masonry dams which cross the rivers at the
heads of canals; these dams are, in fact, a line of sluices with gates or shutters,
which are capable of heing entirely laid open down to the bed of the river during
the period of floods. In rapidly rising rivers, like those in India, the method which
bas beer adopted by our engineers is, T believe, the most appropriate. In some
cases, perhaps, it might be modified with advantage, where the head supply for the
canal must necessarily be raised to a considerable height above the dam flooring, as
in the case of the Myapur works at the head of the Ganges Canal ; but in sach
cagses, the advantages of modification would be found in incrensed facility of man-
agement during floods, due to the diminished area of sluice surface, rather thaa in
any particalar benefit in the maintenance of supply.

This dam differs also from the weirs now generally constructed, in

regard to its position in relation to the head sluices of the canal, which
are, at Myapur, placed in a ‘Regulating Bridge,’ situated, not on the
flank revetments immediately adjoining the weir abutment, but 200 feet
or more down the canal channel. This is a defective arrangement, as the
¢ pocket’ thus formed between the regulator and actual commencement
of the canal channel is filled by an almost still backwater when the
waters in flood are pouring over the dam: and this ‘pocket’ becomes
shingled up, with 7 or 8 feet in depth of boulders and eand, and the
supply entering the canal js reduced until this acoumulation is nleared
away. The dam is thus described by Sir P. Cautley:—

Tho left fuuk of the dam abats upon an island, in which neadly one-half of its
full width was excavated, The island at the point of contact, althungh terminating
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at a short distance below the work, is composed of compact earth and shingle, and
affords a sound and efficient resting place for the flank walls. The right flank falls
within the precincts of the branch, as it existed at the period when the works were
lined ont, and is consequently backed by shingle and soil excavated from that portion
of the month which lies north of the regulator.

The floorings of the dam and of the regulating bridge aro laid on one level, aud the
front line of the latter is the zero upon which the whole of the canal excavations are
referable, The zero point was fixed by me on my original survey ; it was, in fact,
the bed of the branch at that period, as nearly as the calculated bed levels of the
canal, between the head of the first set of falls at Bahadurabad, and the foot of the
Gunes Ghat, would admit of.

The dam itself, which is 517 feet betwoen the flanks, is pierced in its centre by fif-
teen openings of 10 feet wide each ; the sills or floorings of each opening being raised
24 foot from the zero line, These floorings are so constructed, that if nceessary,
they may be removed, and a flush waterway he obtained as low as zero. The piers
betwoen the above openings are 8 feet in height, so that the clevated flooring leaves
the depth of sluice-gate equal to 55 feet. The piers, however, are fitted with grooves
for the admission of sleeper or vane planks, to which I parpose restricting the appara-
tus for closing the sluices, nntil experience has been gained of the effects of deposits
on the up-stream side of the werks, and the advisability, or not, of maintaining the
raised sill to the openings. There are great ndvantages in the sill being raised, with
rospect to facilitating the opening and shatting of the sluices ; the arrangement also
rednces the gates to a moderate height, and cousequently to & more manageable
dimension for working ; it admits, moreover, of the siuices being opened and closed
in & much shorter period of time. Opposed to these advantages, however, is the
certain consequence, I imagine, of deposits arising from a bar of masonry raised 23
foet above the true level. The adoption of this bar, it will be understood, is purely

‘oxperimental ; and should its existence be found hereafter to be detrimental to the
‘works, it can be removed.

The centrical sluires above described are connected to the flanks by overfalls, rising
‘in gradations of one foot on three serics ; the overfall nearest to the flank being raized
10 feet above the zero point. The flank walls themselves arc 183 feet in height, ex-
clusive of cornice and parapet, which rise 5 feet ahove them. The top of the overfalls
ton the right and loft, as well as that of the piers, is flat; the former being an espla-
nade varying from 7 to 10 feet in width, which during dry weather is counected by a
,“tempomry communication formed by planks thrown across the sluice openings. This
fasplanade is at each extremity terminated by a flight of steps, which gives access to
W&rooms; in which, when the dam is laid open, and the woodwork removed, the
Jatter is lodged for security. 'The two buildings for this purpose are situated on the
‘flanks ; their floors are raised 20§ feot from the zero point, and their interior dimen~
#ions ‘are 80 feet in length by 16 feet in breadth.

The flank revetments, which are built on the right and left of the down-stream
ipide of the dam, and between which the escape water has to pass, have been designed
%"m‘ an inclinssion inwards equal to 13 feet on a length of 80 feet.

" Its main object is to keep the carrent in the centre and away from the sides, md
: 1t is more economieal in its construction.

 The transverse width of the dam platform is 44 feet, measaring from the up- to the

! down-stroam face of the work. Of this measurement, 20 foct 11 inches are given to
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* the tail which delivers the water upon tho naturalbed of the river, consisting of large
bouldérs and shingle.

The raised »ills, or floorings of the openings, above alluded to, are shown
in Plate XXX, (Figs. 1 and 2) as at this time existing : being brickwork
elevated sills laid on the original boulder-masonry floors on ‘zero” level,
The narrowness (44 fect) of the dam platform, contrasts strangely with
the width of other weirs, (e. g., Okhla, Bezwara, &c.,) but it must be
remembered that the bed of the Ganges at Myapur consists of large
and small boulders, forming a natural taluz below the weir: and that
owing to the backwater of the other open channels of the river, the bed
of the Myapur chanuel below the weir has a tendency to rise instead
of being scoured away. .\ new weir across the whole river, 2 or 3 miles
above the Myapur dam, is now under construction ; which will thorough-
ly modify the existing arrangements of headworks,

3. Narora Weir, Lower Ganges Canal,—This is the most recent
of the large and important weirs lutely built, and from the volume of the
floods, the sandy nature of the river bed, and the absence of material on
the site suitable for a weir of this deseription, the difficulties to be ¢ontend-
ed with have been very great. The dam proper is a solid wall of brick
masonry 3,700 feet in length : the Aoor below it is of conerete, (3 feet,)
coverced over with brickwork, (1 foot,) and then with one foot of sandstone
ashlar: and the talus below is formed of very large masses of block kan-
kar brought from (uarries at 30 miles distance. The np-stream side of
the dum is backed with clay puddle, pitched on its outer slope with an apron
of block kankar. wet

The length of the weir was settled by Major Jeffreys, R.E., as 4,000 feet,
on the following data: an afflux () of 14 feet, when the river is at its
highest, was accepted as perfectly safe: a maximum flood level 6 feet
(a — b) above sill of weir: a maximum flood volume (Q), over the weir, of -
2,00,000 cubic feet: a surface velocity (w) of approach of 6 feet : thm'
figures applied in D'Aubuisson’s formnla, :

Q = 340 Ih /KT 03507 + 497 (@ — b) A/K+ 02 20V,
T T T give the value of [ == !engt.h of wéu:‘
m 8,766 feet. Colonel Brownlow i re-
s viewing the project and deprecm’tmg 8
i . proposed reduction of the length set--
tled by Major Jeﬁfreya. showed that a maximum flood of 2,30,000 cubic feet:
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might not unreasonably be expected, and that taking into consideration
the circumstances of the site, the light and friable nature of the soil of
the khadir, and the lowness of the ridge which intervenes between the pre-
sent channel of the river and the broad parallel trough of the Mahewah
valley, it would be very dangerous to contract the weir and raise flood levels.

The necessity for well foundations, especially for a strong line of deep
blocks along the lower end of the stone floor, and also for staunching all
leakage by a puddle of clay above the drop-wall—with a view of holding
up all the water possible, and thus losing none of the supply when the
river is at its lowest-—of stopping all flow under the floor to the risk of
undermining and destroying it—and also of resisting retrogressive action
below the weir,—was strongly urged in Colonel Brownlow’s review of the
project, as will be seen from the following extract. [The remarks on these
points in regard to the Coleroon and Godavery anicuts (vide pages 250
and 256) should be compared with those in this extract.]

My reasons are, first, that all our experience in Upper India shows that where velocity
of a stream is largely augmented by the constrmction of a barrier across it, permanent
deepening of the channel below invariably takes place ; and secondly, that leakage
will ocenr through the sandy bed underneath a dam with shallow foundatious.

Deepening of the bed has taken place on all the torrents across which weirs have
been thrown on the Eastern Jumna Canal, and it is now occurring at Okhla. It
occurred below the Dhanauari dam on the Ganges Canal, until the obstrnction caused
by the dam was reduced, so that the normal velocity of the torrent was nearly restor-
ed, when the channel helow partially silted up again,

This fact alones a very strong argnment against the proposed reduction of length of
weir, but as our weir at Narora will in any case greatly accelerate the mean velocity
of the floods, we must be prepared both for retrogression of levels, and the formation of
very deep holes immediately below the talus of heavy material. Those at the tail of the.
Okhla weir after the floods of last season, were from 19 to 20 feet deep ; but whereas
at Okhla the materials for filling them up, and thus resisting further retrogression,
are readily available, we shall at Natora have nothing but a scanty supply of block
kankar brought from long distances, or blocks of béton manufactured at considerable
expense,

the latter case, a strong line of deep blocks, supported by the ruins of the talus,
would stoutly resist any retrogressive action, whilst the materials for repair were being
collected and prepared ; while the work on shallow foundations would run the great.
est risk of being tmdermined and destroyed.

Ii is stated that the leakage, prevented by deep well foundations, is more ima-
ginary than real, because long before the volume entering the canal is likely to be
utilised, the bed of the river will have becoms silted up nearly to the crest of the dam
and the upper layers of silt will Liave become mors or less vlaycy, becaunse leakage takes
place through the banks as well through the bed, and finally because little or no leakage
has been detected through the Okhla weir which has shallow foundations.

Icannot admit that the upper layers of silt deposited in the bed of the river above

VOL. VI,~~BECOND SERIES. 2R
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they are deposited by falling floods, and are swept out again by the full current of the
pext sneceeding high flood, The scour which takes place immediately above any marked
ocontraction of a stream is a matier of common experience, and is cavily explained by
the great relative increase in the bottom velocity resulting from the contraction.

The banks, on the contrary, will become permanent if the flanks of the weir are
not turned, and they may ultimately become staunched by the clay brought down by
the flood water. Besides the effect of the pressure of the water on the banks is not
worth mentioning, when compared to that on the sand underlying the weir. I think,
therefore, that any consideration of the leakage throngh the banks may safely be
neglected. But even if it could not be, I do not sec why we shonld not try and stop
the leakage throngh the bed, because the banks are supposed likely to leak also.

The latter argument applies equally to the objection commonly urged against deep
block foundations, viz., that u line of them cannot be made perfectly wator-tight, It
is surely better to block up &2%ths of the area through which leakage can ocenr, thun
1o leave it all open becaunse a perfectly water-tight partition cannot be made.

It may certainly be said that the Okhla weir does not leak very much just now, but
it ought to be added that it has never been fairly tried, as the undorshuices are kept
constantly open.  There are springs visible at the tail of the weir now with only five
feet head of pressure, which may become very troublesome when that pressure is in-
creased to 12 and 18 feet for several months together,

Apart from any consideration of the value in money of the water saved by a strong
water-tight dam, the strongest nceessity is, to my mind, laid upon us to cconomise
every drop of the low water supply in the river, owing to its insufficiency for the re-
quirements of years of dronght,

Common justice to the cultivating community, dependent on the canal, scems to me
to dictate the adoption of every reasonable precaution for rendering the whole of the
short supply available for purposes of irrigation. '

1 have plrced the deep line of blocks at the tail of the cat-stone apron, because Y
think that the latter, if built at the proper level, and of a proper section, will perfectly
protect the blocks from any fear of action on the up-strcam side, and that the real
danger to be guarded against is the cutting back and permanent deepening of the
bed of the river helow the weir. I have allowed only shallow foundations for the
drop wall, becanse I consider the line of blocks underncath it sufficiently protected
by the cat-stone apron and deep foundations on the down-stream, and by tho mass of
heavy material on the up-stream side. The velocity of tho current above the weir
although amply sufficient to sweep away the loose sand of the bed, has been proved
hy the experience at Okhla, insufficient to move the heavy material of the apron,

To hold the talus together, it is traversed from end to end by solid
concrete walls at intervals of 30 feet and 40 feet as shown in Fig. 8 of
Plate XXX. This plan was found to be necessary at Okhla, where the
third wall of 4 feet square section (vide Fig. 6) was adopted, as necessary,
(to check movement in the blocks of the upper part of the talus,) t!tbmlgh
it formed no part of the original design.

The level of the cut-stone floor of the weir (as also of the fioor of the
weir sluices) is 3 feet below low water level : and as the floor is 5 feet thick,
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the laying of it entailed excavation to a depth of 8 foet below low water.
To effoot this, the upper row of blocks and lower row of wells were sunk to
full depth: and hearted with concrete. (This was done by filling the
hole below curb, and the lower one or two feet of the block or well by
hydraulic cement let down in skips ; when this had set, it formed a water-
tight plag, and enabled the well or block to be pumped dry. The concrete
core of the well or block was then pnt down in layers, and rammed in the
ordinary manner). The interval between each pair of contiguous wells
and blocks was closed by wooden piles, and the interval, inclnded between
piles and well, cleared of sand and filled with concrete. Clay puddle was
also packed above the upper row of blocks. The space 33 feet in width
intervening between the upper row of blocks and lower line of wells was
then divided into compartments of about 40 feet in length by cross lines of
shallow blocks, sunk, hearted and connected as above described. Thus
large ‘cofferdams’ were formed, which were excavated to a depth of 8 feet
below Jow water level, and the water pumped out by Giywnne's pumps :
80 a8 to allow of a 8 feet thick concrete floor being laid.  On this a layer
of brickwork 1 foot thick was added: and this in its turn was covered
by an ashlar floor of cnt sandstone blocks.

The weir sluices, 42 vents of 7 feet, are at the extreme right abutment
end of the weir, 50 as to kecp a clear channel open along the front of the im-
mediately adjoining head sluices of the canal, whose floor is 3 feet above
that of the weir sluices,.and this allows the three lowest feet of silt laden
water to pass by without entering the canal. The site of the weir stands 7
feet above low water Jevel, which is the level of floor of head sluices, thus
allowing 7 feet depth of water to pass down the canal. To obtain the extra
3 feet of depth, which may hereafter be necessary for kharif supply, some
arrangement of tumbler, or movable shutters, along the crest sill of the
weir will have to be provided. .

It must be noticed that this weir is not yet (April 1877) completed, and
the section shown in Fig. 3 is as proposed and under construction: the
amount of material in the talus may hereafter assume a form more re-
sembling that shown in Fig. 6.

(Fig. 6, of Plate XXXIL of this volume, shows the position of the weir
and of the river for4 miles above, with embankments and training works).

. 4,5,6. Okbla Weir, Agra Canal.~This iz a remarkable work, in
which the engineers of Northern India have excoeded the Madras engineers
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in the shallowness of foundations, in which the so-called ¢ Madras system '
wag supposed to differ widely from the practice of other parts of India.
In this case foundations may be said to be entirely dispensed with.
The lowest cold water level (649 feet above Kurraches mean sea level)
was adopted as the datum, and a irench was made for 2,438 feet
acrogs the dry sandy bed of the Jumna, 8 miles below Delhi, at this level :
and in this trench was built in the winter of 1869-70, a wall 4 feet thick
and 5 feet high of quartzite rubble masonry, laid in lime cement : a slop-
ing apron of dry quartzite rubble extended 5 feet above this wall, and a
sloping talus of similar material was laid for 100 feet below it: the floods
of 1870 werc allowed to pass over this weir, and left it unharmed. Dur-
ing the next winter, the wall was raised to ite full height of 9 feet, and
the talus was lengthened to 180 feet. The floods of 1871 overtopped the
weir by 5} feet, more than 1,00,000 cubic feet per second sweeping aver
it, while 40,000 cubic feet broke over the left shore embankment and in-
undated a large tract of country. The greatest velocity was 186 feet per
second, and was found to be at 42 feet below the crest. Stone was worked
out of the talus, and deep holes 20 feet deop were scoured out on the
down-stream edge. During the next winter, 1871.72, the embankments
were heightened and strengthened : a million cubic feet of stone wers ex-
pended in filling up the holes below the talus. In 1872-783, a second wall
—the true crest wall of the weir, parallel to, and 80 feet above the one
first built,—was raised to a height of 9 feet: the interval between the
two walls being filled with dry rubble. A third wall, 4 feet thick and 4
fest deep, was inserted in the talus, 40 feet below the lower wall : this has
quite stopped all movement in the upper part of the talus: this wall is at
the line of maximum velocity in floods. In March 1874 the canal was
opened : but the upper one foot of the crest wall, forming the sandstone
ashlar crest sill, is only now (in April 1877) being laid. The total quan-~
tity of stone in the weir is 46,60,000 cubic feet. The stone is the quart-
zite of the * Ridge’ of Delhi, and of similar out-cropping ridges in the
country around. The right flank of the Okhla weir abuts on to a
ridge of this rock, which has furnished an inexhaustible supply of material
on the spot. The stone contains a large proportion of quarts, a little
felspar, and protoxide of iron. It is very durable and excessively hard,
rendering it unsuitable (owing to the labour and expense) for finely dressed
ashlar work. The river bed has silted up to the crest level; but at
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the canal head a clear channel is kept open by the scouring action of the .
weir sluices placed at the right end of the weir: similarly situated to
thoge of the Narora Weir as above described.

7. Dehree Anicut, Boane Canals,—This is a solid weir composed
mamly of dry rubble, similar in form to the Okhla weir above described,
but differing from that structure in having foundations to its three parallel
masonry walls, which traverse the mass of dry rubble from end to end,
and keep this mass together.

The discharge of the river has been ascertained to be, at the weir site,
10,26,172 cubic feet per second, the mean depth at highest flood being
11-64 feet, and the breadth between the banke 12,400 feet. The anicut is
8 feet high, and its length between abutments is 12,550 feet, or 2:35
miles. The depth of water over the weir in highest floods will be 6} feet,
with an afflax of 1} feet.

As two canals are taken off above this weir, one from each bank of the
river, there are two sets of end weir sluices, one at each extremity of the
weir. There is also a central set of weir sluices to provide a gresater
control over the regimen of the river. An ample supply of good stone,
both for rubble and ashlar, is obtainable from quarries about 5 miles dis-
tant. The Soane differs from the Himalayan rivers generally in being
confined within a permanent channel, so that no flank defences of any
importance are necessary.

The three parallel walls of the dam are founded on shallow hollow blocks,
sunk with the aid of Fouracres’ excavators. These blocks have thin walls;
for blocks of 6 feet interior width, a single brick thick was found sufficient,
while for 14 feet blocks, the walls were built from 1} or 2 bricks thick.
‘When bamboo ourbs were used iron stirrups were necessary, but such pre-
cautions were not required when rigid curbs of woods were employed.
In the working season of 1872, five continuous miles of blocks were com-
pleted, at a cost of Rs. 12-8 per 100 cubic feet, of outside measurement.

8. Roopur Weir, Sirhind Canal.—This is a solid unbroken weir
across the Suatlej, where it emerges from the low outlying range of hills be-
low the Himalayas. The crest of the weir proper is 2,400 feet in length,
with weir sluices at the left extremity contiguous to the Cenal head. These
weir sluices consist of 12-feet vents of 20-feet width each. The orest sill
of the weir is 6 feet above cold weather water level ; 8 feet above weir sluice
floor : 84 feot below the highest observed flood level, It is anticipated
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{forthe weir is only now under construction) that the water will be headed
up-about 2} feel above present highest flood lovel, when 2,00,000 cubic
feet are passing over the weir. The upper and lower walls are built of
rabble in mortar. The stone used for this weir is a sandstone, quarried
at Nalagarh, distant about 15 miles from the weir, on the lowest outer
spurs of the Himalayas proper.

9. Tajawala Weir, Jumna Canals.—The Tajawala Weir forms
the headworks of the Esstern and Western Jamna Canals, which toge-
ther irrigate over 5,00,000 acres of land per annum.

The site selected is about & mile below the foot of the Sewalik hills.
The river bed is here deep, and defined, sbout half a mile wide. The bed
is all boulders of various sizes, the slope about 20 feet in the mile, and
the flood discharge 3,30,000 cubie feet, with maximum velocity of 19
feet a second, and depth in centre of 18 feet. The waves arc probably
24 feet above ordinary surface. The river moves the boulders with
great violence and noise, and is & magnificent sight in flood.

The dam starts from the loft bank, where the Easiern Jamna Canal
head and sluices are situate, and slopes down and scross the stream, a
length of 1,785 feet, to the nose of an island—thus forcing the stream
acrogs to pass betweon this island and the right bank., This channel is
480 feet wide, and is entirely closed at right angles by the Western Jamna
Canal sluices, which start from a point 1,000 feet below the end of the
weir at the nose of the island. The Western Jamna Cansl head is of
‘course immediately above the sluices on the right bank,

The Eastern Jamna Canal supply is 1,600 feet in rabi and 2,000
in kbarif, provided for by & head of 16 openings, 6 feet wide, 6 feet

deep.
The Western Jamna Canal supply of 3,200 and 5,000 cubio feet, has

35 gimilar openings.

The sluices are laid 4 feet below the head sills, 1. ¢., 10 foet bolow;omt
of weir in either case. For the Eastern Jomna Canal there are 7 open-
ings of 20 feet. In the Western Jamns Cansl, 10 of 20 feet, The rest
of the 480 feet being built up solid to height of weir.

Thebody of the dam is as given in section—a floor 50 feet broad and 4 fwt
thiek, slope 1 in 10—up-stream curtain Iaid 8 feet under, and 3 feet abova
bed, (now silted up level with crest)—down-stream curtain 10 feet desp—
and & smaller central wall. The face of floor is of large boulders set on
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end. The crest is dressed ashlar. A tail of eribwork, 80 feet broad has
been added for a fength of 880 feet, where the river bed seemed unstable.

The whole work is boulder masonry. Boulders, and lime from lime-
stone boulders, frum the river bed near site. The clay for siirk{ was fonnd
half a mile off. The mass of the work is built in random course. Piers,
parapet, arch faces, &c., of dressed boulders.

The nose of the island is protected by a fine revetment wall faced
with split boulder masonry, founded 14 foet below weir crest. The
1,000 feet of the edge of the island from this to the Western Jamna
Canal sluices is sloped back, and faced with large boulders on end, with
a toe or apron pitching 4 feet deep.

To prevent spill and close old canal heads, protective embankments
run up 1,000 feet on the right, and 5,000 feet on left to foot of the hills,
These are of earth faced with boulders.

Orders to commence work were received in December 1872, and it was
practically finished by March 1877. The highest recorded flood over the
crest of dam as yet has been 4 foet, and passed off doing no damage.

10. Streeviguntum Anicutover Tambrapoorney.—All theweirs
above described have been, or are being, built in the Northern, or so-called
Bengal, Presidency of India: those now to be described are Madras
“anicuts.” The Streeviguntum Anicut shown in section in Fig. 10 of
Plate XXX.,, is of the same type as the Narora Weir, (though on a
smaller scale,) having a drop wall with perpendicular fall, on to a cut
stone floor, below which extends s dry stone talus.

The Tambrapoorney, which rises in the Western Ghats bordering Tra-
vancore and the Tinnevelly District, and flowing castward, falls into the
sea & few miles south of Tuticorin, drains a large tract of hilly and wooded
country which is under the influence of both monsoons, aud therefore, pos-
seages not only an abundant, but a never failing, supply of water. This
makes the Tambrapoorney for its size one of the most valuable sourcts of
irgjgation in the Madras Presidency, and its waters are consequently very
extensively utilized by a series of seven Anicuts, which, thrown across the
stream in ancient times, fortilize, from side channels, a considerable breadth
of land on either bank.

The last of these anicais is at Murdoor, about twelve miles above the
site ‘at Streeviguntum that was selected for the new work, (of which sec-

~ tion is given in Fig. 10,) which has for its ohject the interception of the
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Inrge quantity of water that finds its way by percolation, even in the
driest weather, either through or under the various anicuts, or is returned
to the stream as surplus from the chunnels on either bank, and which, to-
gether with the large volume of water brought down by the freshes,
would escape to waste.

The Anicut is 1,380 feet in length between the wing-walls, raised 6 feot
sbove the average level of the deep bed of the river, and the width at the
crown 74 feet ; there is a front slope of § to 1, and in rear a perpendioun-
lar fall on to a cut-stone apron 24 feet wide, and 44 feet in depth : beyond
there is a rongh stone talus of the same depth, and 86 feet in width,
protected by a retaining wall. The foundation of the body of the work,
and of the cut-stone floor in rear, is of brick-in-lime, laid on wells sunk
104 feet in the sand, and raised 4} feet above the wells, including the
cut-stone covering ; the retaining wall is built of stone-in-lime, and
resta on a line of wells, sunk to the same depth, 10} feet. The body
of the anicut is of brick-in-lime, faced throughout with cut-stone, and
furnished with a set of ander-sluices at each extremity of the work to let
off sand and surplus water. Each set of sluices consist of nine vents of 4
feet width each, lined with cut-stone; it was originally intended to have
three more similar sets of sluices at equal distances throughout the length
of the work, but, with the exception of the Kistna anicut, it was considered
preferable to dispense with the intermediate sets of sluices.

11. Upper Anicut over the Coleroon.—The Coleroon anicuts to
control the waters of this river and divert & portion into the Cauvery for the
irrigation of Tanjore, were projected by General Sir A. (then Captain) Cot-
ton, in 1834, and were completed in 1836. He was compelled to study eco-~
nomy, to use the cheapest materials, and to confine the dimensions of
the works to the smallest scale compatible with stability. The section in
Fig. 11 of Plate XXX. shows the upper anicut, not exactly as originally
built, but according to the alterations suggested in 1839 by Colonel D.
Bim of the Engineers, after the anicut had been breached. The fo}lay
ing is an extract from his report, showing the risk incurred from the
pressure of a head of water when the foundations of the drop wall are
not 8o constructed as to stop all leakage, and the floors so short as to
allow the water t» be forced up through the talus beyond it. '

The two Anicuts were begun and both completed in the early part of 1'88-6. The
upper one crosses the Colercon about a hundred yards below its ssparation from the
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Canvery, and is 750 yards in length, being divided into three portions of unequal
length, by two amall islands or banks of sand in the bod of the river, The height varies
from 6 feet 4 inches to 7 feet, and is 6 feet thick, with a foandation of 3 fect resting on
wells 6 feet indepth, It is protected in rear by a substantial apron 21 feet broad, covered
with cat-stone in chunam, - The northern division has an under sluice of six vents
near its middle, the centre portion one sluice of fonr vents, and two of two vents each,
and the sonth part three slnices of two vents. These sluices are for the purpose of
allowing the sand to pass through the anient in high freshes, and prevent its accumu-
lation above the work. This anicut was completed abont the end of the month of
April, and was breached in the following June during one of the freshes, about 80
yards of the northern division having beon entirely destroyed. Some attribute the
failure to the anicut having been undermined by the water being forced through
its foundation by the Leavy pressure during high freshes, ana washing from under it
the sand on which it rested.

The water it is evident was forced under the foundations, for it was ohserved
bubbling up in many places through the apron below the anicuts, whenever there
were 5 or 6 feet of water standing above them, and if it passed in considerable
guantitios, which there is reason to believe it did, it would be very liable to wash
away the sand by degrees, and leave tha work without sapport.

During the last two years, both anicuts have been materially strengthened by
substantial aprons of cut-stone in chunam being construeted behind them, to break the
overfall of the water, which have been excented in a very cfficient manner ; since these
additions, the passage of the water underncath the foundations would seem to be con-
siderably diminished, for it now spouts through the apron in only a few spaces and in
small quantities, but I am not inclined to attribute this improvement so much to the
aprons as to the large quantity of fine clay and mnd which has collected in front, of
the anicuts, and prevents the water being forced underneath them,

The first and most important object is to secure the foundations against the risk of
being undermined by the water being forced through them.  This cannot be efficiently
accomplished without considerable expense and labour.  In Europe it would be done
by aline of sheet piling belng driven at 6 or 8 feet in front of the anicut, and
parallel with it across the head of the river, the intervening space, after the sand is
removed, being filled up with clay worked and pressed firmly into it, technically termed
puddling. This forms a barrier irapermeablo by water, and effectually protects the
foundations. In this country a row ¢f wells may he substituted for the sheet piling,
but the interior of the wells and the interstices between them, must be carefully pud-
dled to a suflicient depth, in order to obtain the impermeable screen, for it is the pud-
dled clay which obstructs the passage of the water. Above the wells I would recom-
mend an addition in front of the anicut of the dimensions and form in the sketch,
to strengthen the work and facilitate the passage of the viver over it in high floods,
The front of .the anicat is made of a curved shape, as that form diminishes the pros-
suve of the cutrent upon it, accelerates the passage of the water over the anicat,
and thereby decreases the rise of the river in inundations, and by the change produced

it the direction of the current, prevents in some degree the great collection of mud
which takes place before perpendicular walls,

12. Bezwara Anicut, Kistna River.—The idea of constructing a

dam across the river Kistna to irrigate portions of the Masulipatam and
VOL, VI.—SECOND SERIES. 2L
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Guntoor Districts in the Madras Presidency, was entertained as far back
as the yoar 1792 by Major Beatson: but it was not until 1847 that Captain
Atwell Leake submitted a definite project for the work, and selected
Bezwara as the site for the weir, where the river narrows to about 1,000
yards, and where there are two Jarge hills one on either side close to the
river’s bank, farnishing an inexhaustible supply of material. The bed of
the river is of sand. The opinion given by Sir A, (then Major) Cotton,
regarding this site and cuestion of a sandy bed, in 1848, will be inter-
esting, in conneclion with the works constructed within the last few years
on the sandy beds of the Ganges and Junma at Narora and Okhla, res-
pectively.

I consider the sitc an extravrdinarily {avourable obe; aud if, in eddition to its
other remarkable advantages, it had the only other which might appear desirable,
viu, that of a rocky bed, instead of a sandy one, it wonld in my view mauke very
little difference, none at all as yespeetr the stability of the structure, and only per-
haps Rs. 50,000 in the cost.

There is so deep an impression in people’s minds respecting a #and foundation
generally, that it is most difticalt to investigate the subject properly. There is
certainly one defect in sand as a fouudation, viz., that if running water cowes in
contact with it, it will be swept away ; but this is the only one ; in other respects it
is the finest foun-lation possible; it is indestroctible and incompressible. Of the
thonsands of works which I have ween or executed on a funndation of pure sand, I
never saw the shightest sign of a settlement in any one of them., We must therefore
tuke care fo remember that there is only one thing to he gnarded against in hrilding
in sand, and that so long as it is protected from the action of running water, no wark
vesting in it can possibly fail s and the rcmedy for this one defect is a8 plain and
easily applied in sitaations snch as this, as conld be desired ; it is simply to cover the
sand, where it would otherwise be exposcd to the action of the current, with louse
stone, With this precantion, where it can be used, I consider sand a perfert founda-
tion, and in the present ease, Joore slones can be nsed in any qhantity, at a cost that
is not to be compared with the importance of the work. The size or the ynantity of
the stone must certainly be proportioned to the strength of the enrrent: if this is
great, and only small stones can be obtained, the quantity must be so incremned as
that the slope of their surface may make up for their want of size. In rivers like
these, having & velocity of four miles an hour, at the utmost, the largest stone to be
fonnd in their beds does not exceed two or three ounces ; aud these often remain for
years in the same place. If the surface of the stones had a slope of, snppose, 20 to 1
they would require to be & pound or two in weight to resist the current ; with a higher
veloeity and greater slope, larger stones would be required ; but with snch yeloeities
as we have to deal with in these rivers, unless we make the anicuts very high, very
moderate sized stones would be sufficient, even with a cousiderable slope ; while at
Berwarnh any sized stones can be used, and in any quautities, at, as 1 have said, an
expense not to be considered iu & work of this importanee, )

1 think it is scurcely powsible for any peraon upou & liftle cousiderntion not to be



SECTIONS OF IANDIAN WEIKS, 259

watisfied that, with such & breadth of stone work extended below the anicut, it
would be irepossible for the water to get at tho sand on which the body of the work
rested, so 88 to wash it away. And it is equally evident that, in such a project, a lakh
of rupees more or less in the cost cannot in the least affect the question.

Any how, I should sappose thet it must be allowed that it is simply a question of
the guantity of loose stone, and nothing more ; that is, that with a certain quantity of
that material, the stability of the work is as certain as it could be on any imaginable
kind of site, and further that, that quantity ean be obtained at a comparatively
insignificant cost.

My own opinion is, that the quantity allowed by Captain Lake will be found ample :
1 should not be at the trouble and expense of filling up any hollows in the bed with
stone, but wonld first bring it all to & uniform level with sand, and then throw the
loose stone in an equal thickness all over the Led.  For the sand is continually chang-~
ing about, and where the hollow now is, in a year or two there will be a high bank of
sand, and on that the anicut would be built. I should, therefore, level the bed with
sund to near the summer level of the water, and then throw the mass of stone across,
making it of course of & uniform height the first ycar, however low it might be,

The section of the weir is not exactly similar in all portions, but that
shown in Fig. 12 is a fair average type. The following is an extract
from the specification as prepared in 1849 : from which, however, sonte
deviations, as noted below, were made duriug the exccution of the work.

The river at the proposed site is 3,860 feet across, on the crest of the anicut.

_ Of this distance, the auicut will occupy 2,950 feet, the bridge abutments and piers
510 foet, and the sluices, including wing-walls, 360 feet.

The foundation of the anicut will vary with the character of the river section.
Where the bed is deep, it will be filled up to thelevel of the summer water with rongh
stone, and where it is high, wells will be sunk in the front and rear of the work, as far
#8 practicable, below the same level,

Upon these foundations the body of the anicut will be raised alike throughout,
namely, with a front wall nearly perpendicular, and a rear curved slope, hoth of rubble
masonry’; the spaco between being filled with rough stone, and the crest covered iu
with rubble masonry, to he eventually, with the rear slope, capped with eut stone,

The beight of the anicut above the summer level will be 16 fect, the breadth of
the crest 12 feot, and that of the slope (horizontally) 48 feet.

There will be an apron in rear of the anicut of 90 feet in breadth, and 6 to 8 feot
average depth.

The anicut slnices it is proposcd to place, one at about 36 feet from each bauk,
with which and the head sluices they will be connected hy wing-walls. The sluices
are to have each 15 vents, of G fect in breadth, and from 10 to 15 feet in height. The
floor is placed in the drawings at 9 feet below the crest of the anicut, but in the cons
struction it roust be fixed according to circumstances. The sluices will have front
and vear aprons of cut stone, und & rear apron of rough stone of 150 feet in width,
and 10 fest average depth.

As the work progressed, the officor in charge, Captain Orr, found that
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when the body of the anicut rested on a body of loose slone thrown in to
fill up hollows in the river bed, as at the sites of tho various broaches that
occurred during the progress of the work, it was not only difficult, but al-
most impossible, to render the dam water-tight ; the leakage at those places
being, not mere percolation, as along the rest of the work which was
supported on wells sunk in the sand, bul strong continunous streams flow-
ing, at a great depth, through the large open interstices of the rough
stones, as through inverted syphons.

He therefore decided upon filling up the hollows with sand, and bring-
ing the whole bed of the river under the work to one uniform level with
sand, before commencing on the stone work : as had been proposed origi-
nally by Major Cotton, in his < Note,” of which an extract is given above.
Another alteration effected in the design, was the omission of the pro-
posed cut stone covering to the weir. In August 1855, Captain Orr was
able to report the completion of the weir, the following is an extract from
his report :—

1 have the honour to report that the anicnt hias been completed to the extent, and in
the manuer proposed by e in my letter of the 11th August, 1854, that is, the Tront re-
taining wall has been raised to a boight of 20 feet above the deep bed of the river, and
has been backed by a large mass of rough stone cousisting of more than half a million
of tons in blocks of all sizes up to five and cven to six tous in weight, forming alto-
gether a dam nearly 200 feet in width. At 100 feet from the front, a second retaining
wall is built, having its top 6 fect helow the erest ; and betweon the two the surfuce
of the work is roughly packed with stone on end, ay tightly tixed togethor as possible,
by quarry rubbish rammed into the interstices, Behind the rear wall the dam is con-
tinued for nearly unotber hundred feet, by masses of the largest sized stone. Thas
the form and coustruction of the anicut greatly differ from the more finished but
infinitely weaker section originally proposed fop it, as the covering of the top and a
portion of the slope with masonry of rubble and dressed stone is dispensed with, and
in liea of it a vaustly increased amount of materinl, in the shape of large blocks of
rough stone, has been empleyed.  As two freshes of upwaurds of 30 feot each have
now passed over the work, its stability has been well tested, and apparently with the
most satisfactory results ; for though the state of the rear portion of the dam can-
pot be judged of for some thme till the river sabsides, the crown and slope can be
seen to be in good order, and with the exception of a stune displaced here and there,
the roughly packed surface scems to stand cxtremely well. This proves that the ma-
sonry covering is not necessary; and thercfore, a5 it can add pothing to the efficiency
of the work, but would weakon rather than strengthen it, as shown in my letter above
referred to, I would recommend its omission, and that all future cutlay on the anicut
be directed to the deposition behind it of additional quantities of stone in heavy
masges, and to the puddling in front with clay. Some ropairs and additiens of rough
stone will annally be required for some time to come; but the work being of a
description to consolidate, and become more and more secure in course of time, the
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expense of its maintenance must ultimately amount to but a fractional percentage
on its cost,

13. Godavery Anicut.—This grand work was projected by Sir A.
Cotton, and built (for the most part by that officer) in 1847-52. The
sitnation and object of the work was described in 1846 as follows : —

The Godavery river has its sources in the Ghats to the North West of Bombay
near Trumbuck, and Nassuk, there being fed by the rains of the never failing South
‘West Mousoon, it flows down into the Deccan ; in passing across which it receives
the Manjurah and other tributary streams, and finally, after a courss of upwards of
700 miles, enters the sea by several mouths between Masulipatam and Vizagapatam
on the Coromandel Coast. Though the waters of the river itself never fail, the coun-
tries through which it passes are -periodically more or less visited with drought, this
is more especially the case on the Coromandel Coast, where owing to a periodical
failure of rains, seasons of famine come round in regular cycles, when wo are pre-
sented with the anomaly of a large population occupying a Delta of ahout 3,000 square
miles of the richest soil in Tudia suffering from the horrors of the famine : whilst the
fertilizinug streams of the noble river, which a bountiful Providence has furnished for
the purpose of preventing such a calawity, are allowed to run to wuste into the ocean ;
instead of heing husbanded by human industry, and turned to the purpose for which
they were given.

It is to remedy these evils, and to apply the river to its legitimate purpose, that
Major Cotton has, with great industry and talent, drawn up his plan of throwing an
anicut across the river, and thus saving part of the waters for the regnlar irrigation
of the Delta,

The design first prepared, provided for a perpendicular drop wall, with
a cut-stone flooring below it, as employed on the Coleroon, (vide Fig. 11.)
But this design was subsequently modified on grouunds stated as below by
General Sir A. (then Major) Cottion.

1 find that the great quantity of cut-stone there proposed, will require so many
1ore masons than the district can supply, so as to complete the work within a moder-
ate time, that it would be very desirable, if possible, to give the work a form that
would reynire less of this material,, The facility of construction, iuvelving the
guestion of time is, next to security, the most important point, The delay of n year
would no doubt cause a.loss of one or two lakhs of rupecs, and much more some years
hence. I find from iy late trials in the quarry, that it would probably take about
1,000 stone-hewers and stone-cutters to prepare the requisite quantity of cut-stone in
two years, aud from what 1 bave yot been able to learn, I am afraid that nothing
like this number could be procured ; the seetion I now forward, therefore, is such as,
by avoiding an over-fall, excepting where the under-sluices occur, will admit of the
principal part of tho surface of the work being made of rubble work pointed with
conerete, and finished with a surface of smoothed chunam, such as the sinices and
other worka are finished with in Tanjore, when not lined or covered with cut-stone.
The principal part of the work will thus consist of loose stone, of which there is an
unbounded snpply, the greater part ready broken, and which can be- brought to the
work very rapidly by railvoads.
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This is the mode of construction originally nsed at the ancient native work called
the Graud Auicut, which has stood for so nfiny centuvies. Part of it has indeed
been raised and covered with cut-stone, but a fow years ago part of it was still without
that protection. On cutting through the work to make the nnder-sluices, the mass
was found to consist of nothing but loose stone in mud, with the upper course only
1aid in chunam, and plastered with concrote. It has never required anything more
than occasional renewals of the concrote, and has never been in any danger, or given
cause of alarms.

Here, where material is abundant on the spot, and skilled labour scanty, it is worth
considering whether such a rule mode of constrnction may not be adopted with ad-
vantage. In my first report on the Godavery, 1 proposed this kind of work ; but I
afterwards thought the employment of so vast a mass of materials wonld involve
more delay than a morve scientific construction. Since I sent in that report, 1 have
had much moare opportunity of investigating the subject, and my main objection to
the nse of rude materials has been removed. I find that round timbeyr, straight, hard
and durable, and perfectly suited for rails without sawing, can be obtained in great
guantities at a most trifling cost. Such timber, from six to seven inches diameter,
and 20 feet long, is procurable at from Rs. 20 to 23 per 100 logs; so that suffi-
cient, for a mile of single railway, including cross pieces, that is 20,000 foct lineal, will
cost from Ra. 200 to 2530, Such rails adzed to a level on the surface, with flay
two-inch irou screwed down upon it, makes an excellent temporary railroad ab so
moderate a cost, that any length of it may be laid without an exccssive expenditnre ;
aud by thus having several lines of railway, 8 great mass of materials may be convey-
ed in a short time, without coufusion.

The scetion shows, however, another material alteration that I propose ; and this
is, to give the whole work a breadth of 18 feet in the clear at the top, so as to provide

both an ample roadway daring the time that the river is low, that ig, daring eight
months in the year, and also to allow of a bridge being earried along it without
altering the original work. It scems to me, that if this can be accomplished withoat
excecding the estimate, a very important point will be gained, To make the ani-
cut fully answer the purpose of a bridge, while the river is low, I propose also to
make the broad surface of the anicut twoe feet lower than the erown of the work ;
building a wall, two fect high an the upper side, to keep the roadway dry and prevent
accidents. It is to be observed, that as the under-sluices will be of great eapacity, they
will discharge a large body of water, so that none will go over the work, excepting
ahile the freshes are igh ; and as during that time there is but little traffic in the
country, the anicut will thus almost answer the whole parpose of & bridge. ‘

The total length of the weir is 20,570 feet; but it is broken into four
sections separated by islands. The sections of all parts of the weir are
not identical, but nearly so: and that shown in Fig, 13, is that of the
longest, the ¢ Dowlaiswaram’ section, 4,872 feet in length. After an in-
spection of the weir in April 1832, a report on the work was submitted,
the following extracts of which will be found instructive : — o

The Dowlaiswaram branch of the anicut with its wing-walls.~The section given
10 it has auswered very well ; and, excepting al the end near the wing-wall, thero has
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been no injury to the work, ‘The rough stonc apron has sunk, but not very much,
and has been raised and extended. During the last monsoon I cannot perceive that
it has undergone the least change ; but still I propose throwing in a small quantity
of additional rough-stone, for greatct secrrity, This branch has howevorone defect :
from the vast quantity of stone required for covering it, and the gradrml deterioration
of the quarry preventing its due selection, a great deal of the cut-stone is evidently
too soft, and wears under the friction of the sand and gravel passing over it. Last
year a great number of the soft stones were replaced with harder ones ; and it has
not worn so much this year; so that it is not nceessary to replace any. The soft
stones should, however, be gradually all removed. This does not in the least affect the
stability of the work., The wing-walls ate in good order.

Rallee branch with its wing-walls.—It is to be observed that the masonry of all
the rest of the anicut is 1naid on sand between the front and rear retaining walls ;
hut in other parts it cannot be washed away. Here the water passed through the
stones under the front wall, and carried the sand under the masoury away. The con-
sequence of this was, that the masomry in these places cracked, ‘and in one spot sank
till it rested on the rough stone. When the work wus examined, it was found to be
hollow anderneath for a considerable distance. This is very instractive. There is
no better foundation for masonry than sand, if it is secured from currents of water ;
it is indestructible and incompressible, and so far is just as good as rock ; but in situa-
tions where currents of water can get at it, ag it is not like rock, immovable, it is the
worst of all foundations, A1l the part of the work thus undermined was broken up,
and the masonry laid solid on the rough-stone : still this did not prevent the water
passing under the work as before. A heavy bank of clay was thrown in front of the
anient last year, so as to cover the whole of the loose stone, and this stopped the
Tewks at the time ; but they appeared again this year, and the water spouted through
the rough stone apron strongly. We have now covered the frout of the rough stone
with a heavy bank of the tough clay mixed with chippings of stone from the spoit
heaps in the quarry ; aud the leaks scem offectually stopped. T am of opiuion, how-
ever, that it would have been better to have mixed the gquarry clay with the lunka
earth, as it wonld have made it more perfectly water-tight.  The work does nat ap-
pear at all endangered by these leaks. This work has heen completed with a cat-stone
covering, which is not much worn, partly because there was time to select the stone
more, and partly I believe, because as yet less sund and gravel have passed over it
than over the Dowlaiswaram branch,

14, Cheyaur Anicut, North Arcot.—A considerable namber of
tanks (between 40 and 50) sitnated in the Talooks of Trivatoor and Wun-
diwash in North Arcoton the sonth bank of the Cheyaur river, and entirvely
dependent on rains, exhibited a great falling off in their revenue. Gov-
ernmeny thorefore sanctioned a proposal for erecting an anicut across the
Cheyaur, and cutting channels, extending nearly 20 miles, for the sup-
ply of these tanks : the sanction was granted 15th September, 1851.

The channels were completed by the 24th October, 1852, the anicut
was commenced on the 19th Jannary, 1852, and, together with about 20
calingulahs, bridges, &e., was completed in August 1852,
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The anicat is 385 feet long, built upon two rows of wells of 4 feet
6 inches exterior diameter ; the foundation on the wells 4 feet deep; the
body of the anicut b feet high, 7 feet broad at bottom and 5 at top. It
has an apron in two steps of 9 feet cach in breadth; the fall on to the
upper aprou being 8 fect 6 inches, and from the upper to the lower 1 foot
G inches. These aprons are b feet 6 inches, and 3 feet 5 inches thick, of
rubble masoury very carefnlly laid, and each course brought to a level
before commencing the upper one. The whole is covered with four inches
of conerete of stone and lime. The end of the lower apron rests on wells.
The rear talus is 18 feet broad, not in mortar as the above, but simply
3 fect thick, of large stones carefully laid on the sand of the river,

There are two sets of sluices, six vents each of 5 feet in each set; the
piers between the vents are each 5 feet broad, and are, together with
the piers for the bridge, built, above the level of the anicut, of brick-in-

lime wasonry
Taewt C e e AU
) A. M L.
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No. CCXXXIIIL

EXPERIMENTS ON COMPRESSIBILITY OF SOIL AT
MORADABAD.

Dxtracts from Reports by Iarur. Greenstreer, R.E., and Nofes
ly Ligor.-Con. A. Perkins, R.E., and Major-GeNBRAL ALEX.
Tavror, R.E.

TrE original orders in regard to these experiments addressed to the
Executive Engineer, Moradabad, and were as follows :—

“I have the honour to request that you will build near No. 7 or Na. 2 barrack, two
walls 6 feet long, 1 foot thick, built 2} feet into the ground and 7 fect apart.

“ Load these walls with iron girders touching onc another, bricks, and whatever
may be necessary to give a pressure of ¢izht tons on the foot.

“ The level of some mark on the wall should be taken before loading, and carefully
read after Joading, to show the amonnt of compression that takes place.

¢ Please lot the trench be of the exact width of the wall, so that no bulging upwards
of the soil outside the bricks may be possible. The large T2-inch bricks will be
convenient for use. The wall is to be straight from top to bottom without offsets,

and may be brought up 2 feet above ground.
» L] . * * - *

“ Pun in the bottom of the trench hefore building. If there be any spare cutting
whatever, pun in soil with the utmost care.

% Let the B. M. nsed for reference be a permanent point, say the plinth of a barrack,
to which reference may be made at any time hereafter.

% Let the line on the wall be fine, admitting of the nicest readings. Do not let any
other method of observation be substituted for what is here indicated.”

Extracts from a Report by Lizvr. Greexstreet, R.E., dated 27th
September, 1873,

. Bome questions having arisen as to the firmness of the upper stratum
VOL. VI.~=~SECOND SERIES, 2u
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of clay which forms the foundation soil for buildings at Moradabad, sand
its strength to resist the weight of a heavy building without subsidence,
several experiments were made by order of the Chief and Superintending
Engineers, with a view to throwing light upon thesubject. Those experi-
ments consisted at first of making holes of from 2 to 8 feet deep and
ramming with heavy rammers ; the level of the bottom of the hole being
carefully levelled, both before and after ramming, so as to ascertain the
amount of subsidence, if any. The results of these experiments have been
reported from time to time as they were made, and therefore they need
not be more particularly noticed here. It appears only necessary to point
out that the above method was liable to errors, and was, for several roa-
sons, likely to give unreliable results.

In the first place the soil was subjected to, and tested by its resistance,
to a blow or a series of blows, the test being for resistance to impact instead
of steady pressure. Besides which there was always the danger of the earth
rammed out of one part of a hole being merely squeezed up into another.
Moreover, the condition of the earth when dug and exposed to the air
and sun for even a short space of time would be very different to that of
the earth below the foundation of a wall which, when once filled in, is
exposed to neither air nor suun.

Drawing showing how it was proposed to load the girders on the walls
wag forwarded by Executive Engineer, and was approved by the Buper-
intending Engineer. This drawing had to be slightly modified in execut-
ing the work, as will be noticed hereafter. :

The site fixed upon for the experiment was to the north of No. 2
barrack, in the position indicated on the sketch below.

Ni¥ BARRACK

7

7,
I
B

Conoretn Slab

The work of preparing the walls was begun on the 16th June and
completed on the 23rd, L L



EXPERIMENTS ON COMPRESSIBILITY OF SOIL AT MORADABAD, 261

The excavation was first very carefully made, being of the exact size and
shape of the walls directed to be built in the above-quoted instruc-
tions.

The bottoms of the trenches were first levelled on the required depth
of 2 feet 6 inches below the ground level having been reached, so as to
ensure their being both on the same level and perfectly horizontal.

They were then rammed for a couple of days with heavy rammers, and
were again levelled with a Y level, any differences in the equal horizon-
tality of the two being corrected.

The foundation trenches having been thus accurately prepared, the
brickwork was built. The walls were constructed of 12-inch bricks
accurately gauged, and cut where necessary, 50 as to bo of the exact length.
The mortar used was stone lime 1, surki 2,

The walls being built in English bond, and the joints of masonry three-
sixteenth inch thick.

- The walls were built 2 feet below the ground level and 2 feet above
it, being thus 4 feet G inches high altogether.

Each wall was surmounted by two Agra flag stones about 14 inches
thick, to act as wall-plates for the better distribution of the weights.

It was so arranged that the united weight of the two wall-plates on
‘each wall was the same, viz.,, 154 tbs. They were laid in mortar, and
carefully levelled.

A narrow line was made round each of the two walls at an exact
lavel, about 164 inches from the tops of the walls, the line being scored
into the corner bricks of the walls to prevent its being obliterated by
rain.

This line was carefully lovelled and referred to the point G on the
plinth of No. 2 barrack, the reduced level of which is 655-18 sbove (1. T,
datum.

On 12th July, 1873, the wall-plates being on, and the test walls having
-had time to settle and the mortar to set, the first layer of girders was put
across the walls, This layer consisted of 12 girders, 13 feet 9 inches
long, weighing together 3 tons, 13 cwt., and 2 quarters.

In July there was heavy rain, much of the ground adjacent was under
water, and it was very difficult to keep the water from the walls. Earth,
however, was bauked up against them and sloped outwards, so 2s to keep

. them drained 88 much as possible.
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This weight was at this time as follows s

Two Wﬂn', . ' .o on . s == 2868 tons, .
Four Agra stone wnll-plnus 2 % 15416, = 8308 e, = 0187 ,,
Layer No. 1 of 13 feet 9 inch girders 12 in number =38

tons, 13 cwt., 2 quarters, o . . e = B6T5 ,
Layer No. 2 of 9 girders 26 feet long =9 X 1237 tons == 11-188 ,,
Nine thin planks for packing between 1at and 2nd layers

-inch thick weighing 60 Ibs., . v . = 0027 ,

————

Giviog a total of . 17840

—————

or 1-486 tons per square foot of foundations,

On 5th August, 1873, it was noticed that the walls were slightly
subsiding, as indicated by the sliding rules. They showed a subsidence
of 5-inch at the west end, and % at the east end of the north wall;
there was scarcely any (if any) subsidencc indicated on the south wall,

It will be observed that this subsidence took place in consequence of
the constant pressure of the superincambent weight in rainy weather, as
no further weight had been added after the sliding rules had been fixed.

It is instructive also to notice that the conditions for drainage were
slightly better for the south wall than for the north wall, in consequence
of the greater proximity of the former to No. 2 barrack, from which the
ground slightly falls away. At the beginning of Aogust, orders came to
recommenco the work, preparations were therefore made to go on with
the loading.

It will be seen from the tables, that the subsidence on the two walls
wag very unequal. The reason of this is not very apparent.

It is true, as has been already pointed out, that the north wall was per-
haps slightly more exposed to the influence of the rain than the south
wall, but yet the conditions of the two walls are so nearly alike, that the
slight difference noted appears insufficient to account for the considerable
difference of subsidence, But however this may be, the fact remains.
Neither was there any possibility of the weight coming more on one wall
than the other, as the greatest care was employed to keep the arrangement
truly symmetrical.

Owing to this unequal subsidence, the whole structure leaned consider-
ably over to the north, and consequently the work was delayed and much
labour entailed : the space between the girders and the upright on that
side is very small. It was sufficiently large, however, for the upward
passage of the girders when first the scaffolding was erected, but owing
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to the girders leaning over on that side, the space was so much narrowed,
that the girders had afterwards to be raised by other means.

, About this time it was observed that the walls were out of the perpen-
dicular,

The total weight of 8 tons per square foot remained on the wall from
1-80 ». 1., on the 13th instant, till 12 noon on the 16th, or 70 hours. Dur-
ing & great part of this time, viz., from 4 r.r., 14th September, 1878, till

. 10 aat., 16th September, 1878, there was very heavy and almost incessant
rain, (from 10 to 12 inches of rain fell in this time,) it was impossible to
keep the water from the walls, and the lower or north one sank consi-
derably.

At noon on the 16th September the work of unloading commenced.

When the whole weight has been removed, a further report will be
submitted as to the state of the walls, the amount of their obliquity, and
such other points as may be brought to notice.

A table is annexed showing the weight and the subsidence due to the
various increments of the weights. It shows in a condensed form much
of what has gone before in the body of the report.
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Note by Lizvr.-Con. 2. Perkins, R.E., dated 30th September, 1873.
A load of 8 tons per superficial foot was brought to bear on the
foundation trenches of each of the two walls which messured in plan
6 x 1. Before giving the order for the experiment, I considered the
disadvantage of having walls of such small base area from which to
deduce results. But calculations showed that for a greater area the load
would be so bulky, that it might be better to accept the experiment as it
stands for what it is worth.
The ultimate compression of the soil was as follows:—
Feet.  TInches.

Fast end 0630 = 7660
North wall { eof end, 0775 = 93

? 5 AR — O
South wall Fast end, e e 0175 = 21

West cnd, ... 0265 = 3818

The difference of settlement of the two walls is very remarkable, and
rather embarrasses the basing of sound conolusivns on the results.

The only causes to which this differcnce can be attributed are the three
following :e—

1st. lnequality in the consistency of the soil in the trenches.

2nd, Inequality in the protection of the two walls from the lodgment
and infiltration of waler.

3rd. The greater pressure on the north wall as the experiment pro-
gressed owing to the tilling of the load.

For the great care and precision observed in starting the work, which
Lieut. Greenstreet so fully relates, prevents my supposing that any
difference as to the width of the trenches and possible bulging up of the
goil or any other special reason was at work in the case of the north wall.

The last of these three causes, however, can only be admitted into the
question at the more advanced stages of the experiment, after uneven set-
tlement had commenced, and had gone on to a considerable extent. And,
farther, it is apparent that this additional pressure could not have been
large, as the cross strain that would otherwise have been bronght on the
slender walls by such a load would have turned the walls over.

The explanation of the difference must be referred then to the two
first causes. That there is a variability in the character of the soil,
owing in places to a greater proportion of luam, has been shown by the
numerous excavations that have been made. It must be inferred there-
fore that the soil below the north wall had more of this loamy character,
and that as might have been expected, the less efficient drainage round
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the wall, as Lisut. Greenstreet explains, operated additionally in weakening
the sub-soil. In a measure also the same may be inferred regarding
the weet end of the south wall as compared with the east end of the
same wall.,

Still Lieat. Greenstreet represents the inferiority of drainage as but
a comparatively trifling matter. Aund the conclusion finally to be ac-
ocepted is, that in some parts of the plateau there are patches of subsoil,
the bearing power of which is as small as that indicated by the worst of
the tabulated results.

I regret that owing to the uneven scttlement of the walls, it was neces-
sary to stop the experiment, (although my exact order had been complied
with), for it would have been interesting to know with what ultimate load
the settlement might have ceased altogether, Asthe record stands—vide
table of increments due to successive loads, and annexed table prepared by
me, showing at each stage the amount of compression per ton of load—it
is difficult to come to a conclusion on this point.

The figures indeed seem to show that the two walls should be considered
separately. Thus, in the case of the north wall, east end, making the total
compression obtained with a load of 2:73 tons per superficial foot, & start-
ing point, the addition of 3 tons per superficial foot (nearly)* increased
the settlement by 0-325 fect, or from 0025 to (-850, and the further ad-
dition of 216 tons per superficial foot caused a further settlement of 0-275,
Considered proportionally, this shows a still increasing rate of compression;
whereas the compression per ton of load shows a comparative decrease.
In the first stage the increase was from 000918 to 0-05998 == say 0-058,
and iu the second stage from 0-05993 to 0-07875 = 0-018. This might
argue perhaps that the limit of comprescion was being approached.

And the same might be argued from the figures relating to the west
end of the same wall, where the whole compression increased in the first
stage 0-350, in the second stage 0-395, and the comprossion per ton of load
only increased as follows :—

In the first stage, e 0054
In the second stage, v 0081

On the other hand, the south wall, whichever end be considered, shows
that with a load of 5:84 tons per superficial foot, scarcely any appreciable

compression occurred, beyond what was noticed with a load of 3857 toms,

* Rxact figures 9:73
584
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and that the compuu;ian per ton of load (as would necessarily result)
decreased. The whole compression too, taking the worst poiut of the wall,
was only 0105 with the load of 584 tons per superficial foot, an amount
that would not perhaps be considered objectionable.

After this point a higher rale of seitlement is noticed, whether the
total of comprassion be regarded or the compression per ton of load. Bat
eventually the greatest settlement under a load of 8 tons per superficial
foot did not amount to more than 0-265 feet or 3-18 inches, or 0-08312
fest per ton of load.

To deduce from these figures a rule for practice, it seems necessary to
decide what should be the utmost scttlement allowed within the limit of
stability, and tho further factor for safety that should be allowed in accord-
ance with the geueral rule applicable to other portions of a structure.

If the limit for settlement were called three inches, and the factor of
safoty four, the record pertaining to the south wall wonld give 8 tons
per superficial fool as the ultimate bearing power of the soil, and 2 tons
per superficial foot as a safe working load.

If the limit were called two inches and the factor for safety as before four
the ultimate bearing power would be (:763 tons, and the safe working load
1-691 tons per superficial foot. This, however, is taking the most favour-
able vibw of the case. «

If the north wall bo considered, and the same data be assumed, the
results would be—

For a three-inch limit of settlement, about 54 tons per superficial foot
the limiting load, and 1-85 tons per superficial foot the sufe working load.

For a two-inch limit of setilement, sbout 472 tons the limiting load,
and 1-18 the safe working load.

Or further, if one inch were the limit of settlement, the result would be—

5184 tons liunting load.
,AJ‘ dednced from south wall { 1296 ., safe working load.

8857 ,, limiting load.
As dedused from north wall { 0-964 ‘,: safe working load.

Finally, # some allowance be made for the possible disadvantage under

, which our experiments laboured in having so thin a wall io be operated on,
snd some credit bo taken for the better drainage arrangements that would
be,insured in the case of a building, it,may be reasonablo to adopt the

mean of the foregoing results as & rule for guidance in fixing the safe load
to be sllowed.*

VOL, V1,~-SESOND SERIKS, 2w
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With three inches of set‘tlement as the limit 2 "'21 2k 185 167 tans,

1. »
6914118 _ 1485,

. « 1°296 4- 0-964
5 ORe inch » 2 » _‘_—‘é‘———-—- 1-18 »

The first resuli is slightly beyond the extreme limit (3-500 Ths.) men; ',:
tioned by Rankine for a clay soil. The other results fall between the

limits mentioned by him,
Experiments on compressibility of svil at Moradabad.

9 tW6 L I ” ” ”

% NORTH WALL SOUTH WALL

E EAST END |  WEST END EAST END | Wesr END

€2 | & g3 g g5 |8 g3 g Rem:

£ | 55 | Bag | %8 | g | o5 | dag | o5 ke
=2 QSE .‘ig E.So Eg :.Sg 5‘-% 3!

0 2E 8, | 55| fy | 888y | 32
E= 18 1B~ 1838 |Eg™|8 E

Tone i Feet Feet | Yeet Feet Feet I Feot | Feet I-eot .
2780 0-025] 0-00918] 0'030; 001101 Not, given. .Nut o
8 BLTH 0075 0:019044  (-083) 0°02203! 0‘()55£ 001426 007u1 ()01'944 *
5:184] 0-205{ 0:03 ‘i.A-! 0215 -04147] 0-065, (01254 0095 0-01832
5'84!0; 03501 0-05993;  0-330; 0:06507} Q063 0°01113} 0°103| 001798

! Not| given. f l\uq given. "\Iotl given, Not| given,
6765, 0°415{0°06134; 0475 007022 O 100 0(’1448 0160} 0-02365
7647 (525 (+OHSRS! 0.45‘ 0°08304 Not! given, | 0-225] 0002042

7'764; 0045 !)(nﬂ"l)' () (‘75 008694 0115' 0016101 02451 003156 .
8»000} 0630, 0048» b5 70‘00')1,84 o 17<- 00’137' 0263 00381
. ® AP

Continuation of Report by Ligvr. W. L. mensmnm, RE., dated -
25th October, 1873.
On the 13th October the whole of the load had been taken off the
walls, and the levels could theretore be accurately taken by erecting the
levelling staff at the four corners of each wall. The following table shows

_ the result of the levelling :— N
faced | OTigingl
Back | Fore | Rise| Foll n“ vl | reduced |}

lovel

Reading at point G on plinth
of No. 2 &Ck, ve 2'285 . . ves | 65518 b
Sonzh wall (soath-west ccrncr) o | 4825 .. 1254 65264 652'913
(north-west ,, )| .. |4865 .. | 268 |65260 | .. |04
o |4:68B| .. |24 165278
oo |47258) ., | 244 | 64274
oo |517 | oo | 2885} 652295
o g” .o | 29351 65224
5

2”8
»  (sonth-sast

* {north-east
RNorth "wall (south-cast =,
»  (north-emst

s (north-west 38 | .. | 8045 669188] '
'y m&w [ .29 ve 8'm5 m'17§ .

Closingon @, . - .«{2285 J.

e

et ettt Nt o Nd

®
wl
B
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By comparing this table with that formerly submitted, it will appear that

the average subsidence for each wall is almost exactly the same as that
formerly reported. -

In order to examine the walls and the clay, the earth which had been
1aid against them, and sloped away from them so as to give better drain-
sge during the rains, was removed, and the old surface of the ground
laid bare. I could not discover any appearance of the soil having bulged
upwards from below, and from experiments afterwards made, there does
not appear to be any reason fot supposing that there would be any bulg-
ing duse to displacement. For there does not appear to be in the clay any
tendency to follow the hydrostatical 1sw of equal distribution of pressure;
moist clay grhich has been pugged would of course do so; but the undis-
tarbed clay appears to compress under pressure without distributing the

force far. .
Trenches, 2 feet wide, were dug across the centres of the walls, in
order to admit of an examination of them being made. .

When thus opened out, the lower part of the walls appeared to be
uneven. . This was found to be due to the squeezing out of the mortar
from the morfar joints in building the walls. When g brick is hammered
on its bed the mortar, of course, always squeezes out of the bed joint, and
is caught np.by the trowel; but in building this wall there was no room
to take up the mortar thus squeezed out, which was therefore pressed out

" into the vertical sides of the foundation trench. It might be supposed that

there would be no rogm for such squeczing out if the foundation trenches
were troe and of the same size as the wall, and yet the foundation trenches
were 1aid out witlt great care, and I believe as accurately cut as they

. could be made, any irregularities being punued with clay. The explana-

* tion .seems to be that the sides of the excavation were moistened with
“water used to flush the masonry, and, being thus_softened, admitted the

~mortar pressed out of the magonry joints.

-1 carefully plumbed the walls when they had been cleared of the irre-

"y.jjgnhntws due to the mortar adhering to the side as explained above, and

- found that they both had the same batter, viz., 24 inches in 4} feet, or

- 1in 21'8, which is rather more than was calculated in the former report.

 ‘Thers does not appear to have been any bulging in the walls under the

'," '.“keavy welght to which they were subjected. J
Thm am severai shght irregularities in the brickwork, but t.hese &o

o | NAWAR SALAR JUNG BAHADUR
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- not appear to be due to bulging, but to the difficulty in building & wall
perfectly plumb and even, when the sides cannot be seén or a plummet
applied. .

Neither of the 1}-inch Agra stone wall-plates were
broken across, though one of them was slightly
chipped at the edge, probably in consequence of
soms uneven strain.

Both walls on leaning over to the north left the
clay sides of the cutting on the south side, and in
the cracks or open spaces thus formed, the sand and
earth put up against the walls to gi® drainage, were
washed down during the rain, thus filling up the crack. .

The space A as shown in the exaggerated sketch, is what is al-
luded to.

The ground when opencd was very soft and damp. I conld push a thin
came into the soil about 9 inches. There appears to be a layer of yellow-
ish marly clay about 3 feet down. It is difficult to distinguish exactly
where it, begins, though there is a marked dszerence between the clay
at a depih of 1 foot and 3 feet.

The clay is very soft and pliable when damp, although vepy hard when
dry; but the trench was very damp, and therefore the wall which first
descended furthest into this clay would have a better chance of descending
gtill farther than the one which had not begun, or had only just begun to
enter it. : . :

This perhaps may account for the difference of levels of the two walls;
the north wall may have received its first advantage by the slight inferiority
of ite position as regards drainage, and may thus have been enabled to enter
first and farthest into the more pliable yellow clay—an advantage which
wonld tend to its still farther unequal descent on the increase of premu
due to the additions of the load. .

~In order to ascertain how much the clay would shrink when mb;eniod
to a heavy pressure, I had a piece of hitherto undisturbed clsy taken from"
between the two walls at a depth of 8 feet 3 inches, that is, at the dwﬂi :
of the present bottom of the north wall, #nd at & distatioe of 8 feet i‘um
the north wall, This was s piece of the yellow clay alresdy menﬁoud

This yellow clsy has streaks of a red colour’and htﬁa lfmpt etf t’wﬂ.— [
ith dark brown substance in it. ‘ s AN
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This piece of unbroken clay was cut to the exact size of an iron brick-
mould 93° X 43" x 2§"; its volume therefore was 132-3 cubic inches.
"The unbroken piece of earth exactly filled this mould. 1t was placed on
. & flat board, and another flat board about an inch thick exactly fitting the
mould was pat on’the top, and pressed down into the mould, thus gradu-

ally compressing the clay.

The pressure was obtained by means of a blacksmith’s Screw-vice.
The amount of compression was 93” x 43" X *83) cubic inch = 16 cubic
.mches, or the amount of volume lost by compression was Yf; = 4 =

s 7 (or nearly }) of the original volume.. And the area under compres-

sion was 48 square inches = } square foot.

As it appeared probable that the density of the compressed earth
~would differ from that of the uncompressed, it occurred to me that some-
. thing might be learnt by weighing different pieces of the clay with the

edges and sides properly cubed, and the lengths of the faces measured.

I therefore cuf from underncath the north wall, a lump of clay (at A),
and cut it down carefully to the following dimensions 3.} x 48" X 8;%"
= 48-889 cubic inches ; this lump of clay weighed & Ibs. 3} ez. = 515
0z., which divided by 43-889, gives 1173 oz. per cubic inch. Another
piece of clay () was taken at the same depth, and about one foot away
from the wall, and was cut square, weighed and measured as before.
~ The result was as follows :— :

Mezeirement,

- B+%" % 83" X 81}" = 5637 cubic mches, and the weight was 60-125 oz,

. 60135
=
apsuming that the densities arc as the weights.

~ Density of compres.sed earth : density of unpressed earth :: 1'178:
1066 3: 10: 9408 :: 10: 9 very nearly,
which nearly corregponds with the ratios of the volume of uncompressed
earth to the cqmpressed when pressed in a vice ag above explained. In
thm me the volumes were as 132 : 18216, or 132 ; 116, or 10 : 8°8,
From this it appears probable that the clay at the points ¢ and ¢ might
sﬁghﬁy under ‘compression, due to lateral pressure, but that the chief
- compression . is. vertically below the walls, though probably covering &
".gmd‘nnlly expsnding ares, a8 the toughness of the clay and its opposition -
- Yo being out throughwould tend to distribute the pressure——vide lines cs, ¢f,

== 1:066 oz., ¢.e.,, weight per cubic inch of this clay. Hence
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An experiment made a short time ago with reference to earth mﬁng
appears to throw light upon this point.

A hole 4 feet deep and 4 fect in diameter was dug 110 feat awsy
from the site of these experiments and rammed ; afterwprds a small hole,
about 7§ inches diameter, was dug in the centre of the first hole 9 inches
deep and rammed wih an iron rammer
which just fitted the hole. After ramming
for 20 minutes, the bottom of the small
hole had subsided 1} inch, and a erack all
round the bottom of the hole was observed
(at @ ain the sketch), from which it appears
from the toughness of the clay was suffi-
cient to draw down the portions m m away
from the upper portion of the sides of the
holo—a result which is probably tho opposite of what might be expected,
namely, the upward pressure of the clay at the points a ¢ due to the dis-
plagement cansed - by ramming, and this was why in the beginning of the
report it was affirmed that the clay when it has its natural lie and bed does
not appear to have any tendency to obey the hydrostatical law of the equal
distribution of pressure.

“In order to judge, if possible, how far the earth, not under, but in line
with the bottom of the wall, was under pressuro, it is necessary to com-
pave the weight of the piece already taken from this position (1+066 oz.
per cubic inch), with the weight of a piecaout of all possible range of the
pressure, and with this object a piace of clay was taken from about balf
way between the two walls, and that the depth of 2} feet below the ground,

a

D) ’“t;\lg
“UWN

or the original height of the bottom of the walls; the piece when cut

sq;laro was 108:02 cubic inches, and weighed 7 ths. 8 oz. = 115 oz, %

10802 S . R
piece—a result which differs so little from the other as to lgad o the con,

15 1.064 oz per cubic inch, i. ., the weight per cubic inch of ihia" ;,

clusion that the former piece like the latter was not in & state of m“ﬂ*, .
sion ; another piece of clay was afterwards taken a little. below. the one st :

depth of 2 feet, 6 inches, and with almost the same resalt.

The qnestwn remains what became of tho earth when wb]ﬂcﬁd ﬁo the. .‘.,‘

pressure of 8 tons per sguare foot, and where did it go to? .
Supposing first that only the earth vertically below t.he wﬂl wn
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comprésséd, then ellowing & compression of § its- volume for every cubig
‘foot, in ‘order to obtain ‘75 of a foot total vertical eompression, the
depth to which this compression would reach would be 9 X *762=63 feet,
or as the wall is one foot wide, the sectional area under compression would
be 6:8 square feet. ’

Of course the supposition of the dompression taking place only vertically-
under the wall, is merely wade for the purpose of illustration ; and as the
smount of compression would be gradually diminished-as the distance from
the wall increased, the actual sectional area under compression would be
probably considerably greater than ¢ square feet.

Assuming, however, that it would be 6 square feet as above, and
that the earth under compression would take a
pyramidal shape (see sketch) (with the sides
inclined 45° to the vertical) in consequence of
the distribution of pressure due to the toughness
of the earth, if = be the depth of the bottom of
this triangular potfion below the wall, thus—
2 (z 4+ 1) = 6, and solving the equation

c+3=fHo=2

The real history of the compression probably lics somewhere between

these two extreme hypothetical cases, and might be represented rough’y
by the sketch, the first few inches of compression being obtained by the
sides of the wall cutting through the clay, and the further amounts by the
eompressions distributed over a-larger area by the toughness of the clay.

1 give these suggestions as to the manner in which the compression

takes place in the clay as they occur to me ; they will of course be taken
for what they are worth. In so far as they are theoretical, they are pro-
ab!y not of much value, but they may servé to aid the conclusions of those
wide'experience fits them to theorize with anthority.

~As it may be interesting to know the amount of pressure under which
uthb clay was “found to lose one-eighth its volume by compression when
‘, ‘pmssad in & vice, T give the following calculation :—

Pitoh of screw fg-inch, .

Langth of Yever arm 1} feet. *

; ', Dianmeter of serew 13 inch.

' ,I estxmlte ‘the foroe I exerted on the lever arm as about 100 fbs, = P,
allowing ouly for the friction exerted between the threads of the screw—

Vakd
’ N

et o e e o st s e

z‘.'a !
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. P--. = Q ten (L + Q) ; where L is the inclination of the screw, Q ﬂmunit-
ing amgle of resistance*—

a == lever arm of P.

7 == radius of screw.

— 1 pitch .
o o ] “’ — ] -_— '
L= tan TeumTerence of screw == tan™! 1@ = tan’ 081 ==5°,

And the value of Q for iron against iron is nbout 10°
9
SPXEE12 g tan (50 4 10 100 X155 = Qtan 15'-Q~-1°°’”“

7-tan 15°
Log 100
s 144

2
21583623,
10

H i

14:1583625

Log 7 8450980
) tan 15° = 94280525

102731506

LogQ = &8852120 Q = 76476 Wbs. = 54 tons,

—

Say 3 tons to allow for the bther surfaces under friction not taken account
of in above formula, and this force was brought upon % square foof, and
would, therefore, represent 9 tons per square foot,

ll

W.L.G.

Note by Coroxer Anex. Tavror, R.E., Chief Engineer, Military Worke.

This is a very interesting report. The experiment was well devised
and has been carefully carried out and fully reported. ‘
The experimental ramming referred to in Lient. Grroenstreet’s repm't
was calcnlated— :
(a). Todemonstrate clearly that in the soveral stmons in wlﬂch lurge,
building operations*have to be carried ont by this bwm:h the
resisting powers of the soil differ greatly. "
(5). To establish also that similar differences occur in the same Mnn.'
() To bring home to all concerned, the importance, in the case of nll '
buildings, of consolidating the soil at the bottom, of. the'
foundation trenches to the full extent that can be aﬂ'eqhd by
hand Yamming before laying the foundamﬁa of ﬂle wl‘lh.
Attached to this note is given the result of the upmmenh no ftr u“
they hwebeanreporwd CeaT e
* Tobsdn's Peactical Mochanic. I
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- It will be seen that it was not found to be practicable at Moradabad to
effect much compression of the soil in this way, showing its powers of re-
sistance to be greatly in excess of that at Fyzabad and Allahabad. This
should be clearly borne in mind in attempting to deduce, from the experi-
ments now reported, a safe load for future adoption.

The most remarkable fact which the experiment brings to light is the
very great difference in the bearing power of this strong soil in the very
small area of 9° x 6’ (se¢ Lieut.-Col. Perkins’ letter). Under the load
of 8 tons por square foot, the compression varied from 2-1 inches to 9:3
in'chesl and this under circumstances eminently calculated to secure an
even seitlement. It is clear from the report of the Executive Engineer,
that neither the appearance of the soil, nor the information in regard to
its quality, which he acquired from having it punned for two days with
heavy rammers, led him to anticipate that its bearing powers were so
inferior under the north wall generally, and so greatly inferior under
its west end.

The next point to be kept in mind is, that the experiment extended
over a very small period of time. The loading was commenced on the
12th July, end unloading was entered on the 16th Soptember, 1873,
There can be no guestion that had the loads been allowed to remain in
force for & long time, very. greatly increased movements would have re-
sulted, This will probably be accepted on all hands; but there is no
want of large buildings to be referred to in which for some years after
their completion there were no cracks or signs of movement, but which
sfterwards began to subside irregularly, and exhibit rents more or less

. unslightly and causes of anxioty.

To me it seems Lieut.-Col. Perking’ letter establishes sufficiently that
in the cage of the strong soil of Moradabad, it would not be prudent to
lpud the foundation trenches of a long building with a greater weight than
0-964 tons per square foot, for it has not been ascertained that the soil
‘on which the experiment was made, represents fairly the weak parts of

I‘,t'ha Moradabad surface, snd it is shown that that is a load which would be
only suitabls to the soil experimented on, if its action were limited to &
shoxt spate of time.

- From » consideration of the foundations of umny exisiing buildings,

_some . of which are cbviously much too narrow, and others of which sre

. perkaps Wﬂ! sufficient, I am satisfied that in onr plain stations, such e
. VOL.¥E.eSEOOND SERIES. 20
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Cawnpore, Allahabad and Fyzabad, it is not prudent to place the main
walls of double-storeyed barracks on foundations of less width than 9 feet,
and this after effecting all that cousolidation of the bottom of the founda-
tion trenches that can be produced by hand-ramming with heavy. pavior
ramimers. * ‘ .
The pressure on the soil under the foundations which will then obtain,
taking the maximum
Including & load on the . . ,
upper floor of 80 Bs. and  Omitting load vertical wind pressure
* Xf?é”&’a.“,iéf sare an'Wind premare. 8 23 fbs, per square
foot.
foot, and the load on

Load on the foun- .
dation trenches of] the upper Hoor at
maln wall in tons
per square foot, 073 90 tbs. per square

foot, will be about the
amounts shown in the margin, which have been calculated from designs
for a building, of which the lower walls are 2} feet thick and 17 feet 6}
inches high ; and the upper walls 1 foot 104 inches thick and 20 feet high
to the bottom of the tie-beam.

Reported result of experiments made on the compressibility of the soil in
certain Stations, at from 24 to 4 feet below the surface, as tesied by
hand-ramming.

COMPRKSSION OF THE | v
80IL IN INCHES, .
Kame of Station. e Rewarks.
» Least rey } Greatest '

porved reported.
Fyanbad, e 072 768
Allahsbad, ... 0625 30625
Cawnpore, ... 024 084
Moradabad, ... 024 108
mmu'mndi, 036 072

Note by Mssor-GENERAL wa. Tavron, Ofy. Secy. to Gavt of P‘myab,
P. W. Department.
It is observed that in the conclusions artived at iu ngd in mgm!
to the weight that may properly be placed on foundation trenches in the
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_alluvial soil of that Province,* a factor for safety has no place. It is
practieally assumed—

(2). That the compression which was reached in a few days would
not be materially increased were the loall allowed to act for
years.

(). That the soil at Acra, at the precise place where the experiments
were made, is not superior in its power of supporting a load
to the alluvial soil of Calcutta or other parts of Bengal. ’

On the other hand, the Moradabad experiment shows conclusively that
at that station, (where the soil is of a most excellent and firm character,)
the ground yields under pressure exceedingly unequally, even in places
only a few feet apart. ' )

The table at the foot of the note by the Chief Engineer, Military
Works, also shows that in different stations the power of soil to resist
pressure differs greatly ; while the history of numerous large buildings
in Northern India, clearly establishes that foundations which have satis-
factorily carried them for & considerable period have in time yielded, and
caused very serious rents i the walls.

In supersession of former orders, it is ditected, as regards this Pro-
vince, that in soil which admits of being consolidated by ramming, the
foundations be always thoroughly punned with heavy rammers, and the
load on them limited to §ths of a"ton per square foot.

' A.T.

-* ¥ige ¥o. OLXXI., Professional Fapers on Indian Enginesting, Second Series,
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No. CCXXXIV.

GANGES RIVER TRAINING WORKS OF THE IDWEB
GANGES CANAL.
[Vide Plates XXXL, XXXII and XXXTI1}

«

By Masor H. Hersaax Jones, R.E.

Tae works which it is proposed to describesin the present paper.ars
sitnated on‘the left bank of the Ganges between Rajghat and Narora.
Rajghat is the place where the Oudh and Rohilkhand Railwsy erosses
the Ganges between Aligarh and Chandansi. Narora is four miles be-
low Rajghat, and is the site of the weir intended to tarn the waters of
the Ganges into the new canal called the Lower Ganges Canal. . '
The gprks in question were designed to serve a double parpose; viz.,
Jirst, to straighten the course of the river, which before their construction
was very orooked, and secondly, to prevent the flood waters of the Ganges,
when raised above their natural level by the construction of the weir, fmm.
finding an outlet over the low country on the left or eastern bank, and o
flanking the weir altogether. That this latter danger.naedstobegnhtded
against even more than is generally necessary in such cases, mll be m'
on an inspection of the cross section of the Ganges valléy g’lm in'
Pigte XXX It will be observed that the present course of. the am'um}
is by no means in the lowest part of the valley, but that & few miles 0 s
eestward, there is an old bed on & much lower level than that in'which ﬂmi.
river now flows. Should the river bresk out to the et it mght lnd'f
0 an entirve diversion from its present course, or at sny ratesn’ mmu
amount of damage might be done by the Bood waters ponsivg ﬁmm mojv
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‘the low country: Buch an event did ocenr somewhat higher wp the river
» few years 8go, but the present writer is not aware of the precise posi-
tion of the ontbreak, nor of the details of the event. The water which
then escaped from the present course of the (anges did much damage
in the low level bed (known as the Mahewar Nadf) to the esstward. It
is understood that some measures to prevent a recurrence of the disaster
were taken ; whether sufficient or not remains to be seen. At any rate,
it is quite clear that such an event ocenrring in the neighbourhood of the
weir, would be highly dangerous and this was one of the reasons urged in
1872, by Lieut.-Colonel Henry Brownlow, (then Offg. Chief Engineer,)y
against a reduction®of the.ength of the Narora weir from 4,000 to
8,000 feet, as proposed by Colonel Rondall.

In order to serve the double purpose above referred to, the works con-.

sist of two parts :— .
1. An embankment running along the edge of the khadir land,
called the left embankment,
2. A system of groynes placed at right angles to the lateral embank-
ment and projecting into the river; serving to drive the stream
over, and snbsequently to keep it from returning to its former
course, and endangering the embankment.
Plate XXXII, Figs. 1 to 6, will render the description intelligible.
. Pig. 1 shows the condition of the river in 1870, when the first project
for the canal was being drawn up.
\ Fig. 2 shows the course of the river in the spring of 1878, when the
~works wero begun,* and the remaining figuros show the state of the river
‘ii'l the beginning of each succeeding year up to the present time.
| Combined with the permanent werks tree spurs have also been used,

and in!mne instances very successfully. They are, however, only tempo-
. Tary expedxonh and cannot, unsupported by other works, be expected to
m permanent resulis,

mﬁght bank of the river is high and permanent, being composed

aneﬁy of strong clay, and it is strengthened by beds of kankar which
Jave fonnd at the headlands of Karanbas, Rajghat and Ramghat. The
_ present m bank is Jow and composed of sand, and the actual left banke of
thtﬂlnxel valley is 12 o 14 miles to the eastward. No doubt the
iim* lm at ﬁlﬁ'omt times wandered between these wide limits. ‘
U TSR LT e ek svorks wese begun b Mareh 1673,
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It will be seen (Fig. 1) that in 1870 the river ran close under the
high bank off the village of Nayabas, (above Rajghat,) forming a deep
bay, end that it then crossed the river and formed & deep bay on the left
bank of the village of Faridpur, Before 1873 there had been s great
improvement. This was partly due to the tendency, well-known in these
rivers, of deep bays to silt up of themselves, partly to the works of the
Oudh and Rohlikhand Railway. At first sight the railway embankment
thrown up in 1869-70 seems as if it would have acted as a groyne, but
in fact the flood waters did not reach it. It, however, closed several
minor channels on the left, or east bank, and a number of brushwood
spurs, which were used to train the river »at the #ite of the railway
bridge had also a good effect. The conditions were, therefore, more
fuvourable when the works were begun in 1873, than they would have
been hadeit been necessary to begin in 1870,

Fig. 2 of Plate XXXIL, shows the state of the river in 1878. The
Nyabas bay was then to a great extent dry, and the course between Karan-
bas and Rajghat tolcrably straight, but there was a great loop between
Rajghat and the village of Narora, and at its apex the bed of the river
was & mile-and-a-half east of the course desired. There was slso s side
channel (not shown on the plan) following the course of the stream of
1870. This did not run in the cold weather, but there were pools of water
along its course. :

The works proposed in 1873 were—

A part of the left embankment from the railway bank near Miunpur to
the root of No. 2 groyne.  Also three-quarters of a mile of the embank-"
ment from the left flank of the Narora weir upwards. g

Two groynes Nos. 1 and 2.

A tree spur just below the Rajghat railway bridge,

These are shown in dotted lines on Fig. 2 of Plate XX XII.:

. The embankment was laid out 5o as to keep on firm soil, and its align-v
ment was thrown back 1,000 feet. to the east of the left wing of ghe Nazors '
weir, 50 a8 to keep it clear of heavy scour during floods. The top of the
bank was fixed 5 feet above the probsble HWM of ﬂuods uﬁu the.
cothpletion of the weir.* "

The top width 15 feet with front md back slopes of *md ¥ rapﬂoﬁwly :

* Thisis & mstcor which' ui»mmmimmmwumm &MWWMWM,
be saised, This oan be asovriained s the welr is graduslly raised to full eight, o i

»
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~ The groynes were designed with their top level the same ag that of the
‘embagkment at the point from which they spring. Top width of 10 feet
(subsequently increased to 15 feet), and both side slopes 4. No. 1 was
2,800 feet in length, No. 2 about the same.

Of these two groynes only No. 1 was sanctioned, as the short time re-
maining before the floods did not, allow of both being made. Indeed,
No. 1 was only got up with great difficulty amidst the Yarious hot winds
which prevailed in that season. The expedient of using screens of arha
had to be resorted to, to get it up at all. These screens were set up along
the line, and the bank brought up three or four feet under shelter of them.
They were then set tip on the top of #he bank so formed which was again
raised as much as possible, when a second move was made, and so on.
The groyne consisted of pure white sand, nothing else being available. The
thin deposits of mud usually found. in these rivers, and which serve to
cover the surface after the sect’on is formed, were not to be found, and it
was necessary to collect grass roots and put them in on the up-stream slope
and to keep up the arha hedge for the protection of the crest. In the
next season these mud deposits were found in the bay formed by the groyne,
in sofficient guantity to soil the whole of it effectually.

There was no difficulty in constructing the main lateral embankment.
The ground to be covered by the bank and that used for borrow pits, was
carefully stripped of its turf and aHuvial soil, and the material so obtained
was preserved for soiling the bank, and in most places was sufficient.

The head of the groyne was wmade on the plan described in the 2nd Vol.

~of the Roorkee Treatise on Civil Engineering, as having been used on the
Gandak, and which is shown on Plate XXXI1I. The stakes were driven
12 feet bllow low water. They were driven by means of the Swiss pile
dtive‘f, described by Lient. T. J. Bucknill, in the 18th Vol. of the
Professional Papers of the Corps of Royal Engineers. These pile
drivers have been largely msed on the Narora works, and found very
useftl. - In 1875, however, some light wrought-iron ringing engines which
had been used at Narora were available. They weraused and did the work
muth more quickly, They are provided with movable beds and flanged-
unners, 80 thatthey are very casily moved. With the Swiss pﬂer, a good
M ot’ hma is lost in gétting the pile set up trdly.

The #pace between the double lines of stakes was filled with block hn-
Xear alternating with fascines in beds,two feet thick of each. The fascines
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were made of tamarisk (jhdo) jungle eut near the river, and made up
precisely like those used in field fortification. The block kankar had to
be brought by railway from near Aligarh, and carted from Rajghat. It
was therefore costly, and one of these groyne heads can not be made here
much under Rs. 12,000,

A tree spur was made, resting on the east abutment of the railway
bridge, and extenamg 1,200 feet in the direction of the village of Nodai.
It was hoped that this spur would divert the early floods into the channel
passing Nodai. It did not effect this, possibly becanse there was a clay
bank leading to the temporary railway bridge which had a contriry effect,
and this clay bank was not removdd by the railway Engineers till May
1874. After its removal, the flow in this channel increased, though the
tree spur no longer existed. This tree spur, however, greatly assisted the
action of No. 1 groyne during the floods of 1873, and helped to throw the
action of the flood on the large island.

There was & deep scour off the head of No. 1 groyne in July 1873, but
the groyne head stood it admirably, though some repairs were needed. A
Sub-Overseer and a party of men lived on the spot, At one time the flood
swept round the groyne head and attacked the down-stream slope. This
was met by using {rees to protect the part attacked, and by a small tree
spur attached to the down-stream side of the head. '

Fig. 3 shows the result of the work done in 1873. It will be ob-
served that the absence of the second groyne was a serious evil. The'
flood stream driven against the large island by the Rajghat spur and .
No. 1 groyne, re-bounded over the site of the proposed second groyne snd -
settled into a cold weather stream further east than in the pre\:io‘us‘m."
son at this part. Consequently the No. 2 groyne could not be carried
to its full length in 1874. 1t could onl y be made 2,800 foet long.

In the cold season of 1873-74, the work done consisted of an ex-
tension of the left embankment to the root of No. 2 groyae; %h
constraction of No. 2 groyne and of & treo spur 800 feet long nttl&wdlf';
to the head of groyne No. 1. It was hoped that this tree spur would ™
cauge the eastern channel to silt up, and allow the new groyne ic be cu'ﬁtd
to the length proposed in 1873, but its action was not rapid ﬁnough for :i
this, and the-groyne has to be stopped st 2,800 fost, o sbm-mﬁowd ":'
Later, when the floods began, it greatly assisted the aption of Ko 2 groyno.
The bead of No. 2 was precisely mmmrt«oth;t oﬂia.l gwyne
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It was ab first intended to propose an extension of No. 1 groyne, but
this idea was abandoned because, being intended to serve as a part of the
permanent system of works, it was not thought prudent to advance the
head $0o near to a line joining the 16ft abutments of the bridge and weir.
1t lies about 1,400 feet clear of a line joining them, and the heads of the
other groynes were retired to the same distance from this line.
In the early part of the floods of 1874, No. 2 groyne was exposed to:
s sovere trial. The floods at first kept to the eastern cold weather stream
and, as the last 300 feet or so of tho groyno had the stream running nearly -
perallel o it, there was a severe scour. This was met by fixing trees
along the face, and by a small spur of stakes and brashwood ran out up-
stream. Two cross spurs of sand (shown in Fig. 6), with heads of stakes,
brushwood, and a little kankar, had been made, and proventod the water
ponded up above from running along the face of the groyne. The down-
stream one prevented any action similar to that on No. 1 groyne in 1873.*
The flood, however, rushed round the groyne head with great force, and the
lead frequenily showed a depth of 40 feet quite close to the cribwork,
The up-stream nose first subsided, thus performmg its office.
Later (on 8rd July) the horse-shoe of cribwork was partly breached and
part of the neck fell in, owing to the depth of wateron the up-stream
side, but the Sub-overseer (who lived on the spot) was able to prevent
a complete breach between the head and the body of the groyne, by using
trees, &o. A few days later the action of the groynes in silting up the
bay between them began t6 tell and increased very rapidly, so that in
‘ August a small boat could not pass down what had been the main chan-

nel. Ultimately the cold weather stream receded to 3,600 feet east of the
' groyne head, as shown in Fig. 4.

" Fiy. 4, compared with Fiy. 3, shows the erosion of the large island

in the floods of 1874 to have been very considerable. Owing to the

shortness. of No 2 groyne, a peint was left just below. the prolongation
_ of this groyne, and the deep stream was deflected towards the old hamlet
""of Gangabas, and then re-bounded in the direction of the right flank of
- the weir; leaving a large piece of land in front of the eastern part of the
Coweir,

. In the cold weather of 1874-75, No. 2 groyne was extended 1,800
) ‘f‘eet, meking & total length of 4,600 foet, and a new head whs made, the

-» Thia netion ocourred but mevely cnused some damage to the head of the orows spurs. o
VOLe VI, ~=$ECOND SERIRE,  ’ 2r
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available materials of the old one being utilized. The main embankmbnt :
was also extended as shown in Fig. 5.
It was expeoted that this extension of the groyne would cause the erosion

of the island opposite No. 2 groyne to be considerable, and also cause the
" main stream to impinge near, and cat away the point opposite Narora vil-
lage, and force the stream to pass in a nearly straight line from off Ne, 2
"groyne to below the weir. This expoctation was reslized.- A tree spur

was nsed attached to the new héad of No. 2 groyne, and the combined
* action of these works was very rapid and effective. Long before the end
of the floods, the Giangabas bay was getting dry, and the main stream
impinged on the desired point, and by its action, aided by gangs of men who
were employed to loosen the grass and roots on the bank, removed a large
quantity of soil which would otherwise have had to be excavated. This
saved a considerable sum of money, and, what was of more importance,
ollowed the stream to run in a straight course over the line of the weir.
In previous seagons there had always been o set into the right bank above
the canal head and weir sluices, and tbe water ranning out round the
bund enclosing the sluices had scoured deep, and thus hindered the works
Thlrty foet of water had often been measured in the cold sesson at places
where it was desired to lay kerbs and sink wells. At the beginuing of the
cold season of 1875, the river had, owing to its running in a tolerably
straight course, assumed a very regu'lgr section with a mnderata.depth
everywhere, was easily manageable, and offered no obstacle to an early
commencement of work in completing the line of wells for the weir, This
was accordingly taken in hand in October, and the line completed from .
bank to bank jin March following.

Tu the season of 1875-76, the system of main groynes was comp)ated
by the construction of No. 3 groyne, in a way precisely similar to the others
and by throwing out two small groynes Nos. 4 and 5 from the embank-
ment near the left flank of the weir. These two last were iutended o
prevent any latoral.scouring action on the left embankment duting floods.
No. 8 groyne was required to stcare what had been gained in the previcus
season, as well as to protect the left embankment. The emblnkment was
aleo completed in this season,

In the ﬂoods of 1876, there was no very severe action on ﬂxe gvoyn b
The erosion of the main island continued, and was socelavated by keepms
s large gang of men at work opposite groyne No, 2. . o o
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Cnts bad bm mwin &urmg the cold weather to oon&uct the fleod watm‘
to the Yeft or eastetn part of the woir, and during the floods; gangs of
men were kept at work loosening the soil, both above and below the weir,
and thus promoting ¢he scotring action through them, and also outside
on the left bank of the old stresm. The result is seen on comparing .
Fig. 6 mth Fig. 5.

In the present sesson there remains nothing to be doue to complete.
the system of works as at first proposed, but it is inten8ed fo throw up
some small sand groynes betwgen the maimones, to check the movement
- of water duaring floods and thas accelerate the silting up of the bays
between the masin groynes, which may be expectod gradually to go on
until the soil reaches the level of high floods, and -is all covered with
jungle. 'When this shall have beeg accomplished, the embankment will be
well protected against scour, and it will only be necessary to keep it in
repait and free from rat-holes, &e., to provide against extraordinary floods.

*‘Mzeerour,
10th March, 1877,

H. H J.
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DISCHARGE OF CANALS.

By Capr. ALLaN CUNNINGHAM, R.E.,‘Hony. Fel. of King’e Col., Lond.

[ Preface.~In this Paper is embodied the experience gained in extensive Hydraulic
Experiments performed under the writer's superintendence in cold season of 1874-75,
and from December 1876 till the present time. It is published as a suggestion to-
wards obtaining uniformity of procedure in Discharge-measurement on Indian Canals].

1. Discharge.—The measurement of the DiscEarGE of a Canal
actually running, is an element of prime importance in Irrigation economy.

Inconsequence of the approximate regularity of-the beds of Canals,
and of their comparatively small size, much greater accuracy is obtainable '
in the estimation of the Discharge of a Canal than of -a large River.

Different methods are applicable according ta the gize of the Canal in
question, For this purpose they are conveniently classed under the heads
of ¢ 8mall Canals” and « Large Canals.”’ .

2. Bmarr Cavavs.—Experiments were made in France by MM.
Darcy and Bazin for a great length of time on small experimental canals
of about 6 feet width under such varied conditions of bed, banks, and’
slope, that the measurement of Discharge of small canals may now be
made with considerable care and aceuracy by help of their resalts.

‘The Results of their premnents may be summed np in lallo’mng
formule :— '

Let r = Hydratilic Mean Depth of any cross-section in jw

A = Area of that cross-section in square foet: . P
S = Blope of water-surface at that cross-section. . . |, '
= Fall of water surface in any distance - hy that- diotance,‘
both dimensions in same lineal unis, e.., in fest.
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v, = Maximum (or Central) Surface Velocity at that crossesec-
tion fm feet per second. ,
V = Mean Velocity through that cross-section in feet per second.
D = Discharge through that cross-section in cubic feet per second.
C, ¢ are certain (variable) coefficients depending on the hydraulis
mean depth and nature of banks and be(_l.
Then the formule are, D= AV, ... ceessecrannennans (1)

V= C /75, where § = l\/l-—-ﬂ (a -+ ) wesernnninnens (2),
where.a, 8 are certain nusmerical coefficients dependmg on €he nature
of banks and bed, whose values are given in Table L for the four cases

given by Darcy and Bazin.
V =g¢.v,, where c =& +c25$,... PRI ¢ ) X
Thue the Discharge may be obtumed by observations of two distinct
kinds :—
{1) of elope (8), and hydraulic mean depth (r).
(2) of central surface-Velocity (v).
Method i, (Data B and r.)—Iu small canals, the average slope of
bed is (when uniform through a great length) very closely the same
as the surface-slape, (except near the head, where the motion is not
uniform) : this permits of the * bed-slope” being used (for 8) instead
of the “ gurface-slope,” (which is in strictness the quantity represented
by 8.) Thisenables an estimate of the Discharge that may be expected
from a given small canal (in which of coursethe “bed-slope ” and « hydrau-
lic mean depth” .are known) to be estimated & prior: with some con-
fidence,~a matter of considerable importance,—by use of formula (2).
‘When o small canal is actually rauning, observations of the actual
# surfaoe-slope ” may be made, and this quantity may be used for 8 in for-
mula (2), but the convenienoe and correctness of the other method.fol«
lowing, (Method ii,) are 5o much greater. that this is seldom resorted to.:
. The value of C is given in Table L. below for values of r < 20, so
_ that only the quantity C a/ #8 requires to be calculated for such oases.

 Even this labour wmay be saved in ordinary cases by the use of Tables®
: smted for the purpase.

“# ¢ Tghles of mwoom« #nd Dischargos,” by the present writer, showing values of ¥ and
D caloulnted by formuta () for earthen trapasoidal chanmels for bedswidths 1 to 2, depths 1 to &,

' ;uﬁ::mmwm.w. mmhnmnwmme-m«um.m;.m
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Moethod ii. '(Daiuin, Central Surface Velocity, vo)~The gole obser-
vation required is a'good measurement of the Central Surface-Velocity
freed from the effects of time-variations. It will be found on trial that '
successive mea.smements of the velocity—even if succeeding one an-
other, as rapzdly as the means admit, and even with all precautions as to
accuracy—differ considerably. This is to be attributed to a great extent
to real changes* in the motion of the current, and not by amy means to
observation-error alone. “What is wanted for the present purpose is
evidently the average value of the central surface-velocity, Ag the
calculated Discharge is to depend on the measurement of velocity at a
single point, (the centre,) every pains should be taken to ensure obtain-
ing areally good average value of this quantity frged.from the effects
of time-variations. At least 20 separate measurements (but the moret
the better) should be made, and their arithmetic mean should be taken
a8 the “ average value of ibe central surface-velocity,” being tho
quantity denoted above by v.. The mean velocity may now be found
by formula (3). (V = ¢.v). The values of ¢ for ordinary cases
(according to Dazin’s Experiments) are giyen in Table II.

The ingtructions a8 to Site, Run, Cross-section, Tining, and Reduction
of Velocity, given in the following Article, in case of observations on
Large Canals, are applicable to a great,extent to the present case also,

‘8. Larar Canavs.—The Discharge of these may also be roughly

_obtained by the same methods as above dgscribed for Small Canals,
‘but with much greater accuracy by measurcment of the “ Mean Velo-
citiea” past a great number of verticals in the same cross-section, either
with “ Velocity flods” or by “integration, ” (see Art. 125, Vol. 1L of
‘Roorkeo Trostise on Civil Engineering, 3rd Ed.), with a Current Moter.
. From a very extensive scries of Experiments on the Ganges Canal

at Roorkee, it has been established} that,~
$Tho nctual velocity of a floating thin vertical Rod reaching from the surface

nearly to the bed, is very nearly equal to the % Mean Velocity * of the ver-
tical plaae in which it moves,”

the appmmmatxon being it is believed at lenst as great a8 1§ obtamabla
‘with' nny other ipstryment. Upon this sole principle, (estubhshed by

® Set nyammm:mmnem ot Roorkee in 1874-74," by the present writor, Arts, 23 toza.

" 1 Thestandard mmmboer used in the Hydrpulio Bxperiments at Roorkes in 1875:77 was 48,

¥ The Rxperiments are siill in progisss, eo that tho (ull evidence on this polnt hns not yevbeen
mmuhea Thore ta soms evidence to this effoot in « Hydrautic Bxporimonts at Roorkee in Lo
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Expariment) the application of thess Rods to Discharge-Mensurement
depends. Tho rapidity with which this Reenlt (the Mean Velocity in
ita line of motion) is obtained, far exceeds that possfhle by sny ather
known process, except “ by integration ” with 8 Curreht Meter, The
gimplicity and cheapness of mannfacture, and the cunvenience of tse
of the “ Velocity-Rods ™ i so great, that their use will, it is expected,
be generalty adopted for Discharge-Measurement in Canals, and will
alonge be described here, .

4.. Deseription of “ Veloeity-Rod.”—The essential roquisites are:—

“The Rod should be round (cylindric), thin, stiff, of uniform exterior, non absorbant

of water, and unaffeeted by hot winds ; its contre of gravity should be ae low ae pos-
#ible, and the part projecting ahove the water should be aa light as poasible.”

The pattern u-Ml in the Esperiments* at Roorkee, in which all the
above requisites are secured in a high degree, is sinply a hollow (cylin-
dric) tube of abouti 1 inch diameter made of sheel tin : the lower portion
(or loaded end) is formed round a short Jength of rod-iron, the diameter
of which in fagt determines the diameter of the whole tube ; the lepgth
of iron used is such that its weight almost submerges the tube to the
dopth desired ; the fine adjussment heing effected by the addition of small
shot by experimeut in still water. About 2 or 3 inches is left projeot
ing out of the water, und the mouth scaled permanently with & disg of
sheet tin. The whole is painted black as a protection from the wator.

They are made up in sets of from 6 to 12 of each particular depth of
immersion required ; of every length, advancing by s half-foot, from 1
foot (depth of immersion) to the extreme depth of imntersion required,

‘Whon in nse, they are laid out on long planks with raised adges,
(forming a sort of « plank-tray ”') to save risk of bonding by their own
weight, as they are of course somrwhat fragile. .

Site, ge.—~The site chosen for the section at which the Discharge
is to be measured should be & very long straight resch, in which the
cross-section, aud physical condition of the banks and bed are pretty
uaiform for a long distance, as fur as possible from any disturbiog een-
ditions, such as Falls, Ontlets, Inlets, Piers or other obstacles in she
stream, &e.

Run,sPendants, §o~~The vssential past of the ol&mﬂm mmm
simply in timing the passage of a “ Bod” (resching frowi the surfoce

» They are made by » common unve tnvuitth in the Lass, 6 » oowt of woomwt i ko A 63t e
nas pet linead toot whren mnde i large numbery.
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nearly to the bed) over a known distance as accurately as possible.
These Rods should be run at as many different points of the cross-section
as time and convenience admit; the more numerous these are, the
greater accuracy is attained in the Result.

This known distance (technically called the “ Run”) is defined by
stretching two Ropes across the stream at right angles to the thread ef
the current at the required distance apart. A distance of 50 feet will
probably be found the most convenient* for this purpose.

Pieces of white Rope (technically termed ¢ Pendants ) should be
attached to these Ropes, and allowed to hang from them nearly down
to the water-surface, to define the positions under each Rope close to
which the Rods are to be passed.

Cross-sections.~—Several eross-sections should be taken by sounding
right across the stream : there should be at least three of these; viz.,
one at each of the Ropes which define the ¢ Run,” and one half way
between ; any others shouvld be in pairs at equal distances (of half
the length of the “Run”) above the upper Rope, and below the
lower Rope. The soundings should be taken in each cross-section op-
posite each Pendant on the upper and lower Ropes, so that there will
be a row of soundings in a vertical plane parallel to the stream through
each Pendant. The average of the depths in the row of soundings cor-
responding to each Pendant, is to be considered the proper value of the
depth at that Pendant, and is denoted by J in what follows. The
(submerged) length of the Rod passed at each Pendant should be as
nearly as possible of this length,

B. Use of the Rods.—A set of about six Rods of every length
required for use should be collected on a “plank-tray” in a boat sta-
tioned about 100 feet above the upper rope. The Rods should be
delivered vertically into the water from the stern of the boat, allowed
to slip rapidly through the hand, and checked by the hand just before
touching the bottom, and then let loose. If this is sgkilfully done, the
Rod should leave the hand in a nearly vertical position, and acquire a
state of ralative equilibrium with the current long before reaching the
upper Rope. The Rods should be invariably the longest that will run
Jreely along each line, After the Rods have passed under the lower

¢ Thiswas the standard distence used in the Experiments at Roorkee after much experience : the
::m.f?r wdopting this length are given in Axt. 15 of  Hydsaulic Experiments at Roorkee in

VOL, VI,=-KECOND SERIES, 2q



292 DIRCHARGE OF CANALS,

Rope, they should be ‘caught and collected by help of a second Boat
stationed a littlo way below the lower Rope.

Timing.—The essential part of this observation (timing) is in noting
the instants of the Rods passing under each Rope in succession. A
congiderable error of ¢ personal equation’ may be introduced at this
step, if not so performed as to avoid this source of error. The principle
to be attended to is that the similar observations (of whatever kind)
at the two Ropes should be invariably done &y the same person. In tak-
ing the difference of the times of trausit, all effect of personal equation
should be climinated. :

Ez. 1. In using a stop-watch, the Assistant Engineer should stand at the wpper
Rope, and start the watch himself at the instant of transit, and then himsell go down
to the lower Rope, and there stop the watch at the instant of travsit ; being himself in
this case the sole observer.

Er. 2. In using a chronometer, one Assistant would stand at the upper Rope, and
shout at the instant of transit, and then himself go down fo the lower Rope and
shont at the instant of transit. The other Assistant would sit with the chronometer
midway between the ropes, and himself record the instants at which he heard the two

calls,
To eliminate mere accidental ohservation-errors, the velocity-measure-

ment at each of the selected puints should be repeated at least three times :
the mean of the three velocities may be considered the “ mean-velocity ”
past the vertical at that point freed from mere observation-error. It
will be fonnd that the three velocities go obtained generally differ by a
considerable amount : this is to be attributed in great part to real varia-
tinns in the motion of current, and not necessarily to observation-crrors,

Perhaps the most convenient way of effecting this is to start two or
three Rods as rapidly as possible one after another from the upper Boat,
%0 a8 to arrive in close succession one after the other at the upper
Rope ; their transits being there recorded, the observer would have to
wove down to the lower Rope in time to observe the earliest.

Out of a set of three started nearly together as above described, one
or more will probably diverge considerably from the intended line;
auch eases should be simply rejected, no record being made in the Field
Book : one or more will in general pass pretty close to the intended
Pendant at both Ropes; the observation of these latter Rods only
should be recorded. It will be found that much time may be saved by*
working in this manner.

¢ Thin procedure was adopted in the Hydranlic Experiments st Roorkes after much experience,
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Reduclion of the velocities.—
t1, ts the chronometer times of transits at upper and lower Ropes.
2 t,—t, = interval of passage through the Run, which may be con-

veniently expressed in seconds, or half-seconds.
¢ == length of “ Run ”, measured say in feet.
T s __ { velocity through the “ Run” in same units of time
=, -'{ and length as uvsed in (& - ¢,) and s.

The velocity is usually required in feet per second. Much labour of
reduction may be avoided by observing that if ¢, t, bo expressed in
half-seconds, (as would naturally be the casc with a half-seconds’ chrono-

meter,) and 8 = 50 f{eet, then the velocity= ;——5—9—5— (fect per half-second)
P |

00 . .
t:— ) Jeet per second, 1. e., the velocity in feet per second = 100 X the

—
=

reciprocal of the time of passage (taken in h‘."xlf-scconds) ; this may be

taken (by inspection) from a Table of Reciprocals. This reduction is
casily done in the field.

8. Caloulation of Discharge.—~
Let ® = distance of any velocity-measurement from onc bank, or
from mid-channel, in fect.
Ix = average depth along this line in feet.
tx = observed velocity of Rod nlong this line in feet per second.
== mean velocity through depth hy in this Jine (by hypothesis).
U, 4" distance of line of next veloeity-measurement to right and
left of above particular onc (vy), &n feet.
Then hye v = (Superficial) Discharge through full depth (%) in line of
vy, in 8q. ft. per second.
¥ 4,- ¥ == (Cubic) Discharge through sogment of breadth § (' 4+ 0%)
- (in the middlc line of which » is measured), approxi-
mately,—provided the depth through this portion does
not differ much from /Ay

dix vy .

The products of type Ay . b 4; Y are to be formed separately for

every segment of different breadth § (b' + b”) or different depth (hx);
the sum of all snch products is obviously the,—

V4 b

¥

Total Discharge == ¥ (Iv,. s ) cubic feet per second.
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The more numerous the points of velocity-measurement, the more
accurate will be the Result. To securo the best Result, these points
must, however, be suitably distributed, Asa general Rule, there should
be one at every considerable change of depth or figure in the cross-
section, and they should be closer togother when the velocity changes
most rapidly, €. e, near the margins.

For the purpose of application of good upprommahon—formulm in
calculating the above sum, however, it is advxsable that the cross-section
be either

1°,—divided into equal sub-divisions by the lines of velocity-moasurement, in which

case every & = &”, (= 3 suppose).

2°,—divided into a large central segment, and one or more smaller marginal seg-

ments on either side of it : each of which should be separately divided into
equal sub-divisions by the lines of velocity-measurement.

The following modes of sub-division are proposed as suitable for case
of Canals which are usually of rectangular or trapezoidal section, with
a bed tolerably level through great part of its width, The number of
distinct points of velocity-measurement proposed being only 5, 7, or 9
in the three cases described, should not unduly tax the practical Engi-
Deer.

Rectangular Section.—In a rectangular section of tolerably uni-
form depth right across, by far the best sub-division to employ is into
stz equal parts,—as this admits of the application of the best approxi-
mation-formula (known as Weddle’s Rule) : this requires the obser-
vation of velocities at five points in the cross-section; the velocities
at the margins may be assumed zero.

B xPx Bxfx Pxf [T
A

&

Let 8 = breadth of a division in feet = % fall breadth.
= central depth in feet.
h*, 8" k/, b, the depths at distance of one, and two divisions to
left and nght of centre respectively, in feet.
v,", 9", Vo, v. , v, the “mean velocities” through depths 4’ ) k’,
ho, Ry B respecuvely in feet per sccond.
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Then # Weddle’s Rule ” gives—

Total Discharge== 2B (" v,” + kv, + b/v, + 5 (k" v,” + kv, + b/ v,
By Simson’s Rule this would be——

Total Discharge =& B {4(h,” v, + hy v, + 1/ 0,V + 2(1" v + 1 v)],
or, if the rectangular cross-section be of nearly uniform depth (k) right
across, (so that all the quantities denoted by A are sensibly equal,)
these tako the sithpler forms.

(Weddle's Rule), Discharge =2 Bk {v,” + v, + v/ + 5 (vs" + v+ ,)}.
(Simson’s Rule), Discharge = 4 52 Mo +o,+v)+ 20, + v')}.
Trapezoidal Seetion.—In a trapezoidal section with tolerably level

bed and tolerably even side slopes, perhaps the best way is to divide

the cross-section into a ‘central segment,” cmbracing the whole
space between the side-slopes, and iwo ¢ marginal segments > includ-
ing only the spaces over the side-slopes.

Velocity-measurements should be made over the foot of each side-
slope, and also kalf-way between the foot of the slopes and the margins.
The central segment may then be divided into four or siz equal parts
by the pendants. This will involve of course either seven or nine
distinet velocity-measurements.

Using (as before) single and double accents to right and left of the
centre, respectively,

£", B, ' == breadths of a division of left, central and right segments

n feet.
1*, ¥ = depths half-way up the left and right slopes in feet.
h, = central depth in feet.

h'y ", hs”5 b/, k', k' = depths (in central segment) at distances

of one, two, three divisions to left and right of centre in fet.
v",07,9,,v,",v,9/,v/,0,,7", the “ mean velocities” through the depths

Kyhy S R\ by b/, B, B, B espectively, in feet per second.
[N.B~=h, k; ; v, vy are only required when tho central segment is sub-divided

into six equal parts. The figure shows the notation when the central scgment is
divided into only four parts].

LB P x P ox B x P oxFxA
I N

Then supposing the central segment to have been divided into only
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Jour equal parts, Simson’s Rule is applicable to eack of the segments,
(each being sub-divided into an even number of parts) ; thus the veloci-
ties at the margins being assumed zero,

Discharge through left segment, = 4 87 (k" v,” + 4 4" v").

Discharge through centre segment, = } 8 {h' »/ + A" v’ + 4

(hx‘ ”x’ + hs” VI”) + 2 hn vu}

Discharge through right segment, = 4 8" (&, v,/ A4 4 &' v').

Also supposing the central segment to have been divided into siz equal
parts. Weddle’s Rule is applicable to the central segment, and Simson's
to the marginal segments ; thus,

Discharge through left segment, = } 8" (A" v,” + 4 k¥ v").

Discharge through centre scgment,
= f"‘,ﬂ{b,” v o B0+ b, + v 4 RS 4 B (RS0 4+ Ay, + h,'v,’)}

Discharge through right segment = & ' (&' v/ + 4 k' ¢').

Simson’s Rule might of course have been applied to the centre scg-
ment in this case also, but Weddle’s Rule gives a better approximation
with no increase of labour of calculation.

[If the dopths (&) bo nearly eyual, all the above formula may be simplified in ap-

pearance, by placing this symbol outside the brackets ; the labour of the numerical
work will also be greatly roduced].

Suggestions towards obtaining data for the ddvancement of Hydraulic

Science.

7. It would add much Lo the utility of the Results of Discharges in large Canals
ohtained by the above parely experimental direet method, if on every occasion of sach
mensarement, the two following data were also carefully obtained (for the same sece
tion), viz.,

1°%,—Central Surface Velocity, (v,)

2°,—Surface Slope, (8).

These two data by means of the formule

Mecan Velocity = ¢ . v,

Mean Velocity = O /7 § .
wonld furnish two independent values of the mean velocity for comparison with
that obtained by simply dividing the former experimestal Result by the sectional
ares, viz.,

Mean velocity = D = A.

These data if simultaueously obtained in considerable number at the same cross-
section, would furnish most useful data for the advancement of Hydranlic Beience,

Canal Discharges are 80 commonly measured at the same cross-section, that with a
little expenditure of time and trouble, it ought to be quite possible gradually to ac.
cumulate a considerable quantity of these comparative data for the usual places of
Discharge-measurement, without incurring any specinl extra cxponse,
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To he of any real scientific nse, the site chosen must be a favonrable one, (see hints
ander sub-head dite above,) and the two elements required (7, and S must be mea-
surod with all possible care).

CENTRAL SURFACE VELOCITY v, —This should be measured not Jess than 30 or
40 times rapidly in succession, (this can he done in about 20 minutes,) to secare a really
good “ average ” value freed from the effects of time-variation, with duc attention to
tho hints above given under sub-head fiming. It will be of little nse attempting
the observation at all, unless the weather ig nearly calm. The direction and force of
the wind when light should be recorded.

SropE (S).~This observation is a very delicate one : unless done with great care,
it will be of no use.

The observation consists simply in finding the difference of level of two points of
the water-sarface at the margin at the same instant, at cqual distances above and
below the section of experiment.

These two points should be on same bank, and at spots where the cross-section and
longitudinal section of the channel are both geometrically and physically similar, and
which are also symmetrical, both geometrically and physically, wigh respect to the
gsection of experiment. These points should be as close to the bank as possible, so a8
to be in slack water, the slower the better ; and should be points of nearly equal*
velocity, if the water bo in motion.

As a preliminary, two permanent hench-marks should be established on the same
bank as close as possible to the places where the water-level is to be hereafter ob-
scrved, and their difference of level found with the ntinost possible accuracy.

The actual observation will then cousist simply in conunecting the level of the
water-sarface at the two chosen points with the bench-marks at the same time, This
must be done on a caim day only, by two observers working simulta neously by signal,

The exsact mode of connecting the water-surface with the beuch-marks must
depend on the naturc of the banks. The best mode is that which interferes least
with the normal motion of the water : the level of the mazimum and minimum vs-
cillations of the water muet be invariably recorded.

[With the usual sloping earthen banks, the hest plan would prohably Le to drive
a stont peg into the bank close to the water’s cdge, where the water is very shallow,
till its top is pearly flush with the soil, (and the water quietly flowing over it as
before). The top of this peg may now be cousidered a femporary bench-mark, and
may bo connected with the permanent bench-mark in the ordinary way. Similar pegs
(temporary bench-marks) would be used at both ends. The actual observation wonld
then be reduced to finding the height cf the water-snxface ashove the tops of these
pegs. This is very conveniently and accurately done by inserting a very thiu brass
scale (divided to tenths and hundredths of feet) into the water, until it rests on the
top of the peg, and then reading the height of the maximum and minimum oscilla-
tions of the water-surface off the scale. Such a scale will be found to ruffle the water
very slightly if not thicker than gz-inch and held parallel to the current, the peg being
supposed to be close to the margin where the current is slack, This part of the ob-
servation must be done on a calm day, and simultancously at the two ends by the two
obgervers, The sbove process gives probably as much accuracy as is possible].

o there be any conatderable difference of velocity, thie alone may canse u sensible difflorence of
level, independent of thy real slope of the water-swrfnce.
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The actual result of this observation will be the fall of the water-surface between
the two distant points : this fall divided by the distance in question will be really
the “ average slope” throughout that distance, whereas the quantity S of the formula,
should in strictness be the surface slope at the scction of experiment itself. It is
therefore very desirable to make the distance between the two extreme points the
least possible* consistent with securing the requisite accuracy of estimating the whole
fall.

[About half a foot of fall should be enough to admit of the roquisite accuracy of
cstimating the fall: the two extreme points should then be so spaced as to ensure a
total fall of about half a foot].

1f these data (v, und 8) be obtained along with the Discharge-measurement by
the Rods for a great range of depth, the algebraic expressions for ¢, C proposed by
Bazin—given in formule (8), (2) above—could be verified or tested for each Section
of Experiment, the special values of the constants a, 8 being of course determined
anew for each Section.

It is essential to the propriety of the comparison, that the three observations (for V,
v, 8) be all tak¥n as neurly as possible together, so as to be under same conditions
of depth, and state of Canal : to be of the greatest use, they should be taken only
when the Canal is “in train,” (i. e., when neither rising or falling,) as those taken in
different ¢ states” (of rising or falling) will probably not be fairly comparable, To
be used for verifying formulm, it is also essential that they extend over a great range
of depth, (not less than half the entire range).

The writer would be glad to receive statements of the comparative data above men-
tioned, ( V, v,, 8) for the purpose of verification of the algebraic expressions for the
coefficients proposed by M. Buxin, Kutter, and others, if carefully compiled in Form
on next page, with due attention to all the precautions described above, and extend-
ing through & considerable range of depth. A cross-section should accornpany.

* In many atandard Text-books a two-mile length is taid down for this putpose: the author cot
stders that 8 good deal of the apparent discordancs of the results of the threo formmuim s due o &
%00 rigid sdoption of this great kngth, withia which there may pessibly ke several changes of slope,
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No. CCXXXVL

MORE LEAVES FROM A SUPERINTENDING ENGI-
NEER’S NOTE BOOK.
{ Vide Plate XXXIV.}

By Cov. J. G. Meprey, R.E., (late) Supdy. Engineer, 1st Circle,
Punjab.

Flood Discharge of Nallahs.—It is often said withgreat trath, that
the Engineor learns more by one failure than by a hundred successes.
And in that view, it may be useful to record for the benefit of others, the
recent failure of two bridges near Rawal Pindi, and to see what lesson
can be learned from them.

The Leh Nallah runs close to the town of Rawal Pindi, rising in the
neighbouring hills, and draining an area of about 70 square miles, In
its conrse near the town it is a deep sandy nallah, carrying a mere thread
of water generally, but liable to sudden and violent floods.

It is here spanned by three bridges, the first of which in point of date
was built 15 years ago, and carries the Murree Road over the nallah.
This consists of three spans, timber trusses on masonry piers, giving 150
lineal feet of waterway, with a depth of 20 feet from the nallah bed to the
bottom of the girders.

The second bridge built half a mile higher up some years later, had
three masonry arches of 60 feet span and 12 feet rise, with a depth of
20 feet from the spring of the arches to the nallah bed.

The third bridge built still later and still higher up, had also three
openings of 60 foet, timber trussed girders, and like the former 20 feet
sbove the nallah.
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Although the waterway of the first had never been found insufficient
for many years, the designer of the second bridge evidently thought that
it was 80, and the designer of No. 3 followed his example so far as the
lineal waterway was concerned.

On the evening of the 25th July last, a beavy fall (2-5 inches) of rain
oceurred at Rawal Pindi, followed after an interval of 6 hours by & fall of
8'5 inches in 10 hours, of which 6 inches fell in 6 hours.

The water rose in the nallah to a depth of 26 feet at the upper bridge,
and to within 18 inches of the roadway on the top of the girder, and bring-
ing down a quantity of timber with it, which was stopped by the trusses;
carried away the whole superstructare of the bridge. The flood then
passed through the arches of the second bridge at a height of 8 feet
above the arch rise, and then carried away the girders of the lower bridge
also, rising to a height of 3 feet above the roadway, and inundating the
road and surrounding country for a considerable distance. So sudden and
violent was the flood, that many people had to escape up the trees, from
which they were afterwards picked off (like apples) by means of elephants.
This occorred at7 a.a. ; four hours later the stream had fallen to its usnal
low level.

On examining tho scene of the disaster {wo days later, and taking the
necessary levels, it was at first difficult to account for the extraordinary
height of the flood marks. The fall of the bed was 6 feet per mile, and
the velocity resulting from the employment of the usual formule gave 13
feet per gocond, and a discharge equivalent to & fall of 2 inches per hour
over the whole drainage arca. This amount, over an area of 70 square
miles, was hardly creditable, and as it appeared on investigation that the
sandy bed of the nallah was very little eroded, it seemed clear that no such
velocity as that calenlated could have been obtained.

Oareful comparison of the flood levels at different points showed that
the water had been dammed back or ponded up in the nallah itself, which
was of insufficient section to carry so unusual a flood, and hence, while the
depth of the water had been abnormally increased, the velocity had been
considerably diminished. e

Making allowance for this, however, the calculated velocity as deduced
from the slope of the flood line was certajnly very much higher than
could reasonably have been expected, judging from the state of the bed,
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and the only conclusion that could be come to was, that the formula in
question are not reliable.

On the facts above noted, I make the following general remarks :—

The ordinary methods of determining the flood discharge of any stream
aro as is well known.

1. From cross scctions of the channel taken up to the line of highest
flood, the velocity being calculated by formule derived from
levels taken of the slope of the bed or of the surface of the flow-
ing water.

2. From calculations of the rain fall over the catchment basin, or
area drained by the stream.

With regard to the first method, the determination of the cross section
is an easy matter enoungh, so long as we have reliable flood marks. These,
however, arc by no means casily obtained, especially if any long time has
elapsed since the last high flood. It is most difficult to get exact and
reliable information from natives on such a point, and it is only by obtain-
ing corroborative evidence of their statements, in various indirect ways,
that any confidence can be felt in them.

It is also to be borne in mind that information so obtained, refers only
to the past, and is often an insufficient guide to the future. There is
scarcely ever a flood that sweeps away a bridge, of which you are not as-
sured that it is the highest flood that was ever known to have occurred at
that particular place.

One conclusion to be drawn from this is, that un the occurrence of any
cxtraordinarily bigh flood, permanent marks recording the height and
date of such flood at various points, should be fixed by the Engineers con-
cerned, and this ought to be a standing rule of the Department.

But, difficult as the determination of the correct flood line often is,
the caleulation of the velocity during a flood is much more so. The two
formul® commonly used, and which will be found given in the Roorkee
Treatise, are,

(1), Dubuat’s—

v v=92 A%
Where v = mean velocity,
d = hydraunlic mean depth,
s = glope of the chaunel in foet per mile.
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(2), Neville’s—

d
=90 N5

‘Where v and d aro as before—
& = slope of the channel in unity.

Now, from whatever experiments those formulm have been derived, there
can be no doubt that, in the case of most Indian water-courses, they
are quite unreliable. They may possibly be correct enough for canals or
water- courses of regular section, and running uniformly in straight reaches.
But for large streams of irregular section, liable to great fluctuations, and
to hill torrents with great declivities of bed, and subject to sudden and
violent floods, these formule give velocities which are far too high. A
little experience will show that in many cases which oceur in practice, the
above formule will give calculated velocities of 12 feet or more per second,
while actual obscrvation will show that even the surface velocity does not
exceed 6 feet, One proof of this will be found, as in the present case, in
the small erosion of a nallah with a sandy bed, after a flood which, if the
calculatod velocity were reliable, would tear it up to a depth of several feet.
Moreover, a very little observation of a stream in flood will show that the
highest observed velocity is confined to a very small portion of the breadth
of the channel, that the velocity of the rest is much less, and that a por-
tion of it is even backwator,

Another fact is also to be borne in mind of which no formulx can take
account, viz., that in the case of sudden and severe floods, the water
flowing down is headed up very much at the bends, and also against the
banks of the stream itself, and so much so, that while the depth of the
stream is greatly increased, the velocity is actually diminished.

The American formule given impage 00 of the Roorkee Treatise, Vol.
IL., will be found to give results much nearer the truth in the cases above-
mentioned, but we very niuch want some reliable formule for the peculiar
case of Indian rivers and streams, with a view of determining the aver-
age velocity of the cross section in flood, and a great service will be done
by any one who would carry out a series of accurate observations on
rivers, nallahs, or mountain torrents in food. '

On the whole, it may, I think, be laid down that in tho case of large
nallahs, subject to sudden floods, with declivitics of channel of 5 or 6
feet per mile, the average velocity of the cross section during such fivods
will not exceed § or € feet per second, even with a depth of 20 feet of
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water passing down, and that this is proved by the slight action that
will be found on the bed and sides of the channel.

The determination of the flood discharge by an assumed rainfall over
the drainage basin, of course presupposes that we have a map sufficiently
accurate to enable us to measure the area of the basin. This being done,
it is believed, that the Dickens’ formula quoted at page 101 of the Roorkee
Treatise, Vol. I, may generally be accepted as a safe guide certainly in
Upper India.

D = 825 Al

D being the discharge in cubic fcet per second, and A the area of the
drainage basin in squarce miles.

It proceeds on the assumption that the greatest rainfall over a given
area varies inversely with the extent of such area, so that while a very
small drainage basin may be cxpected to discharge a flood like 2 inches
in an hour, a large basin would not discharge more than } of an inch in
the same time; or to speak more correctly, that very heavy rain storms are
confined to very small arcas, -

In estimating the proportion of flood discharge to rainfall, it is often
laid down that a certain, perhaps a considerable, proportion will be absorb-
ed by the ground, such proportion depending on the nature of the soil.
Though this may be theoretically true, it will not do for the Engineer to
make any sllowance for it, for the heaviest storms usually oceur, in India
at least, when the ground is already thoroughly saturated, as in the present
case, 80 that provision should always be made for the full quantity known
or assumed to fall over the whole basin in-a given time.

In estimating the velocity with which such floods are passed down the
drainage channel, we have of course the same difficulty to contend with
as has been described already, and unless we find considerable erosion of
the bed, it will not be safe to assume a greater average velocity than b
or 6 feet per second.

Making this assumption, and estimating the grestest rain flood st 2 inches
per hour over very small areas (say up to 5 square miles), 1 inch up to 15
square miles, 4 an inch up to 50 square miles, and 4 an inch np to 200
square miles, the Engineer in Northern India will probably be safe in de-
signing the waterway for his bridges. Or he may, if be prefers, work
according to Dickens’ formula.

In designing timber trussed bridges, the botbom of the girder should
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be fixed at least 4 feet above the calculated highest flood line. If the
road ig in embankment on one or both approaches, as will probably be the
case, long gaps may be left as an additional securily against extraordi-
nary floods, through which a considerable amount of flood water could find
vent.

Design of Buildings in Upper India.—While latelyinspecting some
officers’ quarters on the Frontier, my attention was drawn to the fact that
though these buildings were erected many years ago, and were no donbt
very dark and badly ventilated, with low walls, small doors, and small
low verandsh arches, they were yet admitted to be very much cooler than
two new blocks lately constructed, with Jofty rooms, high wide doors,
and verandah arches ; indeed the upper stories of the latter were said to
be almost uninhabitable in the hot weather. The same remark appears
to be everywhere made in regard to the old (or Napier) barracks, with
double verandahs, and the new double-storied barracks.

From these, and other instances, it seems to me established, that, for a
climate like that of Upper India, with its great extremes of heat and cold—

1st. Lofty rooms are a mistake, becanse they contain too large a body
of air, which when heated is with difficulty cooled, and when cold is with
difficulty heated.

2nd, Large and numerous doors and windows are a mistake, for they
admit cold, heat, glare and dust, to a degree quite disproportionate to
their utility for ventilation, which should be separately provided for.

8rd, Broad, high verandahs, with small low arches, are the best pro-
tection to the outer walls and doors; even when fitted with louvres, (as
has been lately done in the new upper-storied barracks,) the wide, high
verandahs are an insufficient protection, [The chief fault in these buildings,
however, appears to be in the excessive area of doors and glazed windows
or fanlights].

4th. Double verandahs are essential if we want to obtain a cool room.

Boat Bridges.—An extraordinary flood in the Cabul river, on the
31st August last, carried a:vay the Boat Bridges at Nowshera and
Deoudzaie, with some loss of superstructure; and a few notes on the
best mode of securing Boat Bridges may be useful.

In ordinary cases, the boats should each be anchored by the head and
stern. In the Punjab Rivers, the anchors are simply stout nets filled
with large stones, which of course can. never be raised, The cables are
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of minj (a kind of coarse grass), which makes a vory strong rope and
lasts a whole season. Where this is not procurable, putta is used, a sort
of reed, which does not, however, last so long as the minj.

In addition to the head and stern anchorages, a strong chain or thick
cable should connect the heads of all the boats together, and be securely
fastened to each bank. And a similar rope (hut which need not be of
the same strength) should connect the sterns of the boats, and be simi-
larly secured at each end. Each boat should be fastened to these head
and stern ropes by a simple lashing, which can easily be cut loose, so
that any boat can be slipped out of the bridge, if necessary, without
trouble. The shore ends of the head and stern ropes can be secured,
either to heavy stono trongahs, or to stout beams sunk 5 or 6 feet into
the ground, or to masonry pillars built on purpose, or to ring-bolts fixed
into rocks, (if there arc any.) It will be understood that the down-
stream sattachments are chiefly of importance in case of a strong wind
blowing up-stream, which often oceurs.

The above mode of sccuring the bridge will be sufficient in ordinary
rivers; where the velocity of the current is very great, and especially, if
the bridge is a long one, intermediate attachments to the shore should be
provided for the four or five boats in the strongest part of the stream, by
separate cables securely fastened to the shore at points some distance above
and below the main attachments, (lifted out of the water if necessary by an
intermediate boat or buoy,) and carried across the intermediate boats. In
the Attock Bridge over the Indus, there are several intermediate fasten-
ings of this description secured to masonry pillars, built on rocks in the
middle of the river. The number of such attachments must of course
depend on the length of the bridge, the forco of the current, and the facility
with which they can be provided.

- It is obvious that the boats spanning the strongest part of the stream
will require stronger chains and attachments to those in slacker water
and the best boats should of course be reserved for this portion of the
bridge. * )

In a very strong river, especially if liable to sudden ﬂoods,t it will be
advisable to dispense with the head and stern anchorsges for each boat,
it the number of intermediate attachments is snfficient ; as of course, if
from carelessness, the former are not slacked off in time, the boats will
be submerged.
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In a bridge of moderate length, thus fastened, without any anchore, by
the chain cable running across the bows of the boats and secured to each
shore, the curve or versine of the chain should be {th of the span. This
is done in the new bridge over the Ravi at Lahore, the chain being one
inch diameter, and secured to a stout beam sunk in the ground behind
a golid block of concrete. Small iron clips are provided in the bows in
which the chain rests, and from which it can be easily detached when
required. Bimilar clips are provided at the stern for the cross chain on
the down-stream side. As an additional protection, every third buat is
gnchored on the down-stream side.

The standard Boats and Superstructure for the Punjab Rivers, as
designed by Colonel A. Taylor, C.B., and approved by Government, will
be found deseribed in the Roorkee Treatise, Vol. II., page 114.

The boats are the same at the head and stern, and when in proper
trim, the fore and aft keels are some inches clear of the water, which
thus passes smoothly under the boat. But unless care is taken to keep
the longitudinal iron ties properly screwed up from time to time, the
bows and sterns are very apt to droop.

The trussed beams are of 30 feet clear span in the bays, and have
been designed—

1st. Bo that the wood and iron should as nearly as possible, be

subjoct to the same strain,

2nd. Bo that the wood may float the iron, in case of the beam

falling into the water. As the trussed beams rest on the
gunwales of the boats, and not on saddles over the keels,
(which would much increase the length of the beam,) stiffen-
ing beams are necessary to distribute the weight properly.
These pass over the hoat outside the outer trussed beams
and are firmly lashed to them by mesns of a stiffening plank
passing below and across the platform.

In case of & great storm or flood threatening to break the bridge,
the superstructure should be dismantled, and placed in the boats, as
rapidly as possible, not carried to the shore, which would occupy longer
time. If logs of timber are carried down, threstening to damage.the
bridge, as many boats ae may be necessary can then be cast loose, and
allowed to drift down the river.

‘The boatmen should occasionally be exercised both by day and mght.
VOL. VI,~~BECOND BERIES, 2
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In dismantling the superstructure and placing it in the boats.

In slacking off the head and stern cables of each boat.

In casting them off after attaching buoys.

In cutting loose the boats from the head and stern vopes, and let-
ting them float down-stream.

Sandy Roads.—1I have lately gone over the road across the sandy
Thual between Dera Ismunil Khin and Jhung, which for 65 miles
runs over heavy sand, the surrounding country being a dreary waste
of sand hills thinly covered with jungle.  Over this road the traveller
is carried by the mail cart at a rute of 8 miles an hour (inclading
stoppages). The greater portion of this road is laid with long grass,
brought from the Aaehi or valley of the Indus or Jhelum, for a distance
in some cases of 20 miles The grass was laid down 24 years ago, and
only now requires renewal, but the wheeled traffic over il is almost
entirely confined to the nuwail carts. The width first laid was 12 feet,
the grass now being laid is ouly 8 feet: pegs ave placed 15 feet apary
in the length of the voad, aud the space between two pegs requires
five maunds of grass, or o camel load; the grassis covered with 6 inches
of clay if procurable, if not, with sand. The average cost is stuted to
be Rs. 200 per mile. Over the sandy bed of the Cheunab, on the ap-
proaches to the boat bridge, the grass is first made up into [ascines of
6 inch diameter. This isx of course au additional expense, and I doubt

B ro

whether it is an iraprovement.

About 17 of the inlermediate miles are laid with brick metalling 9 feet
wide, 10 inches thick at the centre, and 6 inches at the sides, the cost of
which is computed at Rs. 1,500 per mile.

River defensive works.—Having lately had an opportunity of seeing
the works executed during the past year at Dera Ismail Khin, to protect
the station from being carried away by the river Indus, I think a brief
account of these may be interesting. The trne bed of the river—the kachs,
a8 it is termed, is-here about 12 miles broad, the whole width being urder
water in the rainy season. In the cold weather, at present, and for some
years past, the river runs in three channels ; the central ene carrying the
main gtream, and the right channel running close to the west high bank, on
which, the Cantonment of Dera Ismail Khan is built, The action of the
stream sgainst this west bank has been more or less severs for many
years past, the old native town was carried away some 85 years sgo, and
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the new town which was built four miles inland, being now threatened with
the same fate. Fifteen years ago tho Cantonment was threatened in like
wmanner, but its fate was averted by the works then constructed by Mr,
Garbett, C.I., and it is only within the last two or three years that the
danger has again become imminent, the force aud velocity of the stream
in the west channel having cut away the bank very rapidly. The works
constructed last cold weather consisted—

1st. Of a bLarrier across the exit of the west channe] from the main

river some four miles above the station.

2nd. Of a series of short spurs to defend the bank immediately at-

tacked,

The barrier was nearly half a mile long, and was begun from both ends
at once, to prevent the further end being tnrned by the stream heing forced
against it.  The work consisted of a line of whole trees lashed together,
weighted with stones in nets, and sunk to the bottom of the river, ahove
which other trees were piled, until the surface of the water was reached.
As the two ends of the barrier approached each other, the scour caused
by the carrent rushing through the interval was <o great, that the water
was found to be 40 feet deep, and the barrier wus never entirely closed.
It was, however, maintained until June, when it wastopped by the rising
flood, but when the river kad fallen aguin, it was found to have done good
service, The flow of water down the western channel had been so Jesa-
ened, that whereas there had beeu a depth of 30 feet opposife the station
in October 1875, there were anly 5 o 8 feet in October 1876,

The spurs were constructed in the same manner as the harrier, pilesx~
being added in rear of the mass of trees, when the rush of water threat-
ened to carry away the whole bodily. Their effect has certainly been very
great; an immense quantity of silt baving accumulated, both in front
and rear of them, so that at one place a considerable foreshore had been
reclaimed, which is now being planted with willow, tamarisk, and other
guiek growing trees.

As an adjunct to the spurs, a considerable number of ¢ Brownlow
Weeds” had also been nsed, the weed consisting—

1st, Of a cask (or a couple of casks lashed together) floating on the

surface, and anchored by along cable to a trongah, or net of
" stones.
2»d.  Of branches of trees tied at intervals on the length of the cable ;
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these of course float with the current, and like natural weeds, check the
velocity of the stream, and cause a considerable deposit of silt. When
used in sufficient numbers, they appear to answer well, and to create a
congiderable shoal.

Whether the above works will prove permanently effective, is of course
vary questionable; they have at any rate warded off the immediate
danger.

Such solid tree spurs as I have described appear to answer well, the
objection to them is the necessary destruction of trees in a very trecless
country. Floating tree spurs, consisting of a line of trees tied to a cable
securely anchored, also answer well, especially as breakwaters to protect
a bauk or solid spur behind.

Fasgcines may also be used for solid spurs, and can often be procured
when trees are not available; they may be laid in layers (weighted with
stones if necessary) slternately hoaders and streichers, the spur having &
good broad base.

The trouble with all spurs is to protect their ends or noses, where the
aclion of the stream is very strong. A mass of floating trees with the
butts well secured to the spur, or even a mass of long fascines laid end-
ways in the water, (like a bunch of radishes,) will greatly break the force
of the current.

As some readers may be interested in the fate of the Sand Spurs des-
cribed in my previous ¢ Notes ” some time ago, I may mention that they
have now stood through threc rainy seasons, and have entirely answered

their purpose. I only recommend them, however, for intermittent streams,
as they cannot, from the nature of the material, resist the continual action
of water.

Coloured Flooring Tiles.—Annexed is a copy of a report by Cap-
tain Lovett, Executive Engineer, Hazira, on experiments made in the
manufactare of coloured flooring tiles at Abbottabad.

‘We have now succeeded in making and burning excellent tiles of red,
black and buff or cream colourin several shapes, and uniform in colour, size
and thickness, and I have now laid down in my own verandah a strip of
tessclated flooring 120 feet square after the pattern sunexed, ( Plate
XXX1V.,) which looks very well, and is much admired. The tiles were
all brought from Abbottabad, and the flooring (composed of 795 separate
pieces three-fourth inch thick) was very well and evenly laid by ordinary



PLATE XXXIV.

SPECIMEN OF TESSELATED FLOORING
In Verandah of Colonel Medley's howse at Rawalpinds.
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mistris, at a total cest of Rs. 35 per 100 square feet. This rate in future
cages we shall be able to reduce to Rs. 30, as the cost of carriage from
Abbottabad (64 miles) for so small a number was disproportionately high,
and the cost of laying as a first experiment was also extravagant.

The cost per 100 square feet will in future be—

RBS. A. P,

Cost of tiles, e e W *7 8 0
Carriage (64 miles), 3 00
Cost of laying, ... s e 8 80
Contingencies, ... 1 00
Total, 30 0 0

The red and bufft tiles were made of different clays, and the difficulties
of unequal shrinkage were got over by mixing & small quantity of pounded
pottery or broken glass with the clays before burning.  The uniformity of
colour was obtained by burning in a muffled kiln (shown in Captain Lovett’s
report), 5o a8 to prevent the smoke and flame coming in contact with the
tiles. The black tiles were burnt in closed vessels with meng or goats’
dung in them. Several shades of red were obtained by mixing small
quantities of red sandstone with tho clay.

The cost of carriage, will, of course prevent the use of these tiles at any
station far distant from Abbottabad, but doubtless cJays of these kinds
exist at many other stations besides Abbottabad, and perhaps if this
account of our success here were made known, it would draw attention to
the subject, and these very uselnl and ornamentat floorings, which ave so
admirably adapted to this country, might be more generally employed.

If these tiles could be made at any place on the line of railway, such
a8 Allahabad for instance, they ought to commund a large sale for the
floors of public rooms, churches, halls, and even, instead of carpets in
the hot weather, for private houses.

I hope to obtain several orders for similar floors.

Report by CAPTAIN B. LoverT, R.E, C8.I, Ezec. Engincer, Haszira Division,
on Ezperiments in Munufacture of Flooring Tiles at Abdoltabad,

I have delayed till now making any report on the manufacture of fooring tiles,

® This would nlso be reduced if large numbers woro made.
t The buft tiles are made from a white clay like Fuller's earth.
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becanse nntil eertain experiments had been made and certain ggpevience gained, there
was hardly anything to write abont.

In Jane 1875, T brought to your notice some specimena of hexngonnl tiles that
following Major Waterfield’s example, T bad moulded and burut at the village of
Shekh Banda, abont one-aml-a<half miles from Abbottabad,

These tiles were moulded in this manner,  First the elay, hand-tempered, was spread
out flat by the &rmdron & plank by a kanddre, o flat dise with a handle.  This little
instrumn;lt. is wade of wood of the patrern shown iu the annexed fignre (¢).  When
the proper thickness has been attained, varying from one-thied to half or five-cighth,
of an inch, an iron stamper or die (4), is used to cut cut patlerns, square, hexagonal®

e
b ta)
} L

or Tozenge shaped.  These stampers should have a slight bevel, so that the upper side
of the flattened out clay, which ix the wnderside of the tile, may fit close, and an
interstice for the coment, in whicl the tiley are to he Inid, wmay be left, i

The tiles thus made were barnt in a small clanp abont 10° % &, and tarned out
pretty fair. The black tiles wore eoloured by burning them in a closed vexsel of
carthenware, in which gonts” droppingy {mengy were placed,

1 had some flooring carefully execatad with the above tiles under personal snperin-
tendenre, which has answered sntisfuctorily.

You approved of the specimens T submitted for yonr inspection, and desired further
experiments to he made, directing my attention particnlarly to the information given
ou coloured flooring tiles in the Roorkee Treatise,

Before I had time to proseente further enquiries the rains commenced, and in July
my transfer temporarily to the Kohat Division took place, so that I was not able to
commence any experiments until I was re-posted to this Division,

T then had a kiln bnilt close to the bazér, and 16 the residence of my Drafteman,
Gholiws Haidar, who has throughout chiefly conducted the experiments. By this'
means I was able at all times to sec what progress wes going on whenevm' 1 hap-
pened to be in Abbottabad,
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My kiln (plan and scetion given in marginy is very simple, and cost only Rs, 10,

Plan. ' Section., : It is provided with four chim-
neyd ot thecorners for the es-
eape of the smoke, and under
the tower dome, on which the
artieles (o be fired are placed,
is the furnace. This lower
dome has a civcular aperture
1% inches or 24 inches diames
ter at top, and through this
the flane flares up, but does
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not actually comein contact with the ware.

In firing poods, we find six hours with a gradually inercusing fire suoffice tho-
roughly to dry and prepure the things for iercer heat lasting & or 10 hours, and the
avernge quantity of fuel used has been 14 mannds,

My instractions were to abtain, if possible, tiles of three colonrs—bhlack, red and
Luff or grey. I therefore direeted experiments shonld bhe made with various mix-
tares, and have had tolerable anecess, Tl curths used Bave all heen procured within
short distances of this place.  Thorefore, shoult the manufacture of these tiles be
developed, and not only tiles, but terea-cotta ware generally, it will tend much to
economy, having ol the neecessary earths close at haud,

Unfortnnately the rains during, and siee the spring, have been so persistent, that
our operations have been interrnpted with the mosr vexativus freguency, otherwise I
should have reported on onr progress long befare now.,

I snbmitted specimens of bexagonnl tiles &} inches diameter last May for your ap-
proval, These were composed of ¢lay 6 parts and 1 parl powdered puttery,

You directed square tiles § inclies square should be made to lessen expeuse in laying
as flooring.

Our efforts have accordingly been directed to the manufacture ; I reuret that, as
regards bluck tiles of that ~ize, our operations have been failmes.  On both opca=
sions when we fived these tiles, the black tiles busnt iu closed aud heuted vessels have
turned out black cortainly, bnt all broken. '

Our last turn out (Aagust 29th) contained a few experimental square black tiles
6 inches side ; these have turned ont snecessfully, and did not break in the barning,

I therefore think the sise 7 x 87 is ton large,  Probubly uncgual contraction and
expansion has something to do with i, though why tiles bedded in goats’ dung and
burnt in a closed vessel should be more subject to breahuge than others burnt in the
open kiln, I am not able at present to state,

"Fhe composition of the large tiles was as follows :—

Red, 12 clay 4 powdercd pottory.
Daun, 16 clay 1 powdered glass,
Black, 12 clay 4 forge ashes (these broke).

Of the 8" x 8" tiles lately burnt (28th August), the composition was as below 1
Red, 12 clny, b sand, 2 powdered pottery. !
Dun,

Blnck, (also broke).
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The dun-colonred tiles were also burnt in a closed vessel, but, instead of goats’ drop-
pings, bones were used,

Whilst using the kiln, we have had various specimens of pottery burnt, glazed and
anglazed, as 1 .deemed it of jnifortance to obtain some practical knowledge of the
various clays aud flaxes here obtainable, with & view to utilization in the carrying
out of usual routine work. 1 have no doubt that in this district there is a vast reserve
of materials that hus never vet been properly used.  There are various kinds of clays,
slates, gravites and limestones, besides various metullie ores. ¥rom the clays no
doubt excellent terra~cotta can he made, and flooring tiles of several colours.

Encuaustic tiles, which can be so suitably used for interiors, can be made well and
cheaply coloured with native earthis, aud the ouly thing required is more knowledge
on the subject, and where to find the ingredicnts than I possess at present. 1 am con-
fident the manufacture only wants enconragement to succeed, I attempted to press
gsome tiles, but have not vet perfected the apparatus.  We pressed the tiles when oo
soft ; I dunbt not, however, that well pressed tiles when burnt will be denser, more
hard, compact, and lasting than unpressed ones,

I forward specimens of the tiles lately turned out. Theshrinkage, it will he seen,
is not uniform ; the least being for the mixture of clay and powdered glass, and the
highest for tiles burnt in a closed vessel,

From this it appears each kind of tile must have separate dies.

The deasest appears from its weight to be a tile of 12 clay, 5 sand, and 2 powdered
pottery.

Finaneially the state of the experiments is thus—we have speut Rs, 167-11.8, the
ontturn hus been 1 kiln, 2,390 snall tiles, 180 B-iuch tiles, 200 ¢-inch tiles, 700 Jhe-
Tam tiles, 700 coping tilus, 300 glazed pottery, $00 unglazed.

This expenditure van be also shown thus—

RS,
Kiln-rent of shed and stock (planks), .. .. . . 20
Fuel and material, .. . .o . . .. .. no
Pay of coolies, potkers, and supervision, .. o o oo 100

With the gmall balance in hand, I am not prepared to recommend further experi-
ments unless a suppiementary grant be accorded.  This, I hope, will be the case, as X
think the stage we have arrived at is just the turuing point in the snccess or failure
of the manufacture,

Gholam Haidar, Draftsman, who has displayed indefatigahle indastry and intelli-
gence in condncting the operations of mixture, tempering, moulding, drying and
fiving at very considerable inconvenience from the nnpropitionsness of the climate,
thinks the sale of varinus articles, such as flooring tiles for private individuals and
other pottery that we have on hand now, will fetch Rs. 60. This would give me
Rs. 90 to go on with. I think perhaps Rs. 60 altogether the safer figure,

1 should recommend then that the manufacture of the 8-inch square tiles be dtscnnﬁ-
nned at prescnt. They are difficalt to stamp true, dry wnh less bomogenity than
those of lesa size, and we fail in burning black ones,

1 snggest that 6-inch square or hexagonsal ones whose side is the rading of a circle
circameeribing the above square and its subsidiary forms be adopted, Also that asso
much time is wasted, and maney lost by inclemency of the weather, a-proper drying-
shed be, constructed, as removal into sanshine and nnder shelter whu.h the ulel have
beeu submitted to is very injurious to their shape,



MORE LEAVEX FROM A SUPERINTENDING ENGINEER’S NOTE Book. 315

'The drying-shed will cost Rs. 100. Probably Rs. 50 will suffice for our present
purposes, as regards the pay of coolies, potters, fuel, &e., until we secure an organized
sale for the tiles to the works in this and other Divisions, and to private parties.

I therefore solicit a supplementary grant of Rs. 150, for contivuing experiments on
different coloured flooring tiles, glazed and unglazed.

A box containing specimens of our flooring tiles has been forwarded to Doctor
Murray Thomson at Roorkee.

A further report was submitted in November last, which, however,
containg nothing of special interest.  The tiles last made are six inches
square and three-fourths inch thick, those first made being half inch only.
Some excellent glazed tiles were also sent—Dblue, white and green.  Also
some surdhis made of a yellow clay which promise well,

JoGo M,

VUL, V1.-~SKCOND BERIES. 27
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No. CCXXXVIL

USEFUL AUSTRALASIAN TIMBERS.

By H. G. McKinNey, Bsq., dssist. Engincer, Northern Division,
Ganges Canatl,

Adona subjects of interest to the Indian Enginecr, therc are few re-
garding which so much misapprebension exists as the Australasian
timbers. This remark is expecially applicable to the eucalypti.  In the
report of a sclect Committee on Victorian woods, so receutly as 1870, it is
stated that, < althongli a good deal of affected knowledge ig displayed
as to these woods, it is difficult to distinguish them from one another with
any degree of certainty, o that ahnost all the sawn colonial band wood ia
called ¢ blue gum,’
imported article which no longer finds its way here, and is indeed scarcely
tu be procured in itx original habitat.,”  (The imported tree here referred
to is the Tasmauian blue gum or encalyptus globulus), Under these
circumstaunces, it oecurred to me lately when gpending some months in the
Australasisn colunies, that it would be a useful pastime to collect infor-
mation, both by personal ubservation, aud from the best official and other
records, regarding the woods commonly used there in construction, and
also regarding those exported or likely to be exported to India and other
countries.

In Victoria four-fifths of the trecs belong 1o the genus eucalyptus, of
which on the authority of Hooker, there are said to be no less than fifty five
varieties in that colony and New South Wales.  In both colonies the most
jmportant of these is the red gum. 1t grows to a height of from 80
to 120 fe«;t, with & diameter of from 3 to 5 feet, and furnighes a hard, red-
dish-coloured wood, of specific gravity 112, It is remarkably durable in
damp ground and in water, whether salt or fresh, and it shrinks less longi-
tudinally than almost any other of the evcalypti, On the other hand it

1

in virtwe of the exeeptionally good qualities of an
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has a short and somewhat wavy grain, which renders it unsafe for beums
or for other purposes where horizoutal bearing timbers are requived. It«
great durability in water and in damp ground, and the resistance it affords
to the attacks of the teredo, render red gum most valuable for piles for
engincering works. It is also bighly prized for sleepers and for the plank-
ing of bridges, wharves, &c.  The available supply of red gum is euor-
mious, as forests of it extend for bundreds of miles along the banks of
the four great rivers of New South Wales,and of the auxiliary branches and
eroeks connceted with those rivers. The red gum ou the Lachlan and
Darling is, it shoull be remarked, stunted, and of inferior guality to that
on the other rivers, Expensive snagging operations have to be carried
on in the Murray and Murrumbidjee, chicly on aceonnt of the great
numbers of red gwm trees which are nprooted and carried into them during
heavy floods. A serious drawback in regard to the supply of red guom for
piles is, that there is some difficulty in procuring it in long lengths and
of moderately small diameter. It has been found that in the Victorian
harbours, red gum resists the attacks of the teredo for many years, and
that it is a matter of doubt whether for piles in sca water it is not equal
in darability to jarrah,

The irondark was forwerly found in abundance on the hilly and undu-
lating districts of Victoria and Now South Wales, but the available supply
of it is rapidly diminishing. It attains its greatest size in the castern
parts of New Sovth Wales, where it is sometimes found 150 feet in height,
It furnishes a hard reddish ccloured timber, of specific gravity 1-14, which
bears a close resemblance to jarrah and red gum, is extremely durable, and
is one of the stongest timbers in the world.

Stringy barkis a tree which supplies much of the second class timber in
the Australian market, and much of that too which is sold as blue gum,
Tho stringy bark of Tasmania seems to be much superior to that of New
South Wales and Victoria. In the latter colonies its tendency to twist or
warp, and its liability to destruction from dry rot, have procured for it the
reputation of unfitness for use in construction. The readiness with which
it splits has, however, induced its nse on a large scale for posts ‘and rails
for fences. The stringy bark of Tasmania has been used to some extent
in ship building, and piles of this timber in the wharves at Hobart Town
have endured for many yoars, and are still in an excellent state of preser-
vation. Tt seems not improbable that if properly seasoned, there would be
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little reason to complain of its warping. Stringy bark timber cau be had in
very large pieces, it is hard, straight-grained and durable, and its specific
gravity is slightly less than unity., Although it is very difficult to distin-
guish this timber from blue gum, the difference between the trees is at once
apparent. The bark of the former is rough and fibrous, resembling to a
considerable degree the husk of a cocoanut, and its leaves are always simi-
lar to those of the mature blue gum but smaller in size.

Peppermint is another of the cucalypti which is found abundantly in
both Australia and Tasmanin. It is sometimes confounded with stringy
bark, though there are decided diffcrences, the leaves of the former being
much smaller than those of the latter, and its bark being much more
like that of blue gum. The peppermint grows in different localities to
heights varying from 80 to 200 fect. The timber obiained from it is
similar in character, but inferior to stringy bark.

At lcast seven different varieties of eucalyptus are known as boz, being
loeally distinguished as “ yellow ” box, « swamp ™ box, &e. The different
varieties of box are generally found on plains at a distance {rom the rivers,
ocenpying along the courses of the minor crecks, the place which red gum
takes on the rivers and larger creeks, and they grow to heights gencrally
varying from 40 to 60 feet. The woods of the different kinds of box
vary much in appearance, but their properties are in many respects similar.
The specific gravity is scarcely ever less than unity, and the timber is hard
and tough, but is obtainable only in short pieces. Though most snitable
for such uses as naves of wheels, it is extensively nused for general pur-
poses in localities where other timbers are not readily available. Box
trees of nearly every variety have the great drawback of being more or
less hollow, when they come to maturity.

The trees which have been mentioned, include the best known and most
valued of the eucalypti in Victoria and New South Wales. Desides these,
there are somie varieties which will yet attract much attention. In an
official gublication of the former colony, it is stated that a spccimen of
the encalyptus amygdalina was found in one of the mountain ranges in a
north.easterly direction from Melbourne, which proved to be 480 feet in
height, and that another epecimen measured 81 fect in cireamference.

Of the other trees indigenous to Eastern and Bouth-Eastern Australia,
probably the most important are the red cedar and the eypress pine.
The formner is found chiefly in the north-eastern districts of New South
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Wales and in QQueensland. It grows to a height of 150 feet, and a diame-
ter of 10 feet, and the wood in colonr resembles mahogany, but its specific
gravity is only 0'45. Owing to the cnormous quantities of this timber
which are exported from New South Wales, the supply israpidl y decreasing.
1t was estimated in 1871, that the export to Melbourne alone amounted to
1,00,000 superficial feet per week, Red cedar combines great lightness with
dnrability and a fair amount of strength, and it is very easily worked.

The eypress pine seldom grows to a height of more than from 50 to 70
feet, and a diameter of 1} feet, and the timber obtained from it has only
about half the valne of red cedar. 1t is found in great abundance on
sandy ridgey, and on low hills.  As the cypress pine is perfectly straight,
and is easily worked, it is nsed very extensively, and the export of it is
equal to that of red cedar.

The most important trees of Western Anstralia ave the jarrah, the
tewart or tuart, and the kari, all varicties of cucalyptus. Jarrah is
found in great abundance on the so-called ironstone ranges. It is a hard,
close-grained, dark-red wood, bearing considerable resemblance to red gum.
It Las obtained a very high reputation for strength and durability, and for
resistance to the attacks of the white-ant and the teredo navalis.  For
these reasons it constitules oune of the most important of the exports of
Western Australia, and considerable quantities of it have been sent to
India for sleepers.  The reputation of jarrah timber was seriously injured
some years ago, on account of the export of large quantities of an inferior
variety found in the plaing; India being intended as one of the sufferers
from the transaction. It was then clearly ascertained that jarrah timber
of the hest quality is found only on the mountain ranges.

The tuart aud the kari are not so well known as the jarrah, although
they both possess some exceptionally valuable properties. The former
fornishes a yellowish coloured wood, which besides being one of the
sirongest ever experimented on, is remarkably durable when exposed to
all changes of weather. Thekari tree grows to a height of 400 feet, and
furnishes a reddish coloured wood of great sirength, but which like fuart,
possesses defects, which make its value disproportionate to its strength. /-

Only the two principal New Zealand trees may be briefly noticed. These
are the kauri and the totara. The former is rostricted to the northern
part of the North Island. It attains a height of 160 feet ayd a diameter
of 12 fect, and it iy straight and symmetrical. It is extensively exported



320 USEFUL AUSTRALAGIAN TIMBELS.

to Kngland and elsewhere for masts, spars, &c¢., the quantity exported
being 74 times greater than that of all the other timbers put together.

I'he totara is found thronghout the colony. It grows to a height of from
50 to 70 feet, and attains a diameter of from 4 to 6 feet. 1t is vory va-
luable for piles of wharves, as it resists the teredo for a long period, and
for general purposes it is more durable than kauri, notwithstanding the
deservedly high reputation which the latter possesses,

‘The only Tasmanian trce which 1 propose to describe is the blue gum
or eucalyptus globulus. This is a tree which has attracted an extraordi-
nary amount of attention, and to which have been aseribed almost all the
virlues of all the cucalypti, as well as some properties to which none of
them has a claim,  We have scen that a Committee of Victorians call it
sn imported tree, and I have looked in vain for its name in catalogues of
the valuable trees of the other Australian colonies, Hence it is guile
nn error to term it ¢ the Aunstralion blue gum.”  'Tasmania, the native
land of the cucalyptus globulus, possesses a very temperale climate, and
though it has some extensive plains, is essentially a hilly country. Not
only is the blue gum generally found on the mountains aud hLilly ground
but it has been ascertained that the trees grown in valleys or ravines
furnish timber of inferior quality to that from the mountains. Yet the
cuealyptus globulous is popularly described as a tree which is remarkably
suited for planting in marshy plains in tropical and semi-tropical climates.
The explanation of this extraordinary fallacy is no doubt to he found in the
statement made by the Victorian Conmitiee, that the name ¢ blue gum”
hag been applied to nearly every variety of cncalyptus which supplied tim-
ber to the Australian market. Again the medicinal properties of the blue
gum are much overrated, althongh it is beyond question that it and several
others of the encalypti do possess such properties. The aborigines of New
South Wales made known these propesties to the colonists long ago, but
the troe which chiefly supplied them with medicines was the red gum.

It is not improbable that some of the Australasian trees which have
been acclimatized in varions countries as bluo gum, are those known in
Victoria and Tasman#h as swamp gum. As much controversy has taken
place on this subject, and as the Tasmanian blue gum is one of the most
ensily recognized of the eucalypti, a description of it will not be out of
place, Themame of this treo is probably derived from the whitish blue
colour of both the leaves and bark in the early stages of its growth, At
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this period the loaves aro sessile and opposite, and are from 3 to 6 inches
in length, and from 2 to 84 inches in breadth. They are ronnd at the
extremity, and have distinet upper and nnder surfaces. The duration of
this series of loaves is uncertain, but is generally from two to six yoars.
The second series of leaves begin to appear at the top of the tree and at the
extremities of the branches, and the process of changing goes on some-
times for several years till all the leaves of the first series have been dis-
placed. 'Lhe second series of leaves is entirely different to the first, being
petiolate, altetnative, and pendulous. They are gencrally from 4 to 8
inches in length, and from 1 to 14 inches iu breadth, are tapering, curved
downwards towards the point or apex, and, like the leaves of other eu-
calypti, hang vertically. Lo an ordinary observer the two sides of one of
these leaves are precisely similar. When a tree is felled, or when any of
the large branches are ent off, the shoots which spring from the stump
have sessile leaves similar to those of young plants. The appearance of
blue gum trees of from three to nine years of age, or of old trees which
have boen dressed, is therefore most peculiar, the whitish-blue, ronnded,
sessile leaves being a remarkable contrast to the durk green, pointed, pen-
dulons ones, 1 had an opportunity of noticing numerons instances of
the former near Hobart Town in Tusmania, and of the latter at Ballarat,
where imported blue gums have been planted aloug the sides of the streets,
After the disappearanee of the sessile leaves, the blue gnm seems to be
continually shedding the outer layers of its bark, This generally gives
the tree an untidy appearance, as the bark comes off] either in short enrled
pieces or in long shreds, which frequently Lang loosely to the treo. When
a strip of the outer layer of bark is peeled off, the surface exposed
is of a bright buff colour, which, however, soon changes to grey. The
timber of the blue gum is of a yellowish grey colour, of a close, straight
grain, and has o specific gravity of 1-05.  As the tree grows to an erior-
mous height, the timber can be bad in very large pieces. It has a first
class reputation, notwithstanding the fact, that it has generally been cut
at a bad time of the year, and used without heing properly seasoned. It
has the disadvaniage of being readily attacked by the teredo.

As stated in the foregoing, the ewcalyptus globnlus is not snited to
low or marshy land but to hilly gronnd. Red gnm on the conjrary
flonrishes most in rich alluvial soils and in close proximity 1o water. The
best blue gum is found in the very temperate climate of Tasmania, while. .
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the best red gum is on the banks of the Murray, in a climate subject to hot
winds, and differing only in a moderate degree to that of Northern India.
It is therefore natural to infer that while blue gum is not well suited for
planting along the banks of cauals in Upper India, red gum would be an
excellent tree for this purpose. Moreover, forsleepers red gum is scarcely
to be surpassed. Its value for this purpose is well understood and appreci-
ated in Australia, and a large quantity from the banks of the Murray was
sent to India sometime ago. It may be here remarked that the red gum
timber on the Murray has the reputation of being more free from gum
veins than that on the Murrumbidjee and in most other localities.
Another tree which would probably be well worth acclimatizing in
Upper India is the cypress pive. On the vast plains of New South
Wales, sandy ridges arc frequently met with, on which ouly a very seanty
erop of grass is seen in the best seasons, yet Liere the cypress pine not only
grows, but flourishes and spreads. It cannot bo considered a first class
wood, but it is perfectly straight, is easily worked, and is not readily
attacked by white ants.  1f successfully introduced, I believe it would be
found more generally uscful than any of the common trecs of the plains.
For several reasons Australasian timbers bave not acquired such a high
reputation as they deserve. In the first place, colonial timbers are almost
invariably sold, and in the colonies used unseasoned. In the second place
it frequently happens that trees of the same kind grown in different places
differ widely in their qualities, and that those grown on the plains and more
accessible places, furnish a much inferior timber to those grown on hills,
This, as already mentioned, is exemplified in the case of jarrah, Again
the similarity existing among large groups of colonial woods, affords dis-
honest persons opportunities for selling inferior timbers instead of others
of a superior description, which they resemble. In connection with the
facilities for deception, the select committee already referred to, remarked
that, * there seems 1o be but little doubt that many of the varieties of
tﬁe encalyf)(;us prodace timber so much alike, that one picce cannot'well be
distinguiskied from another, even when cut from trees having well-defined
botamical distinctions. As & consequence, the timber receives its name
more from the fashion of the yard where it is sold, or the saw-mill where
it is cut, than from any well grounded knowledge of the particular number
of the famfly from which it has been derived.” The timbers of New
Zealand sud Tasmauia labour under still another disadvantage. On
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account of the inconvenience attending winter work in the forests, the trees
are generally felled in the summer months, when the sap is in active
circulation. In Australia also little discrimination is used in this matter,
The eucalypti, as evergreens, shonld be felled immediately after the ripen-
ing of tho seed, and this fact is not so well known as it should be. This
carelossness in regard to the seasons at which timber is felled, perhaps
accounts to some extent for the serious defect which it is admitted that a
large proportion of the colonial timbers possess, namely, that of warping
when sawn in half, even though they have been kept for years,

I have in nearly every case avoided giving the botanical names of the
various eucalypti, as I found by comparing different reports that different
botanists in several important cases, gave different names to the same tree.
I may add that in New South Wales there are at least three varieties of
the euncalyptus called ¢ blue gum,” at least five called ¢ ironbark,” at least
six called by each of the names ¢ red gum” and  white gum,” and at least
seven called “ box.,” It is known too that the Tasmanian blue gum was
called by one writer ¢ eucalyptus diversifolia,” and by some others *eun-
calyptus pulverulenta.” It is sufficiently evident from this, that there is

. ample room for an endless variety of mistakes, and also that in regard to
Australasian trees, locality is often of much more importance than name.

I brought some specimens of colonial wood, with me on my return to
India, intending to ascertain to what extent they resist the attack of white
ants, but have not had time yet to do more than mako a ten days’ trial. I
may mention, however, that specimens of ironbark, red gum, cypress pine,
jarrah, kouri, myrtle, blackwood and Huon* pine, after being buried for
thet period in a white ant’s nest where the ants were present in muliitudes,
remained untouched. (The last three woods are Tasmanian, and the last
two are much valued in cabinet-making).

Annexed iz given a table showing the strength and elasticity of most
of the timbers already described, as compared with English oak. 1 have
reduced the results given in the report of the experiments at the Sydney
Mint, to the same form as the fables showing the Woolwich Dockyard ex-
perimente, 50 as to admit of their comparison. The value of the Sydney
experiments is greatly lessoned by the admission that they were made with
unseasoned timber. Ironbark is the only timber which entered into the
experiments at both places, and I find that while in transverse strength the

* Oallod atter the River Buon where it {s sbundantly found.
YOL, YiL,~=SECOND SERIES, 24
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ratio which it bears to English oak in the case of the seasoned wood, is
1-745 to 1, that of the unseasoned wood is only 1'441to 1. Inregardto
elasticity, the difference is much more striking, the seasoned wood giving
2:165 to 1, and the unseasoned 1'172 to 1. The Sydney experiments are
therefore valuable only as showing the strength of the timbers commonly
to be met with in the Australian markets, and not as an index to the
strength of first class specimens. On the other hand, the Woolwich ex-
periments show the transverse strength of kauri one-third less than the
result obtained in experiments made at the instance of the Government

of New Zealand.

ExPERIMENTS ON AUsTRALASIAN TIMBERS,

Showing the Transverse and Tensile Strength and the Elasticity, that of
English Oak being unity.,
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These experiments were carried out chiefly at the Woolwich Dockyard,
The tmmbera to which “ A is attached, show the order in which the tHmbers
experimented on at Sydney would bave stood among those experimented om st

Woolwich, .
H. G. Mc¢K,
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No. CCXXXVIII.

MEMORANDUM ON THE LAWRENCE AND MONT-
GOMERY HALLS.

[ Vide Plates XXXV, to XL.]

By Ra1 Bauapur Kunuva Lay, Assoe. Inst. C.E., Erec. Engineer,
P. W. Department, Punjab.

Tne accompanying Plates XXXV, to XL., show the above buildings, welt
known at Lahore as the ** Lawrence and Montgomery Halls,”

They are joined by a covered corridor, and are situated in the Lawrence
Gardens, the Lawrence Hall fronting the Mall, and the Montgomery
Hall facing the central avenue of the gardens.

The Lawrence Hall was built in 1862, from designs by Mr. G. Stone,
C.E,, and the Montgomery Hall in 1866, from designs by the late Mr. J.
Gordon, C.BE.

The original vaulted roof of the Montgomery Hall cracked much
subsequently, and was considered unsafe,

It was removed in 1875, and replaced with a wooden roof overlaid
with galvanized corrugated iron sheets No. 18 B.W.G., and having an
ornamental coved wooden ceiling, beautifully painted, and fitted with glass
windows, which have a good effect. This re-roofing and restoring of the
Hall, has been successfully carried out by Rai Bahadur Kunhya Lal,
C.E., Exec. Engineer of Lahore, in 1875-76. Vidc Profcssional Papers
on Indian Engineering, Second Series, No. CCXXXVIIL

The Lawrenoe Hall was built chiefly from coutributions by the Euro-
pean commuuity of the Punjab, and the Montgomery Hall, from sub-
seriptions by the Native Chiefs, whose names are inscribed on a marble
tablet in the building.
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The Lawrence Hall measures 65° % 32”5 inside, and is chiefly used as
an Assembly room for public meetings, and theatrical entertainments.

The Montgomery Hall is 106’ % 46’ wide inside, and is used for
Grand Balls and Durbars.

The Lawrence Hall was built as a Memorial of Sir John (now Lord)
Lawrence, and the Montgomery Hall in memory of Sir Robert Mont-
gomery.

The Lawrence Hall cost about Rs. 84,000, and the Montgomery Hall,
Rs. 1,74,000, as follows :—

Ba.
Original cost of building with vaulted roof, .. . . 1,08,000
(from subscriptions by Native Chiefs),
Subsequent re-roofing and restoration from Genmeral L.
Fuﬂd, X . .o s . .. e o 66,000

Total, .. . m

The style of architecture of both the Halls is classical, and the particu-
lars of work, are as follows ’

The walls are thronghout of pucka bricks laid in mortar, lime plas-
tered inside and outside. The interior and exterior of the Lawrence
Hall, and tho exterior of the Montgomery Hall, are polished, and jointed
in imitation of stone,

The floors are boarded of deodar wood, except those of the corridors
and the small rooms attached to the Lawrence Hall, which are of well
burnt hexagonal tiles, laid neatly in cement,

The doars and windows are of deodar wood, glazed and painted,

The roofs are trussed, with ornamental wooden ceiling underneath ; flat
in Lawrence Hall, and coved in Montgomery Hall,

The roof covering of the Lawrence Hall is lime terraced, and that of the
Montgomery Hall, galvanized corrugated iron sheets, with perforated
ridge ventilation,

A large space outside both the buildings is metalled with kankar, with
a good slope outwards, to lead the drainage away from the buildings.

K. L,
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. No. CCXXXIX.

NEW FEMALE PENITENTIARY AT LAHORE.
[ Vide Plate XLI]

By Rai Bansoor Kuvuva Lav, dssoc. Inst. C.E., Exec. Engineer,
P, W. Lepartment, Punjab.

Tae New Female Penitentiary at Lahore, is built as per block plan
accompanying, and the bLuildings are sufficient to hold 250 Native, and
4 Burvpean, prisoners. Of the former, 48 are accommodated in cells,
and the rest in wards. DBesides the above, accommodation for 8 Juveniles
is provided in separate buildings. Wards for 4 European prisoners,
12 guarantines cells: for Natives, and quarters for the Matron, Natiwe
Doctor, Female Warders, and Guard, &c., are also constructed. Al the
buildings with the exception of the office, and quarters tor the Matron,
" Native Doctor, Gdard, Female Warders, and Guard Room, which are
placed outside the jail, on either side of the gate, are enclosed in an
enclosure, measuring 770’ x 770. The enclosure wall is of pisé work,
% 24 feet broad and 14 feet high, the corners of the square being rounded
off to & rading of 40 feet. The buildings are arranged on the radiating
- principle, between two circles (an outer one and an inner one) inside
. the enclosure, the outer circle having a radins of 330 feet, and the
. inner one of 75 feet, both being connected by an open passage 18 feet
ingide. 'There are eight compartments, four of which have a ward in éach,
for 50 prisoners; two have blocks of solitary cells for 24 prisouers each ;
. one has workshop and cells for 8 Juvemles and one, the largest of ﬂl
bas a hosyital for 24 patients.

The subsidiary buildings are arranged as shown on the plan. The_,
th.mismnﬁm of the buildings is as follows 1~ '

. .¥OL., V1,~~EECOND SERIES, 2v
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Foundations.~Of concrete 1 to 1} feet in depth.

Plinth.—Of small native bricks. . ,

Superstructure.—Of sundried bricks. Except door jambs, *flat and
relieving nrches, over doors, verandah pillars and arches, 1 foot under
wall plates, and 1} feet under treads of doors, and other openings, which
are pucka, of small native bricks. The outer walls of haspital, barracks,
workshops, cook houses, matron’s house, quarters for the guard, and
office, are faced with pucka bricks and pucka plastered.

Floors.—~Of hospital, office, matron’s house, and wards for Ruropean
prisoners, are pucka, roof of all the buildings is flat, supported on deodar
beams and rafters, overlaid with bricks and mud, except that of the
hospital and barracks, which is made of swall native tiles, on deodar
trusses, purlins, and battens. Doors of hospital, matron’s house, and
office, are glazed, those of barracks and godowns panelled, and those
of cells are battened, covered with sheet iron, having openings fitted
with iron bars, for ventilation.

Openings for ventilation are provided in flat roofs, covered with
inverted ghurrahs, and complete ridge ventilation is provided in the
barracks and hospital. This Jail is similar to the Montgomery Jail,
which was also constructed by the writer, see Article No. CXLI1IL of
9nd Series. The only new thing in this Juil is the water sopply. In
other Jails, wells are sunk almost one in ecach eompartment, from
which, the inmates draw their supply of water, by means of buckets or
pumps, but in this Jail, only one well is sunk in the centre of tke inner

“enclosure, near which, a reservoir is constracted, which is entirely of
pucka masonry of small native bricks. Its dimensions are 15’ x 15
X 5, and its bottom is 5 feet above the level of the ground. It is.
pucka plastered inside and outside. A filter 4’ X 38} is attached to the
reservoir.

Pipes are laid from the reservoir to the various compartmenta, Mneh
terminate in stand pipes, the tops of which are 2} to 8 feet above the
level of the ground. The pipes consist of best burnt pottery, nnglazed,
4 inches in dismeter, enclosed in pucka masonry 2§’ x 2}, and laid
3 feet below the ground. The pucka masonry rests on 4 bed of concrete,
6 inches tlnck and well consolidated. The pipes at the bends consist
-of “gharris" or small “gharras™ having pipes in the directions of the
bends, and the joints of the pipes are secured with fine cement of stone
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‘lime, and the whole of- the pipes wrapped round with thick coarse cloth,
dipped in a hot mixture of fat, wax, oil, and lime, and then enclosed
in masonry, which makes the pipes watertight.

- The stand pipes consist of small pillars of pucka maspnry, having
zine pipes in their middle, connected with the angular pottery pipes
below, and terminating, on one side, in a brass tap, which can be opened
and shut by turning a handle.

Water from the well is raised by means of a Persian wheel into a
small reservoir, from which it passes into the filtering beds, thence into
a small tank, and from there into the large reservoir.

The reservoir and filter are covered with a wooden roof, having openings
both at the top and the eaves, fitted with wire netting $-inch mesh, for
purposes of ventilation. .

The ends'of the openings for passing the water from the reservoir into
the pipes, are fitted with perforated zinc plates, to prevent any thing
from getting into the pipes. The reservoir has a drain at its bottom,
for cleaning it, when necessary.

The accompanying abstract gives the quantities of work, the actual
working rates, and the cost of the entire work. ‘

Abstract.

¢ ft. . RS,
74,214'26 Conerete in foundation, at Rs. 12-6-7 per 100, .. . o 9211
268,766  Kacha masonry, at Rs, 3 per 100, - e .o .. 8,063
89,125  Pisé work, at Bs, 1-15-2 per 100, .. e . L141
*1,27,296'41 Kacha-packa masonry, at Rs. 8813-4 per 100, .. .o 1,217
1,31,687'14 Packa masonry, at Rs. 19-15-7 per 100, .. ., . . 26,289
15,822 " at Rs. 23 per 100, . e . -~ 3,956
2,986 " at Rs, 50 per 100, y w881

7,571,965  Earth filling in, under plinth, at Rs, 0-4-0 per 100 . . 2010
s ft. *

27,035 ' 8mall tiled roof covering, including square tiles and lime, at

‘ Re, 10 per 100, .. . .o o . 2703

4,450 B;ttened doors and windows, at Rs, 0-10-0 per foot, . .o 2,781

mds. 81, '
"797 1 Ironwork of doors, of cells, and barracks, at Rs, 11.12-4 per

maund, .. . . . e .o o .o 9,382

132 856 - Iron tie-rods, at Rs, 14 por maund, . . . . 1,860
oft.

.632'30 Deodar wood wall plates, kurrees and wood for trusses, &e, at - -

~ Rs 1.8 per foot, . . o . v o 14448

' Carried over, ,. 94,609



380

e ft,
11,245
8. ft
20,709
77,057
5,668
2,584
13,126
1,980
14,319

800 -
2,183

t. ft.
1,152

4
¢ ft.
18,079

9,401

r, ft.

2,182

< ft.
4,85,671

25,269
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.

Flat roof covering, 2nd class, at Rs, 8.7 -0 per 100, .. .
Pucka plaster of coping and water-drips, at Rs. 8-18.7, per 100,
- » drip cornice, at Rs. 20-10-3 per 100, .. .e
Doors of cells, of kikar wood, at Rs. 0-9.1, per 100, .. o
Roof covering of sirk and mud, at Rs, 2-8-7, per 100, .
Bullees for roof, at Rs. 12 per score, .. . . .
Tiled flooring, at Rs. 10.8-5 per 100, ... .. . e
Brick flooring, at Rs. 15 per 100, . . o .
Pucka terraced flooring, at Rs. 8 per 100, . e .
Half glazed and balf pannelled doors and windows, at Rs. 1.0-6,
Pucka well, with reservoir, at Rs. 781, .. . . .

Pucka well, without reservoir, at Rs. 600, . . o
Levelling site and cleating rubbish, &c.,. e e
Compensation for land, .. .. . . . w

Cost of thres centerings for arches, at Rs. 250 each, .. .o

Pucka cornices of bridge on the road leading to the new
Female Penitentiary, at Rs, 0-6-0 per foof, .. .. ..
Curbs for wells of do. do., at Rs, 20 each, ..

Brick metalling round the buildings, at Ks, 2-15-2 per100, .
Kankar metalling, at ks, 8-5-5 per 100, P
Entrance gates, at Rs. 250 each, .. v .o .o .
Earthen pipes enclosed in pucka masonry, at Rs. 19-15-8 per 100,

Filliog ditch and hollows, at Rs. 2-14-0 per 100, ..

-

Packa plaster of 'buildings, at Re, 8-12.8, e e
Petty items, under Ks, 200 each, .., . . . .

COL\ﬁBxenciel, ne LR ~" .e ve a

Brought forward .
-Deoduwood,wallplateundbuma,&c, - . e

94,602
2,240

1,656
3,082
1,170
1478
888
1,188
1,509
186
84
2,207
781

211

1,081
750

488
280

474
784
750

426
1,408

852

-+1,168

&,761

L el

Tom, X} ve v la,lﬁsm

Deduct prison labour, .. ..

4,106

A

Grand Total, .. .. .. 131,88
————

K. L.
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No. CCXL.

PROTECTION OF BUILDINGS FROM LIGHTNING.
» .

By Dz R. J. Maxy, M.D,, F.R.A.S.

+

[Read before the Meteorological Society, 28th April, 1875.]

Ix bringing the subject alluded to jn this communication under the notice
of the Society of Arts, the author intends to mark the present state of exact
science in regard to the matter, and to describe as compactly a8 may be
done, consistent with intelligent and sufficient explanation, the way in
which buildings may be most conveniently and certainly secured against
damage from lightning.

As, however, it is the purpose of this paper to deal intelligently, rather
than dogmatically and prescriptively, with the theme, attention must in
the first instance be drawn to certain established principles of electrical
science which underlie the explanation that has to be given. This is -
essentially necessary in this case, because the most absurdly inefficient,
and often dangerous, attempts to protect buildings from lightning are
continually encountered, and because these constructional. Llunders can
almost always be directly traced to i 1gnora.noe or misapprehension of sxm-
ple and well-ascertained electrical laws.

It is & familiar and at the samg time an all- -important fact, that the
electric force is transmitted readily through certain kinds of bodies, such
aa metals and moist substances, which are therefore termed condnc_ton'
and that it is transmitfed with comparative difficulty through other sub-
stances, a\mh a8 glass, g'abtu-pmhl, and resins, which are called ¢ msnlg.‘
tore.”

: It should be, however, understood that the rigidly scientific mterpmh-

: ﬁmd this diference is tlnt dissimilar bodies, of whatever kind, vary in
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the registance which they offer to the passage of the electrical energy,
and that that passage is effected easily and readily when the résistance is
small, but slowly and with difficulty when the resistance is great, Instrict
accuracy, there i§ probably no such thing as an absolute electrical insulator.*
If a rod of glass and & rod of metal be presented to an excited electric,
the electrical charge will escape through both, Lut very nearly the whole
will go through the metal, and almost none will go through the glass.
The precise proportion that will traverse eagh will be determined by the
relative powers of resistance inherent in-the glas#fand in the metal. The
matter is spoken of, in loose term¥, as if all the discharge went through .
the metal ‘and none through the glass; and this answers very well for
purposes of familiar explanation, because the quantity that escapes through
the glass is so very trifling, that it is incapable of producing any percep-
tible mechanical effects.

All forms of electrical machines which are constructed for producing
artificial manifestations of electrical force, are produced by so arranging
insulators and conductors, as that the force may be generated on the sur-
face of the insulators, and then collected and conveyed by the conductors
in an accumulated form, the conductors that effect the accumnulation bemg
in their turn insulated, so that the gathered force may not escape as
immediately a8 it is engendered, and therefore before its mechanical or
other obvious effects can be manifested and examined.

But the action of artificial electrical machines is also in a very large

. degree dependent upon another fundamental Jaw of electrical action which
is less easy to explain, but which is of such universal importance, that it
must be thoroughly understood and indeed be kept constantly in mind, as
the great ruling power in most of the phenomena that have next to be
considered. Tho influential 1aw which is here alluded to is the one which ;
is involved in all that is recognised as * clectrical induction,” Whenever. "
an insulated conductmg body is bropght near to another electrically-
excited body, but in “such a way as that it is not i in actus] contadt with it,
the insalated conductor immediately shows signs of being as it were sympa- |
thetically affected by the mere presence of the excited body. ‘When the
excited body is withdrawn, the sympathetically-aroused excitement in the
insulated conductor subsides ; when it is-brought back into close neigh-
bourhood, the excitement immediately returns. This is what is culieﬁ
“indaced electrical action,” or “induced electricity.” R
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The effect is very easily shown, in & suitably dry atmosphere, by placing:
an insulated conductor near to, and not in contact with, the excited prime
conductor of an electrifying machine, and then taking the induced elec-
tricity from the separate conductor by means of a small carrier of copper
foil, fixed npon the end of a glass or ebonite handle, and communicating

" the charge to the cap of a gold-leaf electrometer. The leaves of the elec-
trometer immediately diverge, manifesting the presence of the electric
force that is communicated to them. The experiment may be very pleas-
ingly varied by making s living human body thé seat of the inductive dis-
turbance; if an operator stands upon & glass-legged stool with the finger
of one hand tonching the chp f the gold-leaf electrometer, and with the
other arm stretched out so that an assistant can bring’ a long well-warmed
glass jar that has been rubbed with silk and amalgam, and in that way
electrically excited, over the extended arm and sbout a quartgr of an inch
away from it. Electrical disturbance is immediately prodaced induetive~
ly in the body of the operator, and made manifest by the divergence of
the gold leaves of the electrometer ; and the divergence is produced and
subsides over and over again as the excited glass jar is brought near to
the arm, or is taken away. The explanation which science offers of the
very remarkable phenomenon, is to the effect that the insulated conductor
has intrinsically mixed up with its own molecules two distinet kinds of -
electrical influence, be that what it may, whether essentially a specific
molecnlar condition, as is most probable, or some superadded, and so-
called, imponderable agency, and that these two kinds of electrical force
are quiescent and inappreciable, so long as they are equally balanced, and
as it were united throughout the entire superficial mass of the conduct-
or, but that they become operative and appreciable whenever the two
kinds are torn apart and held asunder. The mere spproach of the excit-
od body effects this disturbance of the natural quiescent state, and this
‘teariug asunder, and one of the kinds is then accnmulated at one end

or side of the conduotor, and the other kind is collected at the opposite .

end or side, There is a neutral point nearly midway between, but nearer
to the end that-is towards the exciting body, at which no electrical in-
fluence of either kind is manifested. If tho exciting body is itself posi--
tively or vitreously electrified, the end of the excited body which is nearosh,
to it is negatively excited, and the opposite end is positively excited ; the
bems posmve and negmve being here understood simply a8 con\ emm a

o
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terms. invented to distinguish the two different kinds of electrical state
or force.

The test of induced electricity, viewed in contradistinction to a commnu-
nicated charge, is virtually that the state is called up and removed
merely by the nearness and withdrawal of an electrically- excited body.
If & charge of electricity were communicated from an excited body by a
momentary coatact, the electrical condition would continue in the insulated
conductor after the exciting ‘body was taken away, instead of instantly
disappearing as it would in the case of induced action, Also the same
kind of electrical force would then be found at both ends and all over the
insalated condnctor. .. '

But here there arises a very curious, and again most important, consi-
deration. Under the circumstance of electrical excitement being called
up in an insplated conductor by the near approach of an electrically exci-
ted body, the oppnsite ends manifest opposite electrical sonditions, and on
the removal of the excited body the induced action disappears. If, how-
ever, when the disturbance has been inductively produced, the insulated
conductor is momentarily touched at the far end by snother conducting
body in contact with the earth, as the finger of an operator, the indue-
tively separated force belonging to the insulated conductor, which is of”
the same kind as that of the exciting body, rnshes off to the earth; and
then when the exciting body is removed, the insulated conductor does not
return, as it would otherwise have done, to its natural and qhiescent state,
but manifests an electrically excited condition all over its surface, of a kind
opposite to that of exciting body. It behaves, indeed, in all particulars as
it wonld have done if an ectual charge of that opposite kind of electrical
force had been communicated to it by contact with a similarly excited body,

When the glass cylinder or disc of an clectrical machine i is positively
excited by friction against the rubber, the metal points, which are in me-
tallic communication with the insulated prime conductor, and therefore the
conduetor itself, become inductively electrical. The négative electrivity of
the inductively disturbed conductor flows off from the points to the glu’ﬁ“‘ :
to saturate its positive disturbance, and the prime canductor is consequents
ly left overcharged with ite own abandoned positive force. That is the
explanation of the way in which streams of positive electridity are genera

_ed in the prime conductor of a machine by continuously tnhhmg its glul
cylinder, or plate, against s mercurialiced coshion.
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1t will be anderstood that the kind of electrical force vhwh is manifest-
«d when & glass rod or surface is called positive or vitreons electricity,
and that the opposite kind which is produced when sealing-wax or other
resinous substance is rubbed, is called negative, or resinous electricity. -
These names wera first used by the early discoverers in electrical science,
and no more convenient or expressive designations for the conditions
which they represent have since been found.

It hias been shown from the long-continued and most darefully conduct-
ed abservations of De Saussure, Ronalds, Quetelet, and Lamont, that in
dull fine weather, the surface of the earth is always in a negative state of
electrical excitement, and that the surrounding air is Eommon]y in a posi-
tive state. M. Peltiar attributes this positive tension of the air to the
state of the inter-planstary space. He considers that the vacant spaces of
the nniverse arein aconstantly positive state, and that the surface of the
planetary spheres is kept in the opposite state of negative excitement by
theinfluence of induction. In the absence of any more definite evidence
on this point, it is, however, perhaps more philosophical and satisfactory
%o consider, as many other authorities do, that the positive state manifest-
ed by the air is effectively seated in the particles of moisture contained
in the atmosphere, and that it has been carried up with them from the
earth when they rose through evaporation.. M. Becquerel has shown that
the surface of the sea, and the air lying immediately over it, is as constant-

‘ly in a state of positive electrical excitement as the land is in a state of
negative excitement. The fine weather positively electrical state of the
air only appears over the land at some considerable elevation. This also,
it must be added, is influenced in some material way by the varying posi-
tions of the sun. It is strongest in the season of short days, and weakest
in the season of long ones; and there are also in every day two periods of

- eomparatively strong, and two of comparatively weak, electrical excite~
ment, which recur approximately at the same hours of the day and night. .
The positive electrical state of the higher regions of the atmosphere is
also omideubly diminished by deposits of moisture in the sir, and with
very copious and rapid deposits sometimes disappears altogetber, and ba—
‘oqmes even replaced by the opposite negative state. .

- It may, perhaps, be well here to remark incidentally that the dmtmgmﬂhﬁ.‘
ed clodtrician Auguste de la Rive inclined to attribute. the electrical

states, which . sscend to-the elonds upon the aerial vapours, to chemloﬂ‘
10 V0L VIe=SROOND BERIES. 2x ‘
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changes, brought about by the reactions of the inner surface of the earih’s

solid shell and the subjacent molten rock with probable infiltrations of the

waters of the sea into the subterranesn alembie. Chemical changes of

the surface-material of the earth, and the composition and decomposition -
of complex surfaces, no doubt have to do with electrical manifestations and

disturbances. But it must also be added that human science has not yet

penetrated very far into this region of research. It is, perbaps, the one

field that is most'immediately open to further investigation.

We are, nevertheless, after this brief glance that has been given te
preliminary considerations, now fairly in a position to understand that
there are present in the cloud-sustaining air all the conditions which are
essential to convert it into a mighty machine for the production snd ac-
cumulation of electric force. The broad masses of insulated cloud are
conductors ready to receive large charges of the developed energy; these
are the prime conductors and the Leyden jars of the apparatus. The sur-
rounding spaces of clearer and drier air are the insulators that imprjgon’
the accumulating charge. And the vapours that ascend from the earth
and drift in with the winds from side regions, are the carriers and feeders
of the chargs; they play the part of the revolving cylinder or plate. All
that js necessary for the produoction of a thunder-storm under these ar-
rangements is the rapid agglomeration in one spot of very dense ¢loude—
a result which can more easily be brought about in summer than in winter
because then the air is more abundantly charged with water, and because
then a very slight degree of chill suffices to throw down copious deposita
of the aqueous load. When a strong current of very abundant vapour
ascends from a tract of moist and heated land into the higher regions of
still calm air, where there iz no moving wind to scatter the condensing va-~
pours as they form, a powerful electrised mass of dense thunder-cloud is

" a8 sure to be formed as the prime conductor of an electribp,l machine is
sure to become charged with sparks when its oylinder or plate is rubbed
against the cushion. It will be here understood, however, that the real
function of the cloud is simply the bringing into continuons electrical
communiocation a wide stretch of electrically-charged air. It is the air~
substance which receives the electrioal force, and the condensed and closely-
packed moistare of the cloud merely enables large. tracts of it to come .
simultaneonsly into play as a continnous and connected oharge, Sir William
Thomson especially insisis upon the fact that clouds are uat indispenssble’
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to serial charges and disruptive discharges of electricity. They propefly
nct to the serial charge exactly as the metallic coating of the Leyden jar
acts to the él'mged glass. They facilitate the concentration of the full
fores of the entire connected charge upon one spot.

When & cherged thunder-cloud is thus generated in the upper regions
of the air, and hemmed round by its circumscribing insulation, all the com-
plicated f)henomanﬁ of induction immediately appear. Other neighbour-
ing masscs of insulated and conducting cloud have their quiescent state
sympathetically or inductively disturbed, and the primary mass of the
storm-cloud heing positively charged, their nearer parts manifest negative
energy, and their further parts the positive state. If an ifitervening layer
of other cloud floats between the storm-cloud and the earth, its bottom
becomes positive towards the negative earth, and its top negative towards
the storm-cloud. The inductive influence of a highly-charged thunder-
cloud is extended in this way to almost incredible distances, amounting
even to several leagues. Very ccmmonly the inductive power of clonds
quite on the far horizon is indicated by delicate instruments, like the at-
mospheric electrometer of Peltrier, or Gourjon, in which two or three
thousands turns of & wire brought from a metal globg, or a tuft of fine
platinam wires, raised high in the air and continued to the ground are
wound on the way round a sensitive and delicately-poised magnetic needle.
The air-space surrounding & positively charged storm-cloud is always in
& state of negative excitement from the influence of induction. When w
storm-clond drifts over a fixed station, a delicale electrometer first indi-
cates the presence of negative electricity as this approaches, it then shows
positive electricity while actnally engaged with the cloud, and then again
menifests negative excitement as the cloud passes away. When 4 storm--
cloud hangs low over the earth, the negative reaction of that part of the
ground.is very largely intensified by induction, and the positive charge of
the lowest portion of the cloud is in its turn also strengthened by the

‘ssme agency. Btorm-clouds are for the most part positive in their actual ‘

_ooamunicated and accumulated charge, But it sometimes happens that
négative vapours are poured out suddenly from the moist heated ground -
for eome umagoertained reason, snd then negatively active storm-clouds -
appear. It has been found that hail-storms are generally connected witk’-~
mm abnormal negative clond- -charges.

When's. chmged thunder-cloud hangs low over the earth, all prdjw%
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ing bodies rising from the ground are most powerfully influenced by the
inductive action, and conducting bodies, such es rods, tubes, and sheets.of
metal, more powerfully than bodies that have less conducting capacity.
"All such prominent bodies become highly charged with electrical force
of an oppogite character to that which is concentrated in the cloud, and
which strains to escape to the cloud, at the same time that the electricity
of the cloud in its turn tends to escape to them. If no passage of the
elgotrical force takes place between the prominent objects and the cloud, it
is simply because for the time being the iutervening layer of insulating air
afords a sufficient resistance to prevent such occurrence. The cloud is then
drawn nearer to the earth by the influence of the mutually tending forces,
and, perhaps, is at the same time driven into closer propinquity by the
wind, until at length the narrowed resistance of the sir is overcome by
the simulteaneously heightened tension of the accumulated electricities.
The lightning stroke then flashes between, and the tension is lessoned.
In this lightning stroke some positive electricity passes from the cloud to
the earth, and some negative electricity from the earth to the cloud. The
positive escape releases the negative induction of the objects placed on the
ground, and the negative escape saturates and satisfies the positive charge
of the cloud. In some circumstances the lightning stroke may take place
through very large distances—according to Delisle and Petit, as large sa
even nine and ten miles—especially if a kind of interrupted trail of parti-
ally conducting material is laid along its course. But for ordinary cir-
cumstances, the striking distance varies between 650 and 6,500 feet.
When the lightning stroke finally takes place, it of necessity ocours
through the line of smallest resistance that is open to it. It invariably
falls upon the most prominent conducting substances that are offered, and
this constitutes the -provision upon which all proceedings for protection
against lightning are primarily based; and it should here be understood
that there is no doubt or uncertainty of any kind involved in this part of
the consideration. An electrician will present & metal rod and a glass md
to the charged conductor of sn electrical machine in the positive certainty -
that the spark will dart out upon the metal, and not upen the glass ; and .
he will perform the experiment & thousand times without any variation in
the result. That the lightning will strike upon s good condueting snrfacs
in preference to » bad one, provided the entire course of the discharge
through the good conductor is an open and an easy one, is as ceriain 85
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that a ball of metal will be strack by the spark of the electrical machine
in preference to & lump of resin or glass.

But there is & second consideration of scarcely less eonsequence in the
arrangements for defence against injury from lightning, namely, the well-
.proved fact that even the most powerful electrical discharge passes through
substences affording an easy way, and offering small resistance without
distarbing the molecular condition of those substances in the slightest
degree. Tt is only when it has to force its way through badly conducting
bodies, which afford considerable resistance to the passage, that it effects
destructive mischief, which it then brings about by severing their compo-
nent molecules, so as to split up and disintegrate the mass. When good
conductors are of very small dimensions, they, in their turn, also afford con-
siderable resistance to the transmission of the electric force. But in their
case the resistance tells, not in shattering the resisting mass, bt in heat-
ing it. A very fine wire is rendered red hot by the passage of a powerful
electrical discharge, and it may, if the discharge is energetic enough, he
melted, and so disintegrated by the passage. But it is never explosively
shattered, as bad conductors are, under any circumstances.

The lightning which is seen in a dark sky flashing between a storm-
cloud and the earth, or between two storm-clouds, is a trail of intense
sharply-defied light, often appearing to move along a zig-zag course,
and occasionally dividing into two, or possibly into three, branches. The
duration of the light does not exceed the thousandth part of a second.
This has been very ingeniously demonstrated by Professor Wheatstone,
by causing a wheel with & number of .spokes to rotate so rapidly that the
spokes disappear, unless when the wheel is lit up by a flash of lightning,
when the spokes of the rotating wheel are seen distinctly, and the wheel
itself looks as if etanding still, because the illumination is for so brief g
time, that it has ceased before the advancing spokes have materially
changed their position. Professor Tyndall shows this result very prettily
in his lectures at the Royal Institution, by lighting up the rotating disc
by the snccessive discharges of a small Leyden jar, so placed that the

" spark occupies the focal point of a concave mirror: looking towards the
dise. The disc is rotated rapidly by a multiplying wheel, and t86 electrieal
“machine is worked continuonsly, so that the Leyden jar keeps on discharg~.
#ing itself by overflow at repeated intervals. With each discharge the
- radisat Gpoha of ‘the dive present themselves to the eye as if they eon-
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stituted for that instant a stationary object. The exact rate of the rots-
tion of a wheel being known, it is easy to calculate the duration of & light

which lasts only long enough not to allow the onward movement of a spoke .
to be discovered. The lightning flash is most probably often formed

of numerous successive discharges following each other in the most

rapid succession, and when this is the case, the duration of the light may

be somewhat prolonged. The suthor of this communication has dis~

tinctly seen the lightning in the subtropical districts of Southern African

quivering for quite notable instants from this cause, and seemingly widen-

ed into straps or bands, having an appreciable breadth. The broad sheets

of lightning-illumination, which are commonly observed during the preva-

lence of a storm, are, however, quite distinct from these lines of luminous

_discharge. They appear to be due to the leaping of electric discharges of

- much lower intensity, from cloudlet to cloudlet, as the re-distribution and
re-adjustment of the electric force takes place within the constituent masses
of the cloud, exactly as happens in the “ spangled pane ” of the clectrician,
when the electric discharge is made through the diamond-shaped masses
of tinfoil distributed wpon glass. The sheet lightning of the horizon is
merely the reflection of the light propagated from discharges that are tak-
ing place beyond the visible part of the earth’s curvature.

There is yet another form of lightning which is of exceeding interest to
the electrician, and which is characterised by prolonged endurance and
slow movement. This form has the aspect of 8 ball of fire, often as large
as a child’s head, which ‘travels slowly and perceptibly slong the ground
and finally explodes like a bomb-shell, with a loud detonamon, scattering
zig-zag rays in all directions. These ball hghtmngs have been watched
in their slow march through the air, even as long as eight and ten seconds,
and they constitute the kind of lightning that has been most oommonly‘
noticed in the interior of houses. They are essentially the hghfmngs that
« disappesr up the chimuey ! 1”  Their true character is, perhaps, yet but
zmperfectly understood. They certainly differ in essential particulars from
the ordinary lightning stroke. They are not electrical discharges: pure-
and simple. Auguste de la Rive inclined to consider them of the nature
of ‘compact batloons of explosive gas generated by electrical agency, nd
shining by inherent luminosty before being finally axplbdea M. Vailéy’ ‘
suggested the very ingeniotis probability that the ball is msﬂy & Jomnin- b
ous brush discharged from a negstively charged cloud, ludmg gwimﬁy
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up to the finsl burst, snd moving slowly forward with the charged mass,
of which it is the escaping terminal.
" 'TThe Juminous line marking the course of a lightning discharge is really
a“,cmk " produced in the resisting substance of the air when the pent-up
snd accumulated force finglly breaks a way through the resistance. Bir
William Thomson speaks of it as being as much a crack as the fissure
made by the escape of "an over-intense charge through a weak point in the
glass, the only difference in the two cases being that the crack remains in
the glass, but is immediately effaced in the substance of the air. ‘ The
path is prepared beforchand by induction.” Mr, W. H. Preeco has very
graphically and admirably expressed the actual state of the case in an
excellent paper read in 1872, to the Bociety of Telegraph Engiuneers, in
whiok he says: ¢ The particles .of air or other matter in the path are
raised to such a high state of polarisation, that.they are’in a state of
¢ fottering ethbnum, and the slightest acquisition of force or diminution
of resistance, either by the approach of the conductor or increase of
- guantity, destroys this condition, and we have a discharge with all the
effecta of light, heat, and mechanical energy. A ship sailing calmly over
the ocesn, a moving railway-train, a horseman galloping home for shelter
from the approaching storm, may prove the last straw to bresk this
camel’s back.”

The light which is seen along the course of a discharge of lightning is
unguestionably incandescent matter distributed along the track. This is

now definitely proved by the employment of the spectroscope, M. Fusi-
 nieri, who gave much attention to this bearing of the subject, had, how~
ever, arrived at this conclusion long before the spectroscope was known.
He satisfied himself that lightning always contains material substances,
and supereminently iron sulphur, and.carbon in a state of great division,
and also of ignition and combustion. M. Fusinieri conceived that the
lightning derived this substaptial pabulum of its fires from the molecules
.of thess substances that are always floating about as impalpable impreg-
mous in, the air. But it is most probable that particles are taken up
by, the slectric discharge from the conducting bodies that form part of its
' course, and carried along with it. Numerous very curious ifetances cf
. this abaorbh)g p.nd transporting sction are on record. The remarkable’
| omse spoken of by M. de la Rive, in which a gold bracelet was taken np‘
,fm ﬁm arm of & lady closing a window during a flash of lightning,
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w:!;lmut &oxng hér' my material harm, is well known, - Thm m iam-

" oet in which psrtwies of gold seemed to have been tranapurted through tife
actaal substance of thick plates of silver. The removing of the gglémg '
from the frames of pictures by Yightning is of frequent occnrrerce. “The
author of this paper remembers one case in which the particles of gold had -
been stripped away from the picture frames in a room that was damaged -
by hghtmng, and atiached to the walls in spsngles at different places.
One very curious instance of the influence of the electrical discharge upon
metulhe _masses was brought under thre author's notice by his friend Mr.
Shepstone, the Secretary for Native Affairs in the Colony of Natal. A
settler’s homestead, known as the German ‘House,” on the road lesding
from the seaport to the capital, was struck by lightning, and burnt down.
In the situation of a box which had contained money, theraWere found af-
terwards lumps of metals formed by the fusion of gold and silver coins.
But near to these were a sixpence and a half-sovereign lying face to face,
which bad been both drilled with a large hole, and at the same time Armly
soldered together round the circumference of the hole. The stamp mark
in the sixpence was entirely effaced. It is only, however, when metallie
substance is in comparatively small mass, or when it forms the termination
of a conducting track, upon which a concentrated charge is received, that
this dieintegration and absorption of metallic bodies oceurs. The.electrio
discharge passes through a sufficiently large metallic mass without produs- .
ing any molecular disturbance, or manifesting any mechanical effect st afl.

We are now in & position to return advantageously to the cons!dmtwn
thet when s lightning discharge falls from a charged cloud to- ‘the earth, .
it of necessity takes the line of least rosistance that ie open %o it, wfmt-
ever that may be, and if that line lies along sufficiently large and absolute-
l] continoous metallic substance, theé effective resistance to its pmtge is

’ao small, thst no mechanical violence or heating effect of atiy Aonsaqnam)e.
ensnes, Thu therefore, at once indjcates what the first e*xpodieat in pm-.
ndmg artifical protection from mechanical inj ury must be. A cmhmm B
rod of good cominct,mg metal must be carried from the top’ of ﬂm buﬂd‘iug ’
to the ground Then when the stroke of hghtnmg chme: to Iﬁ‘k apen’
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about, it is essential that the metallic rod shall be large enough to carry
quietly and harmlessly the largest discharge that may have, under any
circamstance, to pass throngh it. As a rain-water pipe must be made
large enongh o carry safely away the largest rainfall that can occur if
flooding. is to be avoided, so the lightning conductor must be made large
enough to carry the heaviest lightning that can strike. And it is even
more important that this should be secured in the case of lightning than
in the case of rain, because an overflow of fire is & more serious matter
than an overflow of water. Some electricians consider that an insoffi-
cient lightning conductor is better than none at all, because there have
been instances again and again where buildings have been saved from
mischief on the discharge of lightning, although the lightning conductor
that has effected their protection has been burnt up and destroyed. As
in such cases, however, a new lightning rod has to be immediately sup-
plied, it would have been obviously better that the conductor of double
capacity should have been erccted in the first instance. The author of
this paper must also add that be has some reason to look upon the eon-
clusion itself with doubt. Thero is always danger from fire if a light-
ning conductor of insufficient dimensions happens to be carried along
near combustible materials. The lightning stroke is certainly more likely
to fall where a lightning conductor, of whatever kind, is placed, than it
would be if there were no such appliance. The lightning conductor in
such circamstances, may be ¢ the slight acquisition of power whioh des-
troys the tottering equilibrium ; the last straw which breaks the camel’s
back,” alluded to by Mr. Preece. There certainly is as much danger in
the interpolation of a lightning rod in such tottering cquilibrium as there
would be in “ a horseman galloping along over the ground.” What the
damage is that a conductor of insufficient size may effect is well illustrated
in the practice of firing charges of gunpowder in mines by the plat-
inum fuge. A fine wire of platinum is made part of a current of electri-
cal communication in the midst of a. charge of gunpowder. When a
current of electricity is passed through the wiré it becomes red hot, on
account of not having sufficient size to convey the electricity without
derangement of its molecules, and the red hot wire fires the gunpowder.
If the platinum wire had had the thickness of a pencil, instead of a hair,
the same charge of electricity would have passed without the explogion

of the gunpowder. Another very telling illustration is supplied by the
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lar change, from the frequent passage of strong currents of electrical
force, which materially affects its conducting power. It must also be
remarked that copper is a very much better conductor than brass. Cop-
per costs about one-third more than brass, but it transmits electrical
currents eight times as well. Messrs. Sanderson and Proctor, of Huders-
field, and of 18, Queen Victoria Street, have recently contrived a copper
tape, or strap, for lightning conductors, which costs about one shilling
the foot, and which is so flexible, that it possesses in a very considerable
degree the advantageous properties of rope. It can be bent round the
inequalities of a building with the utmost facility, can be manufactured
1n continnous lengtbs to any extent, and can even be coiled for convenience
of trausport. This copper tape is three-quarters of an inch wide, and an
eighth of an inch thick, and therefore contains a sectional area of a little
more than a tenth of a square inch of solid metal. This will most pro-
bably be found to be ample for all ordinary purposes, and it can, of course,
be readily doubled in any case where lofty buildings have to be protected.

The French electricians, who are unquestionably very high authorities
in matters of this class, commonly employ metallic ropes, in preference to
bars, for the main stretch of the conductor, becanse they possess a larger
sectional area than solid rods of the same diametor, are more easily
placed, and adapt themselves to irregularitios of structure without ths
trouble of forging, because they can be veadily made of any continuous
lengths that can be required, and in the case of iron, can be easily galva-
nived, and becanse they are so sapple and more manageable. They con-
sider that an iron cable should have s diameter rather more than iwice
and a half that of a copper cable (27-3 millimetres against 1 centimetre)
to have the same efficiency. M. Callaud, an eminent French electrical
engineer, who has very recently printed an exccllent book on the ¢ Para-
tonnerre,” records that a rope of copper, four-tenths of an inch (one cen~
timetre) in diameter, employed as a lightning conductor at the Church of
Sainte Croix at Nantes, and which was wade of seven strands, having
each seven threads of wire of a gauge of 0-039 of an inch (one millimetre)
in diameter, had certainly transmitted several very heavy electrical dis-
charges, without suffering any injury in its own subatance, and that o
similar rope of one-fifth smaller diameter (8 millimetres) previously
employed, bad been injured by lightning discharges. Copper bars s fifth
of an inch (exsotly 5 millimetres) have been know to be as much injured
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by a single storm, as by ten years of exposure and rust. M. Viollet Leduc, .
on the other hand, states that copper ropes seven-tenths of an inch
(18 millimetres) in thickness, were burned at Carcassone, From a con-
sideration of these facts, and some others of a similar character, the
French electricians of the present day employ ropes of copper of from four-
tenths to eight-tenths of an inch (one to two centimetres) for each 82 feet
of height. Mons. R. Francisque Michel, who has printed an interesting
potice of the faulty state of the lightuing defence of the public monuments
of Parig, with some allusion to the views of M. Callaud, in Les Mondes of
October 1874, considers that a rope of galvanised iron wire should have a
diameter of eight-tenths of an inch, to afford efficient protection under
ordinary circumstances. M. Calland prefers that metallic ropes should be
constructed upon hempen cores, on account of the greater pliability which
this contrivance gives. 1t has been already observed that lightning
conductors require to be of larger size in proportion to their length. The
law which rules this proportior is simply that the facility of electrical
transmission in apy conductor is in the exact ratio of the coefficient of
the conductibility of the metal of which it is composed, multiplied by
the number representing the section of the rod, and then divided by
the number representing its length. The durability of any rod is, in
general terms, in proportion to the square of its diameter. M. Melsens,
& high French authority, prefers that there should be several conductors
of small size, rather than ono large one; and il is at any rate generally
agreed that a large building should be furnished with several conductors,
and that when several conductors are combined into one stem, that stem
must be of a size sufficient for the safe transmission of all the electrieal
force that can be furnished to it by the contributory branches.

If it 8o happens that metallic cables have to be joined, the individual
wires of the connected ends must be untwisted, and spliced or mingled
together, and then be bound tightly round with wire, in such a way that
the whole can be dipped into melted solder, or solder be carefully run in
over a fire, Cables may be satisfactorily connected with rods by turning
a spliced loop upon their'ends in this way, and by then binding this loop
in upon the rod by means of strong screw nuts. Mons. Michel, in speaking
of the need of renewing the efficiency of the public lightning conductors of

- Paris, makos the excellent practical suggestion, that the ends of rods
requiring to be spliced iu continuous electrical communication, should have
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plates of soft lead firmly nipped in by screw power between the ends that
are to make contact, the entire joint being afterwards enclosed in a suffi-
cient investment of solder. ‘

The disintegrating energy of an electrical discharge is mainly expended
upon the extremities of a conductor. It effects the most marked molecular
disturbance on the part where it first falls, where most probably the first
meeting of the two antagonistic forces occurs, and where the terms of the
new alliance have to be arranged, and also on the part by which it has to
issue from the conductor to the ground—the great natural reservoir of the
reserve of the energy. On this account, lightning conduetors require to
be expanded and amplified both at their summits and at their roots or base.
The French Academie des Sciences directed that the top of the conductor
should be a bar of iron two and a quarter inches in diameter, whether square
or round, tapering up to & blunt conical copper point, shaped to an angle
of 30 degrees. The pointed termination of the conductor is a matter of
some practical consequence, because it establishes a slow and gentle dis-
charge of an accumulation of electrical force at high tension, as is illus-
trated in the ordinary experiment, where the charged conductor of an
electrical machine is quietly discharged by the presentation of a sharp
needle to it. De la Rive held that a metallic ball was quite as efficient
for an Gipper terminal as & point. But when a great number of lightning
conductors are brought near together, as in protecting the buildings ofan
extended town, there is no doubt that if they are pointed at the top, they
serve to saturate an approaching cloud, and to deprive it of its sting
before it comes within striking distance. After the city of Pietermaritz-
burg in Natal had been largely supplied with pointed lightning conduc-
tors, under the author’s fostering influence, the actual discharge of violent
lightning strokes within the area of the town became almost unknown.
During several years the only cases that came under the author’s notice
were the top of two chimney stakes somewhat damaged, and a few lofty
blue-gum trees shattered.

On account of the facility with which it could be supplied by ordinary
workmen, the author adopted a terminal for the upper end of the conduct-
or in the colony of Natal, which proved very effective and satisfactory.
In this arrangement the top of a galvanised iron rope was enclosed in a
tube of stout sheet zinc, finished at the summit, for the sake of arnmbx\'t,
by & gilded ball of tarned wood, above which the strauds of the wirs
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were opened into the form of & sort of brush. Each conductor, in this
way, had 42 points of its own, and the augmentation of terminal capacity
was secured by the addition of the external zinc tube, The tube also
supplied = ready and convenient mesns of attaching the conductor to
chimney stacks, or to other protrading parts of the building.

The especial function and power of points is very pleasingly and
completely illustrated by a series of three experiments devised by M.
Gavarret, Professor of Natural Philosophy to the Faculty of Medicine
at Paris. He first charges the prime conductor of an electrical machine
to the highest point of tension that it can contain; he then places neasr to
it an earth-connected rod, furnished with a point directed towards the
conductor, and he shows that the tension which can be produced in the
conductor diminishes constantly as the angle of the neighbouring point
iz made less. He next provides a Leyden jar that discharges itself by
spark through a given neighbouring point, and unscrewing this point, and
replacing it by a crown of points, he shows that thenceforth the same jar
will only discharge itself silently and without a spark. He then so ar-
raliges the jar that it discharges by sparks below the plane of a neigh-
bouring terminal point, and on fixing lateral points below that plane, the
spark-discharges immediately cease.

Perhaps, however, the most telling proof of the beneficial influence of
points in relieving the tension of an excited electric is that which is given
by a very simple and pretty experiment, most easily performed. If a living
raan stands upon a stool with glass legs, and is placed in electrical com-
munication with the prime conductor of an electrifying machine at work,
with a gold-leaf electrometer on the table three or four yards away from
him, and holds in his hand a sewing necdle, with one finger pressed over
the point, the gold leaves of the electrometer show no manifestation of
the electricity in the operator, until he unmasks the needle by withdraw-
ing the finger from its point, when the gold leaves immediately start asun-
der, under the influence of the stream of electricity which is poured out
apon ﬂ;em through the point, even at that distance. Or yet, again, if a
large tassel of strips of light tissue paper is made to throw its several
sﬁnps outinto a divergent brush, by electrifying the tassel from a machine,
the- tasscls of the paper collapse together immediately upon nnm:skmg
npou them & peedle point held § in the operator’s hand at the distance of
two or three feet away. . There is one very important result of the employ-
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ment of terminal points to lightning rods, which should never be lost sight
of. A lightning rod with efficient points, and in satisfactory operation,
might be grasped by the hand of a living man even when in action, with
entire impunity, because, on account of the continued drain set up by the
points, the rod can never assume any dangerously high tension. A con-
ductor acting without & point, on the other band, is in a state of very
considerable tension when it effects its first discharge, and if it were grasp-
ed in the same way by a hand, would, in all probability, strike through
that hand some very inconvenient and possibly painful proportion of the
discharge. Conductors that have been acting silently with points have
been seen to be struck by sinuous tracks of firo, indicating dangerous dis-
charges of high tension, when they have been disarmed of their points.

Platinum has very generally been recommended for the construction of
the terminal points of lightning rods, because it is one of the hardest
known metals to melt, and because it is also not easily oxidised. The
points are shaped to an angle of from 7 to 10 degrees at the top, and are
made a trifle less than 2 inches (5 centimetres by the French) long. In
this form they are screwed firmly into the top of a rod of copper, whichis
then, in its turn, counected with a cable or metallic bar below. The ter-
minal rod is usually made of angmenting size as it descends, and is gener-
ally projected from 12 to 20 or 80 feet above the building that is to be
protected. Platinum points are specially made for lightning eonductors
in Paris. They are supplied by Colling, of 118, Rue Montmartre;
Reignet, of 96, Rue Montmartre; and Detouche, of 222, Rue St. Mar-
tin. The cost of & platinum point at these houses, grafted on brass, and
from 50 to 70 centimetres (1°9 to 2-7 inches) long, is from 16 10 22
francs. For better finished work, with larger needles of platinum, grafted
upon copper, the cost is from 60 to 200 francs.

M. Francisque Michel considers that the points may be quite as ad-
vantageously made of silver alloyed with copper, in the same way that it
is when used for coining silver money, that is, conteining 165 parta of
copper to 535 parts of silver. Such points have the unquestionable
recommendstion that this alloy possesses & very much higher conducting
power than platinum, which has 12 times less conducting power than
silver, and 11 times Jpss than copper. Moessrs. Sanderson and Prootor
construct their points very neatly, by simply twisting the copper tape
spirally at the end, after the fashion of au auger, and then fling. away. the
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termination of the flat metal into the shape of a sharp angle, The en-
tire terminal is also gilded over the copper to the extent of 8 inches.
This kind of point has the very obvious recommendation thatit forms s
continuous portion of the actual rod, and needs no joining or attachment.
The French electricians strongly recommend, upon the ground of the
experiments of Professor Gavarret, that the lightning rod should be ter-
minated by a cluster or a crown of points, instead of by one alone, and
M. Callaud has given two sketches in his treatise of forms of terminal
points that have been adopted in France, in one of which a circle of ten
points radiates at an sngle of 45 degrees round the base of the principal
terminal, which rises some inches above them; whilst in the other a kind
of plunie of points feathers out from the base. M. Beignet, of the Rue-
Montmartre, exhibits a model of the multiple point which the French
electricians most affect. Mr. Francig, of Southampton Street, Strand,
constructs a very gimple and efficient multiple point of copper. The
Hotel de Ville at Brussels, which is a very large building, and which has
been furnished with lightning rods upon a very complete seale by Mr.
Melsens, a distinguished Belgian electrician, is literally bristling with
points. It has 228 points of copper and 36 points of iron in its system.
The lower termination of a lightning conductor requires the exercise
of even more care than its upper end, because it is less constantly and
less generally under observation, and any shortcoming or mistake in re-
ference to itis fatal to the efficiency of the rest of the arrangements,
however judiciously they may have been carried out, A faulty termina~
tion of the earth connection is, of all else, the most common and fre-
quent blunder, in relation to lightning condnctors, that is made. As
that i one of the terminations of the artificially provided conducting
track, it must be of enlarged dimensicns, as has been already explained.
1t must be in very intimate communication, not merely with the ground,
but with the freely conducting portion of it. If a moist contact can be
secured by insertion of the rope or rod into constantly damp soil, the
contact need only be large enough to diffuse what is known as the elec-
trolytic. action—that is, the chemieal disintegration of corrosive metals
at moist dontact when electric currents are operative—over a fairly ex-
tended spuce. If the contact is made with dry earth, the surfaces must
be very large indeed. The drier the material that is involved—unless it

be an extended system of continuons metallic substance, such as the-
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underground iron tubes of water and gas supplies in towns, which are
among the most efficient ground terminals that can be adopted—the
more expanded must be the surfaces of communication and contact,

It is worth while here to make a passing allusion to a fow flagrant
intances of faulty construction in the establishment of earth contacts of
lightning conductors, on account of the strength of the illustration that
dwells in such failures. In a well known case of a lighthouse at Genos,
which was injured by lightning, and which was presumed to have been
furnished with seemingly efficient protection, it was found that the bottom
of the conductor had been plunged into the interior of a stone rain-water
cistern, primarily constructed especially to keep out the infiltration of the
sea, and therefore well adapted to prevent that moist contact with the
mass of the earth which is essential to the object in view. Mr, Preece
has drawn atention to a very similar case at Lydney, in North Mon«
mouthshire, where the hollow of an iron gas tube, intended to protect
the chureh, was inserted into the substance of a loose stone that was itself
imbedded on dry pavement. One of the most sublime instances of this
form, not merely of superfluious, but of actually dangerous care, came
under the author's own observation a few years ago, when he found in the
case of a church in Norfolk, which was injured by lightning, although the
tower was furnished with an spparently sufficient conductor, that the
metallic rod wae carried through the necks of glass bottles wherever it
was attached to the masonry, and that the system of precaution was finally
consummated at the base by putting the bottom of the rod into a glass
bottle buried in the dry earth. But a few months since, the author
undertook to see to the protection of the residence of & friend in the neigh-
bourhood of Kensington Gardens, in which an exceptionally lofty house,
even for that aspiring neighbourhood, had to be defended. A sufficient
‘copper rope was brought down from an iron balustrade that surrounded
the summit of the roof, but it so chanced that this was lefi lying at the
lower end on the stone pavement of a sunk basement floor before the per-
manent earth contacts had been established, and that a thunder storm
suddenly burst over the neighbourhood while the system of protection
was left in that unfinished state. The head of the household, in the sb-
sence of his scientific adviser, was, however, equal to the emergency, He
bad the bottom of the rope carefully coiled away into the interior of &
wooden pail, determined, most probably, that if the lightning. did vome
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down the rope, it should at any rate be kept in the peil until it could be
oarried away by some competent hand. In one very instructive instance,
s house in Natal, which had been furnished with one of the author's
galvanised wire ropes for a conductor, but not under his personal super-
intendence, was injured by lightning. The house was a low-hipped strue-
tare, of one storey. The rope had been brought from the top roof ridge
which was of metal, along one of the hip angles, then down a corner
post, and buried in the ground. The lightning, however, had perversely
preferred to go down an opposite hip, where there was, so far, & metal
rod, and had then leaped through the wall, taking some iron sash weights
of a window by the way, and shattering the brickwork and doing other
demage in ite course. The anitbor went down, as soon as be had heard
of this accident, to investigate its canse; and the cause was simply this ;
the lightning conductor had been plunged into a tract of dry sand at the
corner of the house. But at the other corner, by which the lightning
had effected its own escape to tha ground, was an old pool of water that
had been filled up with earth, but was still saturated with moisture, and
still connected with ramifications of infiltrated soil. In this case the
lightning, when it struck the roof of the house, had divided itself be-~
tween the two rountes which were offered to it—the conduoctor and the dry
sand contact of insufficient area, and the wall with its stepping stones of
sash weights and its abundant wet contact beneath, The proportion of
the discharge which had taken these different routes was determined by
the gpecific resistance of each way, and in the course that involved the
leap throngh the non-conducting wall, the amount which passed was
sufficient to produce the destructive disruption which occurred. All
competent electrical engineers are now keenly alive to the automatic ele¢~
trolytic astion that is apt to take place in the earth contacts of a light-
ning conductor, and urge that it is not enough merely to construct an
efficient lightaing conductor in all its essential particulars, but that the
arrangements must ba examined from time to time, to make sure that no
derangement has taken place. Such examination may readily be effected
by making short cireuits through the conductor with the wire of & gal. -
vanometer, 50 a8 to prove by the movements of the needle that the elec-
trio path is-efficiently clear,

From the instant that an earth contact is established for s lightning
c«nduetor, 'destructive change of the surfaces of contact begins, and,
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sooner or later, the power of the conductor is materially impaired from
this cause, This action, known as the electrolytic disintegration, requires
to be constantly watched, beyond all else, and all the more because it
proceeds in a region where the conductor is removed from observation by
the eye, and it is most fortunate that such watching may be most effi-
ciently and satisfactorily accomplished by so ready and convenient a
means as the employment of the galvanometer. M. Wilfred de Fonvielle
bas indeed proposed that every lightning conductor should have an ar-
rangement of a short circnit wire with the galvanometer attached perma-
nently to it, in a form which he terms Le Controleur des Paratonnerres,
and which is so designed as to be always ready for the eye of the ob-
server. The author was once very near indeed so farnishing, st his own
cost, a proof of the material need of some test and evidence of this
character. He had supplied his own residence in the capital of Natal
with one of his galvanised iron rtopes, with the zinc tube and brush so
demonstratively displayed above, as to be a constant object of observation
and remark to his compatriots and neighbours, The finial was placed so
as to be a sort of advertisement of the enlightened practice of the
owner of the house, and a standing reproof to the negligence of those who
would not follow so excellent an example. The earth contact was very
efficiently made, by carrying the rope along the muddy bottom of one of
the streams of constantly running water, that in the old Dutch settlements
of Seuth Africa are always found fringing the streets, and during many
very severe thunder-storms, the author sat in his easy chair, priding him-
self on the completeness of his arrangements. He subsequently, however,
by mere accident, made the astounding discovery that for a considerable
length of time the tail of his lightning rope had not been trailed in the
wet mud, but was carefully packed away along a stretch of dry gronnd,
under the shelter of a thick-set hedge, that served effectually to conceal
its presence there. On some unhappy occasion, when the author was
away, the water-courses had been undergoing clesnsing snd repair by the
civic authorities, and the workmen, finding the metal rope in the mud,
had taken considerable pains to pack it away in the drier and cleaner
place in which it was ultimately discovered. If any accident from light-
ning had in the meantime oocurred to the house, this case would certainly
Lave lived in the annals of Natal, for a couple of centuries at lesst, ns 8
remarkable proof of the inefficacy of lightning rods, and the great light-
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ning doctor himself would bave been held to have brought down the
vengeance of the clouds upon his own ignorance and presumption.
The French electricians have contrived a very excellent expedient for
making an cfficient earth contact. They construct a stout harrow of
galvanised iron, with recurved teeth, connect this carefully with the end of
the csble or rod, and then bury it, imbedded in a mass of broken coke, in
moist earth. The cable or rod is conducted to a suitable site for this
terminal in channels of curved tiles, well filled with broken coke, or even
sealed up in leaden tubes, if there are ammoniacal vapours to be enconn-
tered by the way, M. Callaud has a still more ingenious and admirable
plan of effecting this purpose. He hangs at the bottom of the cable a
galvanised iron grapnel, with four upturned and four down-curved teeth,
and entangles these within a basket of netted wire, and then packs in
this basket with fragments of coke; and the basket, coke, and grapnel
are afterwards sunk into a pit or well, or buried deep in moist carth, M.
Calland prefers coke to charcoal, on account of its greater porosity and
accessibility to moisture ; and be has made some careful experiments to sa-
tisfy himself of the size which this earth terminal sbhould have. According
to the experiments of M. Pouillet and M. Ed. Becquerel, pure water con-
ducts the electrical force 6,754 million times less freely than copper, and
therefore, for free transmission, the earth contact, if effected by pure
water, should have 6,754 million times the area of the main conducting
cable or rod. This theoretical argument is, however, very materially
affected by the fact that the water in the earth contains conducting
principles of considerable power, and by other analogous considerations ;
and an earth contact of 1,000 square metres (1,196 square yards) has
been fixed by the best French authorities as sufficient for all practical
purposes for a conductor of copper, that is, one centimetre (four-tenths
of an inch) square. M. Callaud calculates that in order to accomplish this
purpose, his earth-basket must contain one hectolitre (two bushels snd
sighth-tenths) of broken coke. In order that a lightning rod may perform
its work perfectly, it is obvious that there must not be any greater resist-
ance to the passage of the electrical discharge at its earth-outlet, then
there is in the rod or main channel of the discharge. Very commonly
in badly-arrenged lightning rods, it is found that there is ten thousand
. times mors resistance at the outlet into the carth than there is in the main
rod of the conductor. When this altogether excellent expedient of M.
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Callaud’s cannot be adopted, & bore 4 or 5 inches in diameter should be
sunk 16 or 20 feet into damp soil, into which the cable should be inserted
and then the bore should be filled round the cable with broken coke, and
the whole be firmly rammed down ; or radiating trenches should be cut as
deep 8s possible in the ground, and corresponding branches from the
cable be then packed into these with an investment of broken coke. M.
Francisque Michel gives an unqualified approval to the attachments of
the lower terminal of the cable to iron service-pipes, whether of water or
ges, in towns.

In Gay-Lussac's report to the French Academy of Sciences, in 1828,
it was held that all large metallic masses contained in any building should
he brought into metallic communication with the main system of con-
ductors, and that there was no need whatever for the employment of in~
sulating supports in attaching the lightning rod to the structures that it
is intended to defend. These conclusions of Gay-Lussac's have been
generally acted upon since his time, and no very marked case has ever
occurred to stamp the practice that has been adopted in these particulars
as radically wrong. In my own practice, in the colony of Natal, I have
almost invariably acted upon them, and no single instance of ingufficiency
of protection has ever come under my notice in consequmioe of the
arrangement. The point is, however, one upon which there is now some
difference of opinion in high quarters. M. Calland, for instance, in his
recently printed treatise on the Paratonnerre, insists upon the adoption
of insulating supports for the rod, and unconditionally condemns the ele¢-
trical communication of the rod with the metallic masses contained within
the building ; and he states in one part of thut work, that M. Pouiliet has
to some extent given in his adhesion to these revolutionary views. M.
Francisque Michel, on the other hand, upon a full review of all M.
Callaud’s arguments, maintains the old doctrine that the conductor may
safoly be attached to the masonry of the building by ordinary staples or
holdfasts, or any convenient way, and that insulating supports sre of no
use whatever, and that all masses of metal contained in a building should,
as a general rule, be metallically connected with the main line of the
conductor. Professor Melsens, of the Royal Academy of Belgium,
one of the highest Belgian authorities, contends, upon experimental
grounds, thet the well-known laws of derived glectrical currents apply
with equal force to the transmissions of electrical force of high tension,
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and that scattered masses of metal in any building should be metalically
connected with the conductor by closed circuits constituted by contacts with
two distinct points of the rod. This divergence of view among high
suthorities is of notable import, because it is virtually the only material
dn.ﬁ‘e;enee of practice that is encountered in the treatment of this subject
by el qualified scientific men, and it may therefore be very readily
admitted to be an affair that yet requires a more searching investigation,
and further severe question by observation and experiment. In the mean-
time, it is of some importance that the exact bearing of the doctrine
advocated by M. Callaud should be understood. .
In illustration of his argument, M. Callaud takes the case of an iron
balcony supported in front of the window of a house at some elevation
from the ground, and considers the possible result to living men and
women contained in this balcony at the time of a severe thunderstorm,
accordingly as the balcony is, or is not, electrically connected with an
efficient lightning rod. He aigues, if the balcony is connected with a
lightning rod, a living person standing upon it, or leaning against its rail,
is very much more likely to be struck by a discharge of lightning, than if
the baleony had no such connection. In the former case the living body
is likely to be made a stepping-stone for the lightning on its way to the
rod. He holds that in the case of a lightning stroke, the chances are a
hundred to one, that a lightning rod is struck in preference to any part of
& building, but that if the conductor is faulty in any particular, and scat-
tered metallic masses are connected to it, this is tantamount to attaching
the hundred chances of danger to the metallic masses and to living people
placed near them. He says, in effect, a satisfactory and perfect lightning
rod should be so placed that it efficiently protects every part of the
structure it 1s attached to, and that if it does this, no scattered mass of
metal within the building can possibly be struck by a discharge. There-
fore connection of the rod with scattered masses of metal is superfiuons
and- useless where the rod is efficient and perfect in itself, and objection~
able and dangerous when the rod is not in an efficiently acting condition,
‘And, perhaps, the greatest force of this argument falls upon a fact which
is very earnestly pressed by M. Callaud, that a lightning rod is a merely
* passive piece of mechanism, which does not give visible or palpable signs
of its own derangement, like a clock, but which may furnisk fatal proof
of its imperfection too late, by killing the person who places unmerited and
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undue trust in its efficiency and excellence. M. Calland remarks with
some force. ‘ Lightning cannot strike & structure that is well protected.
If the lightning finds at the side of the Paratonnerre an electrical conductor
that is superior to itself, the structure is then inefficiently defended. A
Paratonnerre ought to dominate, to cover, to protect, a building in al} its
parts, and in all its details, or it is better away.”” The gist of the whole
matter, therefore is, take care that your conductor is perfect and efficient
in all its parts, and that it is in every sense adequate to the work that
it is required to do, whatever may he tho size of the building, and then it
becomes a matter of small moment whether scattered masses of metal com-
prised in the building are connected with the rod or are not connected, and
whether the rod is connected to the building by insulating or by non-
insulating sapports. M. Callaud’s conclusion, however (and it is the one
upon which he states that M. Pouillet has given in his adhesion), is sub-
stantially—* Connect any masses of metal with the Paratonnerre that are
of necessity removed from the occasional close presence of living people,
but on no account ever connect such masses with the Paratonnerre, when
they may at any time have living people in their close neighbourhood.”
Pending further investigation of this very interesting point, ‘there can
be no doubt that this distinction is a pradent and a safe one to be adopt-
ed in practice, and that it is more prudeut and more required i pro-
portion to the insufficiency of the arrangements of the conductor.
Conducting masses which are connected with the earth by less readily con-
dneting substances, occasionally give rise to a curious effect, which is
technically known as the return shock, and which is altogether a result of
inductive action. When a powerfully charged electric comes within a
moderate distance of them, an electrical charge of an opposite character is
drawn into them by indnetion, but this secondary charge escapes back to-
wards the earth the instant the inducing tension is removed. The pro-
duction and character of this retarn shock, caused by inductive action,
admits of very complete illustration by electrical apparatus. An insulated
conductor of long cylindrical form, but with its glass supports only half
the length of the glass pillar of a prime conductor of an electrical machine,
may be placed parallel with the prime conductor, but about an inch away.
The secondary conductor is then to be raised to the same height as the
prime conductor, by fixing its glass pillar upon the top of a pillar of vruod,
a fine wire being carried from the metal cylinder to the wood. A wire is
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then also to be carried from the secondary conductor to the earth, but isto
be so arranged, that a small gap may be left in some convenient part of its
course. When the prime conductor is charged positively by the machine,
the positive eloctricity of tho secondary conductor is inductively driven
out through the wire, and the wooden pillar o the earth, and the conduct-
or itself remains negatively charged. DBut when the workiug of the
machine is stopped, snd the prime conductor is deprived of its positive
chargo by a touch of the finger, the negative charge in the secondary
conductor is also set free from its condition of inductively maintained
constmin, and positive electricity leaps back from the carth to restore its
proper balance and saturation, and as it does so, is seen passing as a spark
through the gap in the earth-wire, because that gap affords less resistance
to the passage of elec(ricity of tension than the supporting pillar of wood.
If a little gun-cotton, or some other suitable inflathmable substance is
placed in the gap, it is fired by the spark at the instant of the discharge,
Professor Tyndall, in his lectures at the Royal Institution, shows the pro-
duction of this sympathetic inductive discharge in a very magnificent
form. ‘ He has a flat coil of copper-wire inibedded in a mags of insulating
resin, throtigh which he can pass the discharge of the powerful battery of
the institution, consisting of fifteen Leyden jurs; aud be has also a second
flat coil similar to the first, which he can place parallel to it and about an
cighth of an inch away, the two ends of the second coil being connected
with a wire presenting a small gap of continuity, When the discharge
of the battery is passed through the first coil, a powerful sympathetic
discharge rushes at the same instant through the secondary coil, and
makes itself manifest by a bright flash and a loud snap in the gap of the
connocling wire. The discharge of an electric cloud in this way not
uncommonly produces & number of svmpathetic minor discharges from
neighbouring bodies. The induced discharge is rometimes quite strong
enough to produce mechanical mischief in resisting bodies that lie in its
path, The shocks experienced by living people on the instant of a dis-
charge of lightning without fatal results are gonerally of this character,
It was 10 meet the case of these incidental induced charges, and the con-
gequent “ return shocks,” that the expedient of connecting scattered
masses of metal with the conductor was originally devired. The return
shock resulting from a limited inductive disturhance, may be strong enough
in some circnmstances to cause death by the mere arrest of the vital
VOL. V1~—SECOND SERIES, 3a
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action of the nerve structures throngh which it passes, without leaving
behind it any trace of mechanical violence, such e8 is generally produced
by the true lightning stroke.

The old practice of protecting buildings from hghtnmg consisted in
erecting rods of metal upon wooden framws, near to, but not in ‘actual
contaet with, the walls of the house. When the author of this article
first visited Natal in 1857, the houses in the two principal towns, that
were defended ab all, had independent conductors of this class, of the
rudest possible kind, erected by the side of the ond-storeged houses upon
ungainly wooden frames. The conductor was composed of an iram rod,
joined in three lengths, and rudely pointed above, and it was made of
three different picces—a comparatively thick one belowynnd a comparatively
thin one at the top., This practice was primarily based upon an investiga-
tion which was conteived to demonstrate that all structares lying within
a conical wpace, which had the conductor itself for its height, and a breadth
for its base equal to four times the height of the conductor, weve safe. This
estimate gives a fair approximation to a truth, but itis by no weanz abso-
lute, and must not be cmpirically relied upon,  It, however, furnishes a
very good indication of the way in which the upper terwination or ter-
minations of the rod must be arranged. The terminal point should go
some cousiderable distance above the house tops, and then il any projecting
parts of the hwuse extend beyond the surface of & line having perhaps a
somewhat more acute fizure than the one which hes been named, other
subsidiary points mast be reared up from the line of the conductor above
such conical slopes.  Mr. I’reece, in Lis paper, considers that the light-
ning conductor should only be held to afford absolute protection within a
conical spuce in which the base is as lurge again as the height of the line.
When, however, the gencral ides of the limits of this Iateral protection is

-once clearly conceived, it becowes very casy, indeed, to render the arrange-
ments of the upper terminalg perfect for auy individual case. It is only
necesaary that all prominent masses of mpetal shall be gonnected with the
system of wetallic commuunication, and that an additional branch of the
system of defence shall be carried out whenever outlying parts of the
structure get near to the conical limit of protection. This is virtually
what has been done in the case of the Hotel de Ville at Brussels, with

its terminal of 264 points,
When Sir William Suow Harris, now somie years ago, turned his atten-
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tion to the protection of ships from lightning, he devised a plan of making
the lightning conductor a part of the original design and essential con-
struction of tho ship. Now all large and well-contrived vessels aro always
built with the lightning rod included in their structure. It js almost
incredible that np to this time the same course has not been taken with
houses. It is hard to understand why lightning conductors should be
objects of exceptional luxury, and rain pipes objeets of daily nced, and
the more go when rain pipes themselves can be so easily turned by a little
forethought and mechanical ingennity into lightuing conductors of the
most efficient character ; they only need that their joints shall be made
mechanically continuous, that their earth contacts shall be perfected, that
all masses of metal, with perhaps the limitation that is contended for by
M. Callaud, shall be brought into metallic communication with them, and
that metal terminals shall be distributed from them to the roofs above,
upon the principle that has been explained: Mr. Preece has thrown out
one very excellent suggestion which well deserves further thought ; itis to
the effect that metal ventilating pipes carried up from the sewers over the
roof of the house, may advantagcously be made part of the arrangements
for protection against lightning. The familiar case of the Monument of
London is ¢entinually adduced as a proof of the readiness with which the
accidental features of a building may be turned to account for this purpose.
The metallic emllems of flame at the top of the cojumn are continuously
connected with the ground, by means of a very thick balnstrade of iron that
runs as a hand-rail down the stairs; the structare is 200 feet high, and
towers above all neighbouring buildings, and yet it has now stood within
three years of two centuries without cver having been injuriously touched
by the lightning,

It was conceived, until recently, that St. Paul's Cathedral had been
efficiently protected in some similar way by the arrangement of water-
pipes and some supplementing of them by metallic rods, added by a
Cowmmittee of the Royal Society some 120 years ago. Mr. Faulkner, of
Manchester, however, found, in a careful examination made subsequently
to 1872, that the system had become entirely inofficint for the purpose for
which it was intended, by the formation of thick incrustation of rust on
the contact surface of the rods, and by the interpolation of blocks of dry
granite, some nine inches thick in places, iuto the actual line of eleotrical
conduction. The entire building has now been most efficiently protected,

NAWLE SALAR JUNG BAMADUR
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under the skilful direction of Mr. Faulkner, by carrying eight octagonal
half-inch ropes of common wire from the Cross, Ball, and Golden-
gallery through the metal-work of the roof of the dome, and through the
metal-work and rainfalls of the lower parts of the buﬂdmg to the sewers,
where the conducting strands terminate in copper plates pegged into the
moist earth. In carrying out this work, every important metallic portion
of the building wes separately tested by the galvanomﬂter, to make sure
that the electrical communication with the earth was virtually and sub-

stantially clear. The galvanometer was first made into & cireuit with a
metallie:gas-pipe ; and then the circuit was opened out, so that earth was
made in one direotion throngh the gas-pipe, and in the other throngh the
metallic portion of the building for the time under examination ; and the
test was not considered satisfactory until the deflections of the galvanometer
were the same under both alternatives. ln arranging methodical architec-
tural plans of this kind, it must always be carefully borne in mind that
small gas-pipes of easily fusible metal must on no account form part of the
connecting lines of conducting eircuit, * Gas-pipes are most easily fused
by a stroke of lightning, and -when timy are so fused, tho gas which escapes
from the extemporised orifice is invarfably get light to.

- One point which was expressly urged by Mr. Préoce, and by Captain
Donglas Galton, in the discnssion of Mr. Preece’s paper at the Society of
Telegraph Engineers, €hould be most carefully kept in view,in any struc-
tural plan matured for the protection of buildings, namely, the inclading
of all fire-places or stoves and soot-blackened chimneys in the system of
connected construction. To adopt Mr. DPrecce’s ows statement of this
need—*It must not be forgotten that a chimney lined with a thick layer
of soot, up which a current of heated air and vloumes of smoke are ascend-
ing, and terminated by a mass of metal (the grate), is an excellent but
dangerous conductor, for it ends in the room, and not in the earth.”

Bince the first preparation of this paper, two pnmph!ets by Messrs. Gmy
and Son, of Limehouse, have come into the hands of -the author, which
are valuable and interesting, on account of the details which they contain
of a considerable series of instances of damage from lightning, Mr. W.
J. Gray, of this firm, was orginally concerned with Bir William Snow
Harris in perfecting his plan for protecting ships, and obviously possesses
a large amount of practical informstion in regard to accidents that have
wecnrred.  Space now only serves to ssy that the Mossrs. Gray endorse
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the practice of cmmectmg' all .metallic masses in a structure with the
main line of conduction, md ehpecmlly urge the surrounding of all prominent
objects, such a5 the»tops of tall chimneys and church towers, with con-
tinnoug bands ‘of copper brought down into direct connectxon with the
discharging rod, .

The great length o whxch this paper has already extended itself, alone
prevents some allusion being here made to the views of Professor Zenger,
of Prague, who advocates the nse of cxrcular zone-like or nng-—shaped
conductors, embracifig thhm théir span the objecte which are to be de-"
fended from injury. -

There is no sufficient ground for the popular idea that accidents from
lightning are of sush rare occurrence, that it is scarcely worth while to
incur the trouble and cost which artificial protection involves, The
figures of the statistician prove that accidents are very frequent indeed.
The Escurial in Spain has been set fire to four times by lightning in less
than three centuries. As many as 1,508 persons were ascertained to be
killed by lightning in France between 1835 and 1852, Some time ago
the mean number of deaths from lightning in each year was marked at
3 in Belgiums 9 in Bweeden; 22 in England; 50 in the United States
of America, and 95 in France, M. D’Abbadié records the destruction
of 2,000 sheep. by a single discharge of lightning., Mr. Preece tells
of 897 telegraph instruments injured by lightning in the first six months
of 1872, in a staff of 9,475 instruments. Mr. G. J. Symons, one of
the Becretaries of the Meteorological Society, has given, as the list of
accidents that he had ascertained to have happened during two severe
storms in June 1872, 10 deaths and 15 cases of injury to human beings :
60 houses struck and 15 burned down; aud 23 horses or cattle and 99
sheep killed. 1t need scarccly be said that many accidents also occur
every year from lightning, overand above those which get publicly spoken
of or placed on record, In large towns, damage to property is more
frequent than destruction of human life, but in the open country, des-
truction of life is the more frequent occurrence. In the face of figures
like these, and of the fact of the slowness of man to avail himself of
the ready defence which science places at his command, unfortunate hu-
manity certainly stands very much in need of the consolation which the
physiologist affords, when he tells us that all danger from lightning is
passed when the fash of the electrical discharge is scen, and when he
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further states that when men are killed by lightning, they are dead before
they have time to know anything about the fact, or indeed to be con-
seious of the fatal blow—a conclusion, by the way, which is strikingly
corroborated by an unintentional experience of Professor Tyndall’s, who
upon one occasion passed the full charge of the powerful Leyden jar
battery of the Royal Institution, by accident, through him, and was per-
fectly unconscious of any shock. 1t is something, at any rate, to have
this comfortable assurance when the sense of neglected opportunity
gomes over the mind in an exposed situation, and inan unprotected house
during a gevere thunder-storms. But it is humbly submitted, as an ap-
propriate last werd of this paper, that to men of well-regulated minds, &
good lightning conductor may, in such emergency, be found to be an

even greater satisfaction and comfort.
R.J. M.
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No. CCXLI.

SUGAR-CANE CRUSHING MILL.
[ Vide Plate XLIL]

Designed and constructed by Lurvr. J. Crissory, B.8.C., Assist,
Eungineer, Northern Division, Gauges Canal. ¢

Every Drrigation Officer, when riding through his district during the
sugar-cane crushing season, must have noticed the difficulty which the
cultivators fiud in providing bullotk power to work their Lofus ; and the
slovenly manner in which they allow the jnice, when expressed, to get
mixed with pieces of cane and other foreign matter, which are rarely re-
moved before boiling; and he must bave felt a wish to utilize the wany
small falls in our distributaries near to sugar cullivation. 1t is evidently
more cconomical andl certainly more agrecahle to the cultivator to place
the meuns of erushing and boiling his sngar in the midst of his fields and
near his village, rathur than at some large fall on the canal, to which he
would have to carry his eane a considerable distauce in most cases.

The water-wiieel and mill just erected at the Blwisdni Falls, right main
rajbaha, Northern Division, Ganges Canal, is intended to supply the want
alladed to above ; and for that reason, has been designed and constructed
in the simplest’and éheapest; manner possible, being almost eutirely made
of wood, of which a great part was obtuined {rom the canal plantations,
It was built by a country mistri, and can be kept in order by the ordi-
-pary village carpenter, whom the cultivator employs to look after his kolu
during the season. 1t must be remembered, also, that with a few simple
additions, the water-wheel is available for grinding corn, lime, &e., and,
indeed, being a cheap source of power in the heart of the villages, might
lead to muny uscful manufactures being introduced.
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The simplicity of the mill consists mainly in the fact that the shaft A
of the water-wheel, prolonged, is also
the upper roll Bswhich does away with
the necessity for complicated methods
of communieating power. The framing
C is also simple, being made trisngular,

'\%r"///—‘ \ and the adjustments 'being eﬁ'«'acted by‘
wedges D. The Indian cane is not, I
belicve, so stiff in structure as that

grown in the West Indics, and the ordi-

nary method (see Fig. 1 in margin) of
causing the cane, after passing through the first pair of rollers, to turn
up and go through the second pair, would not answer. A fluted roll E,
made of sissd wood, was therefore substituted, It is caused to revolve
by meaus of the kikar cogs driven into the main shaft at F, and answers
perfectly. ‘

Motion in the required direction is communicated to the two lower rol-
lers G, &, from the upper shaft, by the cog-wheels H, I, which are
made.of wood instead of cast-iron. Since, if a cog breaks it can quickly
be replaced, and the motion is smoother; moreover cast-iron spur-gear
of that size, would cost half the total price of the whole mill.

The cane is put into the rollers at I, being rimply 1aid on the board X,
touching the rollers which will draw it between them, It then passes
forward and through the second pair, the dry megass passing. over the
board J, and falling on the ground. The expressed juice falls’ between
the rollers and through the sheet of perforated zine K nndemea&b (which
catehes all the broken bits of cane, &c.,) on to »&her«sheet iron L, and
then into the trough M, from which it can flow into the boiling pans at
once, or can be farthar filtered if desived. The grooves § ihch deep, which
are shown at the edges of the rolls, are to prevent the j Jmoe ﬂowing out
at the bearings.

As the mill is not always working, it 'is necessary to make arrange-
ments for passing off the supply of water when not required, ¥n the case of
the Bhaiséni Fall, this was particularly difficult, as the right-Muhammad-
pur rajbaha supplies the right main immediately below the wheel, I have
not, however, shown this in the drawmg, as it woul(l render it meycea—
rarily complicated, ,

. R
F 1. 1.‘
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1 have supposed the case of a rajbaha with 2 feet 6 inches depth of water,
Fig. 8.

and & oontracted sill at the fall,
which maintains the normal velo-
city. For contracted sill, I substi-
9> tute a raised sill at the required
wb-onm-80~t de 5o 2 height above thebed. This raised

il is really a sluice gate N, which
. ~  when lifted, allows the supply to
flow away below the trough.

The bottom of the supply trough
is level with the top of this raised
sill, and therefore the trough re-
ceives the whole supply of the raj-

L)

i

i baha, as long as the raised gill is
N Sluice i standing.

This sluice is shown in the plan

as N, and a second sluice O is

also put in to enable the supply to be suddenly shut off from the wheel

in case of an accident. When sluice O is let down, it will be found that

the supply in the rajbaha will not rise too fast to allow of the sluice N
being taken out.

The sluice can be worked with a screw and whoel, (as used at Bhaiséni)
rack and pinion, or by hand, or planks can be put in.

,I’n cases where & side escape is possible, it is of course to be preferred.
o * Description.

The main shaft is made of sissti wood 18 inches diameter, bexngonul
where it forms the ater-wheel shaft,

This hexagonal ‘portion is slightly tapered to one end and reduced in
thickness at the middle, in order to allow it to pass into the spokes of the
wheel, where it is waﬁged up, and small angle pieces (a) are bolted on to
vetain it in place. The arrangement of the spokes b is shown in Fig,
1; they are sél scunﬂmg 8" x 8", and are quite stiff enough thhout
aDY croms )a‘hcmg “

The ahroudmg P, which is 18 inches deep, is made of 1} inches deodar
pllnklng,md is fastened on the spokes b, It is fixed underneath the first
pair,’ Tet igto the mond and over the third pm, in snch & manner as to
rm&m in the same plme.

VOL, V1.--SROOND BERIBS, is
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The buckets Q, of 1 inch deodar planks, are let into -inch deep grooves
Fig. 4. in the shrouding P, and the whole wheel
is kept together by twelve }-inch bolts
C, passing through the ends of the
spokes. The sole-boards R, also 1inch
deodar, are nailed on to the shronding
and buckets, in such a manner as to
leave a 4 inch 'slit at the top of each
bucket for ventilation. See Fig. 4.

The main shaft is supported on kikar
bearing pieces B, 8, which are bolted
down to a framing T, made of shisham
or bahera, and fixed firmly in the ma-
sonry of the falls.

The framing C of the mill is made
of sdl wood securely morticed, and held together by 1} inch bolts V, V.
The lower portion is imbedded in masonry to prevent movement. The
bearing blocks of the lower roll G, G, are supported on abar W, beneath
which are two wedges D, D; by means of them and the wedge above
the upper roll, adjustment required can be affected. The wedges have
bolts through them. See Figs. 2, 3, which, when screwed up, prevent
any chance of slipping.

The bearing blocks Z of the forward lower roll are carried over as well
as below the bearings, in order to prevent the roll rising, All these
bearing blocks are tongued into the frame to prevent lateral movement,
and either of the two lower rolls can be removed from the frame by eas-
ing down the wedges.

The cog-wheels are made of a block of sissti with kikar teeth dove-
tailed in, and then two iron rings are shrunk on at each end. They have
slightly tapered hexagonal holes cut in the bosses, which fit on to the
ends of the rollers. It is better not to drive these quite home in the
first instance, 8o as to allow of their being tightened up occasionally.

The sheets of iron to catch and carry the expressed juioe tor the deli-
very-trough are supported on smali angle irons screwed to the frame, so
ss to allow of their being drawn out to be cleaned, &. For the sake of
portability, t.hgy are made of light sheet-iron on & wooden frame. On
top of them are laid the sheets of perforated zine, which sre kept from
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touching by a small ledge 1 inch high. A little black lead applied occa-
sionally is all that is required for lubrication. The bearing should be
kept dry, and the surface speed of rollers onght not to be more than 20
feet per minute, or elge all the juice is not expressed from the cane.

It would be a great improvement to shrink iron collars 6 inches wide and
4 inch thick, on the water-wheel bearings, which would prevent any wear.

It would also be advantageous to cover the rolls with &-inch or {z-inch
sheet iron.* These improvements would add very little to the cost of the
nill, certainly not Rs. 50.

If any difficulty should be found in procuring sisstt wood, of sufficient
scantling to make the main shaft, it could be built up of a core of sl
wood one foot diameter, and thickened at the places required, by the ad-
tion of strips of kikar or sissd. Built up shafts like this are in common
use in many parts of the world, and withstand the effects of climate bet-
ter than solid work. This of course would necessitate the iron sheeting.
With a sapply of 14 cubic feet per second, and a fall of 4-25 from sur-
face to surface, this mill will crush one maund of cane in four minutes.

This outturn, however, depends entirely on the fall available, as the
wheel and mill are guite strong enough to crush twice that amount with
a sufficiently high head of water.

I append a list showing the woods of which the principal parts are
made.. This of course can be altered if considered necessary, but I think
those used are the most suitable.

Mill framing, sAl, | Cog-whecl bosses, sisst.
Sluice gates, » Cogs, kikar,
Wheel spokes, » | Bearing blocks, "
Framing to support, ” Wedges, "
Wheel, any wood not likely to bo affect: Shronding, deodar.

ed by dry rot. “Bole board, "
Shaft and roll, siss6, | Buekets,

Memorandum by Executive Engineer.

The wheel, which was made by Mr. Clibborn as an experiment, was
8ot up at the Bhaissni Fall on the right main rajbaha. The discharge
being about 14 cubic feet a second, and the fall 4-25 cubic feet, the no-
minal horse-power used is about 6:2. With this nominal power, the mill
crushed one maund of cane in four minutes.

® A better plan found necessary efter last year's working, 15 to cover the rollers with kikar wood
on ond, § inches thick, dove-tailed into the yollers—this appears to wear very well,
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This year we cannot judge of the extent to which the sagar-growers
will be likely to avail themselves of it; because they had made their
arrangements for the season’s crushmg before the mill commenced to
work. From the following calculations by Mr. Clibborn, it appears that
@ great saving would be effected by its use.

The mill crushes 1 maund of cane in 4 minutes.

1 ,, ofjuicein 8 ”

Now 200 maunds of juice to the bigha is a very fair average return.
1 should say much above the average.

Therefore 200 maunds (== 1 bigha) in 1,600 minutes = 26 hours, or

including Stoppages) &C, .o cee ves vee = 30 hours
in a working season of 3 months, the mill would crush therefore > ;f) A1
= 72 bighas.

According to the following statement, which is the average of results
of separate enquiries made by the Deputy Magistrate, Ziladar, and Sub-
Overseers, which agree very fairly, and with which is contrasted the
estimate of Mr. Butt, C.S., in the Revenue Reporter, it appears that
the cost to the cultivator of crushing the produce of one bigha is Rs.
12-11-0.  As, however, this amount is never actually disbursed in cash,
and as we wish to induce the cultivators to use this mill, we should of
course fix a much smaller rate than this.

Estimate of expenditure incurred in crushing one bigha of sugar-cane by
native * kolu.”

Nazar Ali,!Zen ud-din) Abdal | yr Butt in Revenue
8ub-0 Deputy |Karim,Zil-] =
o ey, Kertmait| " Reportr,
) RS. A. D.JRS. A, P.RS, A, P,
Cutling sugar-cane in short pieces] 0 4 0] 0 14 0 0 10 6]} Mr. Buttdossnotgive
Pedia and Muthia who put cane ;hls gm upluclwy.
into press, 111 012 2 0f 2 1 O f B et 1
Miscellaneous repmrs of « kola » 1 0 00012 6/ 1 4 0/} conld dednce it.
Price of 14th, . . «/8 0 03 0 0015 0
Hu'eofbnllocks, . . {6 0 06 0 06 0 0 11 4 O
Hire of kolu and paps, .. 011 0011 O0/1 2 0 114 6
Total, /1210 0}13 7 612 0 0] 13 2 6

Average = Rs. 12-11-0.
The earnings of the mill at the rate of kolu cost = 72 x Rs. 12-11-0
= 913 in one season, ,
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One point must be borne in mind, which is, that the cost of construction
would not be increased if a greater fall of water was available, but the

ontturn would be more.

In fact the rollers and framing, for the sake

of simplicity, have been made quite strong enough for water, giving twice

the power now exerted at Bhaisani.

This mill and wheel are of the most simple construction, and could be
kept in repair by the ordinary village workmen,

. Measurements,
Deseription, No | Length, Breadch.i Depth. |Contents.] Total.
Deodar wood. ,
Shrouding, ... we o see e 21 500 s 016 160
Backiog, ... e .o . 1 270 55 01 14.8
Buckets, ... e "oe | 24 2:0 525 01 25.2
Breast-boards, ... s . L 100 60 0-16 96
Total, deodar wood, o e v 656
Sal wood,
BpokeS, . sen  we el 12| 120] 0661 025 | 23.76
Frame, e ey we ol % 80| 100} 075 2400
» v w2l 60| Y00| 075 900
» e one e | 72 5.0 0.75 075 562
» vl 1 50 1-00 100 | 500
Total, sal wood, . . we | 67-38
Shisham wood.
Shaft,  w.  wee  we  eel 1] 140 18 | 259
Rollers, ... e eue el 2 80 1.8 18:0
Fluted rollers, ... w1 8.0 05 30
Cog-wheels, wl 8 1.0 1.8 54
Framing under kikar bearings, ...| 2 120 10 1-0 240
Total, shisham wood, .uf .ee . 756
Kikar wood,
Bearings, «ov v e w2 60| 075 1.0 90
» PP oo e 4 30 0.75 10 90
» ees see s wd 2 240 075 1.0 3.0
”» o ves [N wd D e .o ves 590
Total, kikar wood,... sy ate e 26.0
Ironwork.
BOIW) &cq Voo " O oo g” 72 &} ft- oo 47 “58.
» (1} “on wee o . 24 » v | 86 ”
” e vee (3T or *: ;g »” e lgé » w 3 5
Y o e veel 1 o ==,
Tr(;;lghl &cq ow e e .‘u .o ”-u vos l’l" 10
Total, Ironwork, ... ... . s 45
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Abstract.
- Rutes.
‘Items. Quantity. T 7| Contents. Total,
RBRs, A. P.| Per,
Deodar wood, «. .. cC ft ... 70 @100 C,ft 70
Sal wood, . o gy en 701, 200 » 140
Shisham wood,.. gy e 76 4{, 180 ” 144
Kikar wood, ... T 251, 180 ” 38
Iron-work, ... e Mds, ... 451,15 0 0! Mds, 67
Labour, ... Voo s 250
Total, ... ne e " 679

Contingencies, e coe ves cor Nil.

[ ——

Grand Total, s .| 679

Note by Masor C. 8. Moxcrirr, R.E., Supdy. Engineer, 1st Circle,
Iyrigation Works, N. W. Provinces.

When I saw the mill working near the village of Bhaiséni, zila Muzaf-
farnagar, on the 20th January last, nothing could have been more sstisfac-
tory. I saw two maunds of cane crushed in 8} minutes, with a yield of
37 seers. This is just as good a result as has been obtained at Bhola with
far greater outlay and trouble.

The great point of Lieutenant Clibborn's mill is the fact of its being
built of wood, and its great simplicity. As Captain Tickell says it started
too late in the season to enable us to judge how far it would be popular,
but I have little doubt on this subject. The fame of the Bhola mill bas
spread up and down the canal, and the J&t zemindars will not be slow in
discerning & method of pressing their sugar-cane without the ruinous
wear and tear at present occasioned among their cattle.

Note by Lievr.-Cor. H. A. Brownrow, R.E.

This mill shows an appreciation of the real wants of the natives, which
is especially commendable. It can be made by any good ¢ mistri,” of
materials easily procurable, and can be repaired by a village carpenter.

Although, I think Captain Tickell’s estimate of its performances rather
sanguine, yet the saving of labour effected by this mill is so great, that
there is awple margin left for reductiou.



SUGAR-CARE CRURHING MILL, a3

An acre of sngar-cane may be taken as yielding 400 maunds of cane,
from which one-tenth, or 40 maunds, will be amount of * giir ** obtainable.
The mill crushed two maunds of cane in 8} minntes in the presence of the
Superintending Engineer, but as it is not likely to be worked at all times
with the same diligence as when on inspection, 10 maunds in the hour, or
180 maunds in a working day of 18 hours, is about as much as we can
fairly hope to obtain from it, on an average.

At this rate of working, it would crush 400 maunds in 2} working
days, and could dispose of the produce of about 40 acres during the cane-
crushing season of three months.

The cost of the mill is estimated at Rs. 680, say Rs. 700. The expenses
of working it would probably be as follows :—

Depreciation at 10 per cent., we see e e Ra 70
Interest at 7 per cent,, o0 cir wee eer wee 4 50
Water-power, e ees we s s we g 60
Repairs daring working season—
Materials, .o e e e e s e gy 2B
Labour, ... we e gy b
Establishment employed for three months e e g 30
Hive of boiling pnns, KCiyere st wee e e oy 4D
Sundries, .. .. PP 1

Tom, e Ra' 37“7

The cost of crushing 'a bigha of cane under present arrangements is
estimated by Captain Tickell to average Rs. 1275 A canal bigha being
£ of an acre, the produce of cane on it will be § x 400 maunds = 250
maunds, and the resulting amount of “gtir” will be one-tenth, or 25

msaunds. Therefore Rs. -2-—;-5 or eight annas per maund, is present cost

of turning out the crade “ gtr.”

Bupposing a contractor to lease our mill for Rs. 180 for the season, he
wonld pay us Rs. 60 for our water-power, provide for renewal of the mill
in 10 years, and pay 7 per cent. on original outlay. He would probably
inour about Rs. 120 expenditure on other accounts; and supposing him
to charge six annas per maund of “géir” turned out, he would clear (40
acres X 40 maunds x Rs, §—Rs. 300) = Rs. 800 as his share of the
profits.
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No. CCXLIL

DEFENCE AND RIVER.TRAINING WORKS OF THE
INDUS AT LUNDIL
{ Vide Plates XLIIIL and XLIV].

By GrirrIN W. Vysk, Esq., 4ssoc. Inst. C.E., M.R.A.S., F.R.4.1.,
F.G.S8., F.R.G.8., §c., Evec. Engineer, Irrigation Branch, Punjah.

Tuis paper will desoribe briefly certain measures which were adopted
during the Inundation Season of 1875, to protect the west bank of the
Indas near Lundi, when very severe erosion set in some distance above
and below the ghfit, and threatened certain bunds and canals. Various
experiments were tried, one after the other, until we succeeded in baffling
the terrific encroachment, and turned the main current from attacking a
weak and dangerous point. As these works were carried out on the
most economical principles, and at the same time highly successful, they
may be worthy of recording, and prove useful to Engineers engaged in
training these erratic Punjab rivers. An accurate survey of the river
was made, for several miles above the works, and the whole carefully
studied and gone over in & boat, all contortions, bends, angles, natare of
banks, and soundings were shown. Velocities were also taken wherever
practicable, The erosion lines were daily observed and recorded, the
direction of each current and stream of the main river or creeks was
shown, and all alterations of currents noted as they oceurred. The ero-
sion went by fits and starts, when the river remained the same level. It
may be laid down as a general principle, that where the erosion is most
actively at work, there the main volume of the river is, the deepest
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soundings will be observed, the scour will be greater than elsewhere, and
the velocity more rapid. The most active erosions take place after a
freshet or flood, when the river is falling. They seldom go on when
a river is rising, and cease altogether when the floods have reached their
maximum height.

At A we commenced operations: a floating breakwater 2,000 feet
long was fixed from this point, and held by strong auxiliary 8-inch
cables, at distances of 50 feet to 100 feet apart, to anchors of tranjars
of 20 maunds each. This breakwater was twice carried away, simply
from undermining. It was subsequently considerably strengthened, and
double supports were thrown out from the flanks. Additions were made
to it, until by the end of May, it measured something over 6,000 feet in
length, The fascines which composed the floating breskwater, were
made on the high bank, and then rolled into place. They measured 25
feet to 50 fect in length, and 8 feet to 12 feet in diameter, they were
corded and interlaced throughout. Ample jungle, (7.e., brushwood) was at
hand for all our wants. A platform was subsequently formed, which with
the silt and débris of the river, made the floating breakwater an irresistible
barrier, against any action of the river, At J on the east bank, a direc-
tion spur No. 5, was thrown out to meet the carrent, to encourage the ero-
sion to eat into the soft bank to C; when this was effected, the spur No. 5,
at J was removed. The action of the main stream along this reach be-
came very extraordinary, and whirlpools of terrific force played about in
the concaves of the main current. The smaller whirlpoo! within the bay
was checked on the spur No. 8, being thrown out at an angle of 45° with
the current, and the main line No. 1 increased. The obliguity of the
thread of the stream, impelled and repelled, became too great for the con-
cavity formed by the erosion at C, and from the acute angle o/, a,’ o, it
formed on the river rising a foot, a less sharp curve C, o', 8", b, This
curve, however, was unnatural, and scouring out of the bed above J,
showed us what the river intended to do. The spur No. 8 was removed,
and one placed at No. 4, The scour increased from the east to the west
bank, and as it advanced, it carried the main stream with it. The river
rose suddenly 15 feet, and sssumed the more natural curve ¢, ¢, ¢, ¢, A%
F, the stream was eroding into the sandy shore, when a flood forced the
pent up water to take the more direct course, and from a small creek, a
channel of considerable size {discharge 12,000 cubic feet per second) was

VOL. VI~~BECUND SERIES, 3¢
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formed at I, which, however, silted up towards the end of the season.
8ilt bars GH and DE, Plate XL1V., showed themselves after the river fell,
and to prevent the river from pursuing a more westerly direction, barriers
of 2,000 feet each were run up, on the silt bar DE, and floating break-
waters hung from these. The consequence was that the velocity of the
river was 8o far decreased here, that on it rising to its maximum height
over the bar DE, silt and other débris was collected, until an island
of nearly a mile in length was formed. These spurs, and those lower
down, were now considerably increased, and strong supports and barriers
placed, with due regard to the direction of the flood current, as shown
on Plate XLIV., The total cost of these defence works was something
under Rs. 4,000.

The result of this working proved, that however erratic and treacher-
ous the Indus is, it obeys certain laws, That the concave and convex arcs
formed by the main stream, altered very considerably before, and after
and during & flood. The sharpest curve known (in the impelled and re-
pelled angle) is 15°, but the velocity will not exceed 1-78 feet per second,
and this angle will become greater, in due ratio, as the velocily increases.
The greater the velocity, the less the contortions. The Indus in flood
being 1-00 in length, the winter channel will be 1-637, or 0:637 longer.
This is the average, over the reach, under notice, and the nverlnge fall per
mile, is 087 of a font. (I confine these remarks to the sandy nnture of the
bed and banks of the Indus). Therefore, as in Plate X LIIL., when the car-
rent is as J, A, B, and the stream can be forced or enconvaged as in this case
to the point C, which formed an angle of 88°, the velocity at the time being
2-45 {eat per second, and theimpelled and repelled angle at AB, being 30°,
the current was compelled to take a different course on the velocity increas-
ing to 3:18 feet per second, as shown by the alignment of the current &', ¥,

“%. AB being held, and the bay not increasing in any way, it soon silted
up. The angle at C became greater cuch day as the velocity increased,
until it formed the easy curve from concave to convex asin I'late XL1V,,
when 12 feet per sccond was recorded. The Indus was calculated st
52,000 cubic feet per second discharge in May, and by June, &« month
later, when we had straightened the river and made all safe, the discharge
was calculated at about 3,37,000 cubic fect per second. In Plate XL11I,
the fall from C to A was nearly a foot in May; and in June, the fall
from D to B was not more, with a greater discharge. " Those great mas-
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ters in hydraulics, Frisi and Guglielmini, in speaking of rivers acting thus,
say as to their remaining permanent. ¢ If they carry substances homo-
“ geneous, such as sands: if there be sufficient fall and strength (of velo-
t ity to carry the silt and sands) on to their utinost limits; and further
s¢if the whole (alignuient) can be enclosed in the plans of the country,
¢ the -success of the undertaking will be sure.” Showing that once the
Indns is tolerably straight, it could be kept so, by means of dredging,
and defence and training works, such as I have described.*

G wW. V.

% See “ Professional Papers on Tudian Bnginooring,” No, CXXIX., on * River-Training of the
Indus, " by the same nuthor, for subsequont <eason’s working, for the sucorss ol which, Meesrs. Ivens

and Vyse received the vhanks of the Joint Sooretary o Government, Punjah, I, W. D, Irrigation
Branoh. -
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No. CCXLIII.

KANKAR LIMES AND CEMENTS, BARI DOAB CANAL.
[Vide Plate XLV.]
(SecoNp PArER).

By A. Nierry, Esq., Assist, Engineer.

Dated Gurdaspur, 20th April, 1877,
Tae knowledge of the quantity of water which, mixed with cements or
linies, impnrts to them the greatest tenacity, being a very desirable datum
not to be found in bouks, experiments have been made which have given
the fullowing rusults :—

Tance 1.
Percentage of Water jAge of R gg
Materials nsed empoyed cimens | Moean Tensle Strength |2
23
=i
1. Kankar from Batalajy
no more clenned
than the kankm ’
;‘n’eyd f:é;;::?g"";’:" 1 25 per cent. of {1 7 days | 111bs. per square inch| 4
bn‘;‘nt‘.with ‘i’m)d; ‘} weight of %«i .' month | 40, " 5
cement ground and meny, 20 months114 » » 6
sifted throngh sieve l
1.600 meshes to the
inch, i)
X y 7 dﬁy‘ 9 1 " 4
2. Materials a8 above,. .| 30 porcent., &c.,{ | I month | 62, " 4
20 months187 " » 4
X ‘ 7 days 10 " ” 4
3. Materials as above,..| 85 per cent.,&c., 5| ¥ month | 50 » ” 4
? 120 months!129 » » 4
4. Materials as above, 74d 9
v;;itb :.)hila‘ difference l . { 1 maoy:th % " " :
that the kankar wag| - 25 per eent., » i
thoroughly washed, ‘ 20 mounths} 27 » 5

i
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From the preceding table it may be inferred—

1st. That if we neglect the results obtained after seven days, the
other results show that the best proportion of water lies between 30 and
85 per cent., so if we adopt 33 per cent., or one-third of the weight of the
cement as the best, we shall have a fraction easy to remember, and which
‘will be near enough the very best proportion of water. The greater po-
rosity and consequently the lower strength of the specimens with 35 per
cent. water supports the above inference.

2nd. That when the kankar is washed as in results No. 4, the cement
deteriorates after some time. This was a very unexpected result, still it
must be inferred from it that much cleaning of the clay which surrounds
the kankar is nuadvisable,

The same kind of experiments were repeated on stone-lime and stirkhi,
and the results were—

TapLe 1L
Materlals nsed chg,;gg;;,m Age of Spe-l Mean Tensile Strength ::;‘:?
58
1. One—by measure of])
fresh stone lime
from  Dhoungoo
hills ; two—fresh
sarkbf made with
oot | 1 25 per cent. of . :
e, s L ot | L0, e praee sy 4
ime & . ] ”
been in stock for, Eﬂ"m%‘ gﬁt l 20 months.11 :: 6
four years, Mate- ¢yee
rials ground and
sifted throngh sieve
1,600 meshes to the
inch .- N
Bquare inch, J Taaps 20, ., .
2. Materials as above, , . 30percent.,&c.,% 0(1) mont}l ]5,;211 » ” 4
20 mouths specimens destroy-
ed. y
7 days 24 1bs, per square inch,| ¢
3. Materialsas above, . . 35percent.,&c.,% 2(1) monti: -'Al“ ", e 4
months specimens destroy-
ed,
] 7 days 28 1bs. per square inch,| 4
4. Materials as above,., 40percent.,&c.,{ 23 monttg ?\51 » de:troy: +
monthsiAll specimens -
ed,
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The examination of the tensile strengths after one month, given in
the preceding table, suggests also that the tenacity declines after about
83 per cent. water; but leaving aside for a moment the question of the best
proportion of water, it shows a most important fact that the first speci-
mens, the only ones which could be preserved, had almost completely lost
their strength after 20 months, This fact corroborates not only the warn-
ings of M. Dejoux against stone-lime and strkbi, but also the experience
acquired by the undersigned, who has often romarked that every kind of
specimens made with these materials, lost their tensile strength in atmos-
phere without losing their good appearance externally.

As the question of stone-lime and under-burnt sirkhi is one which
cannot be decided without most weighty evidence, because sirkhi made
with under-burnt bricks is, when mixed with lime, the cementing material
believed in by many throughout India, numerous specimens have been
made again, which will be submitted to higher authority, and tried every
year and in every way.

In the meantime, Engineers who are going to use the mixture for
important works not in water, are warned that they run some risk.
“Not in water” is said advisedly, because there is no evidence yet
that the weakening does not begin with the drying of specimens ex-
posed to air; but although the writer has no such evidence, it is his
opinion that the weakening takes place in water as well as out of it,
because sach loss of tenacity is due to the chemical action of salts present,
either in the clay which was burnt for sitkhi, or in the water which
was employed for making the masonry, or in the water in which the
masonry is laid.

This subject will be taken up again further on, but it may be as
well to state now that the specimens mentioned in Table I1. were made
and treated in exactly the same manner as the specimens of kankar
cement in Table 1., and had been kept like them in the same place in the
godown devoted to experiments, where they had been out of water for
about seven or eight months.

Further experiments on the best proportion of water were made with
stone-lime and stirkhf, both about four years old, and they gave the follow-
ing results ;==



KANKAR LIMES AND,  CEMENTS, BAR! DOAB OANAL, 381

TasLe IIL
| See
; pec
Materials nsed Peroc:;nm};):quu‘r A“gil:‘eff"' ‘Mean Tensilo Strength oy
ro-
ken
1. One,by measure stone-| |
lime to one surkhil [ 4«
' 21 1 83 per cent. of
botlt from old stock, ! weightof lime J | 1 month 23 Ibs, per square inch,| 4
cleaned, ground, and] » and sarkhi 4 19 months27 5
sifted through sieve, i nxixcau ok l < » ”
1,600 meshes to the 4
. square inch, o) . .
; , 5 v {1 1 month 123 » »
2. Materials as above,..| #ipercent., &c., 1119 months! 19 , » 9
8. Materials as above,..| #0percent, &c., § | 1T month {14 ” " 4
[ 179 months12 » ' 1

More water than in the preceding experiments was used with these
materials, on account of the age of the lime. Owing to the weakness of
the specimens, very few could be preserved for experiments, and the num~
bers which remained are not sufficient to establish means. No inference
will therefore be drawn from this table, except that the deterioration of
the specimens seemed to be less active than in the case of specimens from
Tavle II.  This is due to & much swaller proportion of pila strkhi having
been adopted.

The last facts to be adduced in favour of the go-called “ dry process " of
manufacturing concrete, are the results contained in the following table:—

) TapLr 1V.

, No.of

Specis
. Percentage of Water @ Age of Spe-* et v
Materials used | employed mens i. Mean Tensile Strength 1:]1:;1.5
t

|
ken

i
25 per cent, of l | month 1161 bs. per square inch,

weight of cc- V{6 months 275 " .
ment, year |82 » "

1. Kavkar from Batal!
burnt  with  aplas
cement groumd and
siftéd through sieve
3,600 meshes to the|
inch,

i
2. Matorials as above, s
i
)
l
S

;oo

the spevimens were
made with the ce«
ment wsed for mak
ing the blocks a
Dharwal, v
3. Materinls a5 above,—
specimens mad e
with cement used
for making block:
at Kullair, .

l
!
i
f
i
t

80 per cent., &c., |2 years 1218 » » 10

l

30 percent., &c., |2 ,, 265 ” " &
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‘The results two and three given above, show tensile strengths greatly
superior to that given for Roman Cement in Molesworth’s Pocket Book,
17th Edition, namely 185 Ibs. per square inch. This, it is hoped, will
convince every one that in point of tenacity, the classification of the so-
called kankar lime fron Batala among the Roman Cements was not
misleading.  (See Mr. Highaw’s report, paragrephs 4 and 12 of No,
CCXXV., 2nd Series). ’

In conclusion of the subject which is the best proportion of water for
cements, it will be said that Colonel H. A. Brownlow, R.E., in his report
No. 21001, dated 7th August, 1875, to the Joint Secretary to Punjab
Gorvernment, Irrigation Branch, reviewing Mr. Higham’s summary of the
writer’s reports, states, paragraph 4, that ¢ the relative tenacities of con-
crete prepared under the wet and dry processes have )"et to be tested, and
any marked superiority in this respect would weigh very heavily in favour
of the stronger. As the quantity of water used for the dry procees is, as
stated in previous reports, from 25 to 85 per cent. according to the dry~
ness of atmosphere, whereas the wet process employs from 40 to 50 per
cent., it may be said that the first named process embraces in its propor-
tions the one of 33 per cent. which has been proposed in the preceding
pages. It must be remarked, however, that the wet process hus been
applied by Mr. Higham to burnt kankars, which are thought by the writer
to be richer in lime than the kankar from the Batala deposits, perhaps
rich enough for being classed among the intermediate limes. If such is
the case, (and the writer hopes that e may one day be given an occasion
of ascertaining it,) a much greater proportion of water would probably be
necessary for developing the full strength of the lime,

One important datum elicited during the experiments is, that kankar-
cement loses nearly one-third of its bulk by being mixed with a-quantity
of water equal to about one-third its weight.

It might be said that the above experiments have not been carried out
with gufficient minuteness, and that exact science has not been much bene-
fitted by them : this is admitted, but the writer of this paper has neither
the time nor the means of working for exact science. He conld do no
more than begin to rescne a complicated question from the sea of chaotic
ideas in which it is plunged, and giving to his younger colleagues a sim-
ple and practical rule sufficiently exact when applied to the materials
experimented upon, or to their equivalents. .
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Uoming back now to the subject of lime and sérkhf{, we see, by referring
to the 2nd Edition of the *“ Roorkese Treatise,” that it bases the informa-
tions given about sirkhi on the experiments of General Treussart, and
says, page 93, paragraph 96— It is only by experiment that it can be
determined what bricks make the best surkhi or puzzolanas; for, as has
been shown, an under-burnt or pila brick furnishes the best if it contains
a certain proportion of lime, while the brick should be thoroughly burnt
or pucka if it contains no lime,”

Thig advice would be perhaps excellent if we knew what the French
General meant exactly by under-burnt clay or brick ; the term is vague
as far as we are concerned. TFor instance, we have three varieties of well-
burnt bricks, the tenacities of which are different; fastidions masons might
look upon the two best varietics only as well-burnt, and the inferior in
strongth as under-burnt. This is only an illustration, but it shows how
necessary it is to be fixed on the value of a term.

The advice of the ¢ Roorkee Treatise” is completed by a warning which
i8'to be found at the end of the paragraph preceding the above-mentioned
one; it says, that ¢ the practical deduction to be drawn from some great
accidents in France, is never to employ artificial puzzolanas for any works
of importance where water charged with salt is likely to effect them.”
This warning seems to have been extracted from George R. Burnell’s
Elementary Treatise on Limes, Cements, Mortars, &e.,”” who adds—¢ It
algo showe how much care should be taken before employing new com-
pounds in works of importance, for we see that in these cases no symptom
of decay manifested itself during the first three or four years. Such want
of precaution is the more culpable in England (let us add in Iudia aleo)
where we possess natural cements of sach undoubted excellence, and where
it wonld be so easy to procure the best hydraulic limes.” ¢ Of such un-
doubted excellence” is not yet the tine expression for India, bat the
writer has no doubt that a few years more will place this fact beyond
doubt. )

As a case in point, showing the necessity of great caution, is the failure
of all the specimens made here with stone-lime and strkhi. The bricks
made in this district generally contain a good percentage of lime, because
the brick makers prefer the clays containing a small proportion of little
bits of kankar, and specks of lime are generally to be fonnd iu fractured '
bricks ; our under-burnt strkh{ made from these bricks should therefore

VOL, V1.~=SECOND BERIES. 8»
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be excellent; still all kinds of specimens made with it for the last six years
have lost their tenaocity, although- they were mede with good drinking
water from a well, and were deposited for some time either in that well
water or in canal water. Specimens made under the same conditions
with kankar-cement alone or kankar-cement and river sand, are all sound
and strong.

The morale of the above is, that on works where limestone and clay
only can be procured, only the mixtares of stone-lime and sirkhf{ which
have been tried during a sequence of years, or artificial hydraulic limes,
should be trusted. The waters which are to be nsed for mortar, the
water in which the work is to be laid, and the clays shonld be tested also,
and the presence or absence of salts likely to affect the mixture ascertained.

Ezperiments on Concrete.

Trial of specimens gave the following results :—

TamLe V.
J8]
Materials employed Percentag e o T | e ors |Mean Tensile Strongth gg
Z8

cement burnt with fpla : g 60 hs. per square
and three raw knukarfrom' weight of 80 days, iuch, ™ &

Batala washed,

Two, by measure of kankar- 30 per cent. of
mixture,

Materials as above, . . 2 years, | 157 , 5

Table IV. showing the strength of neat cement after two years to be
from 218 to 265 Is. per square inch, it follows from the comparison of
these tensile strengths to that of concrete after two years, that the raw
kankar enclosed by the cement is a source of weakness to it. This settles
the question once—Which is the best proportion of cement for eoncrete
made with the above materials? As far as they are concerned, the an-
swer to this question is obviously—The more kankar-cement the better for
the concrete. |

If instead of kankar for ballast we use a more tenacious material con-
junctively with kankar-cement, the question of what proportion is the best
will be answered by the well known experiment of filling one measure
with the ballast thoronghly soaked with water and thoroughly shaken
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down, and then finding with the help of water, the cubic contents of
empty spaces between the pieces composing the ballast, If those pieces
are broken in such a way that besides being held together by the cement
they have & chance of forming a bond, the concrete will be nearly as tena-
cions as the unbroken material.

The tenacity of red bricks on the Bari Doab Canal runs as follows :—

Mean of 6 bricks in each case.

1. Tensile strength of well-burnt bricks (colour—dark-red)==1981bs, per square inch.

2, " " over-burnt  ,, ( ,, purple =244 w

8. » ” kinghar w (» darkgrey)=327 , , o,
From which it may be concluded that red bricks are inferior in tenacity
to kankar-cement after two years, that purple bricks are about equal to it
after the same lapse of time, and kinghar bricks superior to it under the
same condition of time, but probably only equal to the cement when it has
attained its ultimate induration,

The manufacture of several thousand cubic feet of concrete in situ, gave
the following results in labour per 100 cubic feet concrete :=—

RS. A, P.
6 Ramming coolies, at 3 annas each, o . = 1 2 0
3 Mixers, at 2 annas G pie each, ... we = 0 7 6
2:5 Carriers of mixed stuff, at 2 annas 6 piecach, = 0 6 3
2 Carriers of dry materials with a lead of 100 feet,
at 2 annas G pie each, o e we = 0 5 0
§ Mason for levelling the layers before ramming,
at 8 annas each,... s w = 0 3 0
1 Bhist, at 3 annas, e we == 0 3 0
1 Mate, at 3 annas, e v we o we = 0 3 0
Total labour for making 100 cubic feet concrete,... = 218 9

This of course does not include the labour for encasing the walls, which
may be done in a variety of ways.

Other details of manunfacture were as follows :—The rammers weighed
16 Ts. ; the layers, before ramming, were from 4 to 4'5 inches thick ; the
cement was burnt kankar from Batala; the ballast was over-burnt and
kinghar bricks broken in pieces from 1 inch to 2 inches in the longest
axis, to which was added the small pieces of burnt cement which the men
pounding the cement with mallets could not break.

The proportion of cement to ballast was ome to two; the amount of
water used was about 27 lbs. per cubic foot or per maund of cement;
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‘When the ballast is, as described above, 165 cubic feat materials ¢. e, 55
cubic feet cemont and 110 cubic feot ballast, are required for making 100
cubic feet conorete.

Manufacture of Natural Cement.

A large quantity of kankar-cement was manufactured in the following
manner :— . :

First, with the common native Gpla kilns, in which a good disposition
of the layers appeared to be for 1,000 cubic feet kankar as shown in the
rough sketch, see Fig. 1, Plate XLV.

The loading, burning, and picking out the well-burnt kankar from the
ashes took about nine days, at the following cost for labour :——

Loading tho kiln and plastering the outside,.. @ 12 as. per 100 cubic feet raw kankar,

Firing and watching fire, . @1, » “ »
Picking out the well-burnt kankar, L@, T, » v

Total cost of Iabour per 100 cubic
feet raw kankar, .. . == Rs. 110

These rates are the lowest ever obtained by the writer. The petty
contractors, unwilling at first to accept them, took them at last readily
enough.

Second, with wood and dpla cakes laid in the intervals between the
pieces. Mr. Higham, in his review of the writer's reports, says, para-
graph 14, that “ the method and cost of burning kankar by wood fuel has
hardly been noticed by Mr. Nielly.” The reason why such burning was
not noticed was the want of a proper occasion for burning kankar with
wood. Buch occasion was furnished by the stock of dpla cakes in the
neighbeurhood of the kilns, within a circle of 10 or 12 miles having been
soon exhausted, it became therefore necessary to use wood from the canal
forests, notwithstanding the inexperience of the writer and of the native
subordinates under him, in using wood for burning kankar.

Woods of several kinds were then employed in picces b or 6 feet in
length, and of breadth not greater then 6 or 7 inches, Bigger logs were
gplit in two or four pieces according to the size of the tree. In the in-
tervals hetween the pieces of wood, cakes of fipla were laid to belp the
wood in taking fire and burning slowly. A good disposition of layers in
kilns was found to be as shown in the sketch, vide Fig. 2, Plate XLV,

The quanty of fuel used was, per kiln, 435 mannds wood, and also 325
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Munufacture of Natural Cement.

BURNING OF KANKAR WI(TH UPLA CAKES,

VAR A

Mad paster

TN E NSO NN DTN s
60 Maunds woad and uria cakes belween pieces
e e e
p / 280 vubec feel kankar i\\
: \
I§7/ . W0 Mavnds weod and upla cakes batween preces \\:‘ =
T8 e i e e =%
¢, 875 rubic feet hankar \"L W
g / ® ‘s‘
S , AN
130 Wuunds wood and upla rakes between pieces EN
. o = sy vt oty -~ = S\ o - e c—— e e e i et et i e a7 e \ 3
¢
! $70 cubrc feet hankar \ \
145 Masnds wood and upta cakes detween pieces

BURNING OF KANKAR WITH WOOD.

Mud plasier
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(m'?j\“ X
% Layers uplin cakes on ndge

100 cubic feet kankar

2 Layers upla cakes o edgs

180 oubic feet bankuy

2 Layers uplo cakes on edge

200 cubic feel kaniar

2 Layers upla cakes on edge

275 cubic feet kankar

2 Layers upla cakes on edge
%18 cubic feel kantar

2 Layers upla cokes on edgz
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cubic feet tipla, so as to make about 50 maunds of fuel per 100 cubio feet
kankar. Upla weighs about 20 maunds per 100 cubic feet.

The weighiug of wood, loading kiln, burning and picking out the well-
burnt kankar, took about 15 days, all the fuel being thoroughly dry as it
ought tobe. A peculiar feature of these kilns is, that the wood must be
first of all converted into charcoal, and slowly burnt as such; so any
tendency of the wood to burst into flames must be well checked, and the
free entrance of air in the kiln prevented by plastering. The cost of labour
ig—

Loeding and plastering the outside, .. (@ 12 as. per 100 cubic feet raw kankar,

Firing aud watching fires, .. @ 1

Picking out the well-burnt kankar, .. @ 11

n ”» » »

2 » ” 12

Total cost of labour per 100 cubic
{eet raw kankar, == Rs. 1-8.6

The percentage of under-burnt is variable and generally large, owing to
the want of homogeneousncss in the raw material,

The denomination of kaukar-cements adopted in this, and in previous
reports for the Batala, and several other burnt kankars, has been objected
to, and the suthority of Rankine is brought forward in support of that
objection. The *revised fifth edition” of Rankine’s Manual of Civil
Eungineering has been consulted, and the quotations brought forward in
favour of the cbjection must have been omitted in the above-mentioned edi-
tion, as they could not be found in it.* "What was found was, at page 369,
the following definitions of cements: ¢ Cements produced from stones
containing from 40 to 60 per cent. of silicates, which do not slake, and
which harden quickly under water.” Our so-called kankar-lime corres-
pond exactly to the above definition, as it may be seen by referring to the
analyses by Mohr’s process in one of undersigned’s previous reports; the
Batala kapkar-cement does not slake, and the setting activity of this
oement is 8o great, that it begins immediatcly after mixing it with water,
so the mason who uses it, and to whom it is served ground dry, must be
carefully warned not to mix with water more than he can lay at once in
the work. This is precisely the reason why the term cement is again
advocated, because the writer wants by teaching a new and correct term
1o the native mason, teach him at the same time a new and correct way

NAWLE SALAR GUNG BAHADUR
* The quotation telativa to the practical test was found afterwards. It may be snawered to it
that if Rankine had known the extramely simpls means of analyeing snd classifying proposed in
tlhiese pages, s wonld not have recommended such unsafe guides as finger tosts to scientific men,
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of treating the cementing material to which the term is applied, and im-
press upon his mind that this kind of chiina called cement, loses its value
if allowed to harden even for ten minutes in his mortar box before it is
laid in the work.

As stated in a previons paper, it is admitted, however, that many burnt
kankars may be classified among the hydraulic limes and treated as such,
but many also of the burnt kankars are quick-setting natural cements of
more or less ultimate strength; and it will be a great gain to call them
50, because the mode of mixing them with water on the works is different
from the mode adopted for bydraulic limes.

Ezperiments on Artificial Iydraulic Limes.

Experiments on these limes were undertaken with the view of restoring
cementing strength to a large stock of old lime and old under-burnt sérkhi,
the actual tensile strengths of which are given in Table III. Sample
cakes were manufactured with the materials well ground and sifted through
sieve 8,600 meshes to the inch, and in the following proportions ;e

First—1 part in bulk of stone-lime to 1 of strkhi.

Second—2 ” » n to 3 ”
Third—1 » ) ” to 2 ”
Fourthe1 ” " . to 4 »  for puzzolana.

The above specimens were burnt in a flame kiln fed with wood, and
produced in each case three kinds of burnt cakes, namely :—
One under-burnt kind of a light pink colour.
One well-burnt of a light straw colour,
Oue over-bumnt of a grey colour.
The under-burnt and over-burnt were tried and gave bad results.
The results given by the well-burnt samples are —

"

TasLe VL
Materials employed I“e of gp,emm.} Moan Tensile Btrength No. of Speei.
1. 1 stonelime to 1 strkhi, ..| 14 months, | zams.pusqmmch 8
2. n » 08 . ” ’, » " b
3 1 to 2 " i 58 n " b
4 8 puzmhna to 2 old stone- ] -
6

, . .o e ”»
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If the second result of this table is compared to the first result in Ta-
ble IIL, it will be geen that re-burning has imparted to the mixture of
old stone-lime and pfla séirkhi a strength more than double the strength
given in Table III., result first, and hes probably imparted to it a chance
of longevity. The hydraulic activity and the rapidity of indaration of
these samples being slow, their tenacity was not tried for several months.
As the cost of manufacturing artificial hydraulic limes, without mechani-
cal power for grinding and sifting the materials, is very great, it has been
proved in a previous report, that it would be advantageous in a pecuniary
point of view, to sell the old materials, and use kankar-cement on the Bari
Doab Canal, as long as our fast-diminishing mineral wealth in kankar
has not been exhausted by road-making.

A. N,
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No. CCXLIV.

NOTE ON PLANTING AND TENDING TREES IN ROAD
AVENUES AND TOPES IN INDIA.

By E. A. Parsicg, Esq.,, C.E, F.G.S,

Tae primary object in planting trees slong roads is to break their mono-
tony, and to afford shelter to wayfarers, but there are other considera-
tions, which, owing to the absence of well established data, are hardly
worth recording ; for instance, trees are stated to prevent accumulations
of sand and dust on the road surfacc, and to benefit wetalled roads by
protecting them from the deteriorating eflects of extreme solar heat, &e.
On most fair-weather roads, trees could with advantage be so planted as
to indicate their boundaries, and road avenues generally might in a great
measure be rendered self-supporting by a judicious selection of valuable
fruit trees, the produce of which might be farmed out on the double con-
dition of payment and tending, thus securing & fixed annnal revenue, and
a considerable saving in establishment.

1t is an open question whether avenues or topes are the more snitable,
For the former, though yielding continuous shade and relief to the eye,
are more expensive and difficult to tend, while the latter, placed usually
at every third mile, fail to divest intermediate lengths of road of a barren
and uninviting appearance, though they involve less outlay in both plant-
ing and msintenance, and afford more substantial immunity from the
sun’s rays, owing to their greater density.

Perhaps the best solution of this difficulty, where land is not valuable,
would be to adopt both avenues and topes ; each of the latter three scres
in area, occurring at intervals of five miles, could also be used as narseries,
and should be provided with one or more wells or tanks, for the double
purpose of supplying nourishment to young seedlings, and drinking water
to travellers ; the former might consist of trees planted 20 foet apart on
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both sides of the road along the centre of the berms or cesses. Where
land is valuable, the area of each tope might be decreased to 1 acre, and
in most cities topes would have to be dispensed with altogether.

The larger topes might have the dimensions 660" X 198’ = 8 acres,
and the smaller 220’ X 198’ == 1 acre, the greater dimension in each
being parallel to the road, and out of the lesser dimension, 48 feet being
roserved at the back for nurseries: thus the larger topes and nurseries
would be 660’ x 150" and 660’ x 48, respectively, and the smaller ones
220" x 150’ and 220" X 48', respectively.

It may not be always advisable to place the topes at uniform intervals
of five miles, as river or nullah crossings, or the presence of old tanks
or wells may be found more economical than any other sites, but these

" should be accepted after careful inquiry, for if the supply of water is not
constant, nothing will be gained.

A tope is also very acceptable at each bend, if it be sufficiently thick to
conceal the road beyond it, and trees might be planted in such positions
without any reference to the five mile nursery topes, and in fact the
same procedure might be adopted at each nullah or river crossing, and at
each old tank or well, but in these cases, trees enough to shelter a few
travellers would be sufficient.

Other advantages attending the planting of topes and nurseries at
every five miles are—

1. Foot passengers and carts in their stereotyped journeys of 20 miles
per diem, starting from one tope in the morning, could rest under shelter
three times during the day, and then in the evening reach the 20th mile
tope, where they could put up all night.

2. Shops would soon spring up close to the topes, and by thus mak-
ing them more attractive and frequented, would materially aid the Police
in protecting travellers, and in fact would almost make Police *surveil-
lance ’ unnecessary, as a large number of wayfarers collected on one spot
can generally take care of themselves,

3. No bettersites could be found for Inspection Bungalows and Police
Stations,

4. Beedlings from the nurseries would not require to be carried more
than 2} miles, and the road nursery and avenue establishments could at
& emall expenditure be furnished with permanent head-quarters w:thout
any detriment to their efficiency,

VOL. 1V,~—BECOND SEBIES. S
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5. Ready made sites at convenient distances would be fonnd for the
encampments of district and other officers, which is by no means an
unimportant consideration in these litigious times, when objections are not
unfrequently raised by proprietors to their topes being so occupied.

6. Very favourable opportunities wonld be afforded for studying the
growth of trees and other matters connected with arboriculture. After
the sites of nurseries have been fixed, the selection, planting, and tending
of trees will require the most anxious consideration.

1I. Sevrorion.—The most important points under this heading are
the selection of— .

1. Trees not easily snapped or broken by high winds.

2. Trees noted for longevity and maturing quickly.

3. Trees graceful in form, luxuriant in foliage, and beautiful in blos-
som.

4. 'Trees rotaining their foliage for a maximum period.

5. Trees yiclding cither edible fruit or other products valuable in the
arts and manufactures,

6. Trees of sufficient height to cast their shadows on the road during
the greater part of the day.

7. Trees with no objection to grow in any soil.

8. Trees that yield a minimum amount of litter,

9. Trees not subject to the depredations of either animal or vegetable
parasites,

10. Trees least affected by climatic changes.
11. Trees yielding good timber and fuel—this condition is, however,
hardly a ¢ sine qud non’ in avenue trees.

A very moderate acquaintance with arboriculture is sufficient to show
the hopelessness of finding to perfection all the above conditions in any
great number of trees, and unfortunately some of the most desirable
are the least suitable; thus, the ¢ Bukain’ or Persian Lilac, is & rapid
grower, highly ornamental, and yields luxuriant lilac Bowers, but it is
leafless for many months each year, is easily broken by high winds, and
furnishes a very inferior wood ; the ¢ Amaltas’ with its laburnum-like yel-
low blossoms has few rivals in point of beauty, but it is small in stature,

' though yielding & useful wood ; the ¢ Uzer’ is rapid in growth and shady
when in foliage, but when leafless is very unsightly, owing to ite being
covered with the cobweb.like habitations of some caterpillar, and its
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wood is light and perishable; the ¢ Sirris’ grows quickly and to a great
height, yields handsome foliage, sweet scented flowers, and good timber,
but its large seed-pods fall in thousands, and make a road untidy.

Due regard, however, being paid to position, soil, and purpose, enongh
trees exist for all requirements, and the extreme beauty of even some of
those just named, may, under certain restrictions, be ample apology for
their admission into the most select umbrageous society.

In the Appendices will be found details of trees—

1. Buitable for avenues only, whether in cities or extra-mural.
IL.  Suitable for both avenues and topes.

ITI. Suitable for city avenues only.

IV. Unsuitable for avenues.

The weeping willow has not been entered in any of the above lists, but
if planted along the high water mark of a river, near human habitations,
it would relieve the banks of their dull monotony.

A more general cultivation of the bamboo with its luxuriant foliage and
graceful form is recommended, as besides being a highly ornamental ad-
dition to any avenue, it yields & stem very useful for roadwork, if only
ag shafts for rammers.

11. Pranting.—Under this heading is included—

1. Sowing of seeds,

2. Nurture of young seedlings in nurseries.

3. Removing seedlings from nurseries and planting them in their
permanent positions at the roadside.

On many roads, nurseries oxisting at convenient intervals have origin-
ally been started by cither transplanting very young scedlings or by sow-
ing, and the requirements of the avennes have been met from these plots
by removing young plants as required at all stages of growth, and at
any time of the year. As a rule tho plots are thickly sown, and the
young plants packed closely together, lead a sickly existence, till ronghly
removed (without much regard to broken roots or age) and planted at
the roadside in high * thallas,” where not unfrequently they wither away:
this faie is shared by all but one of the 20 or 30 seedlings which replace
them in succession, and this the last takes root owing to the lucky chance
of having been planted at a favourable time, and to its being hardier
than its departed kin; but its trisls are by no means over, for the tem«
perature of the water allowed to collect and staguate in its mud prison
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house *“ thallah,” is raised to almost boiling point by the hot sun in July
and August, and the plant dies.

The process of replading just described is again commeuced and possibly
repeated 50 times before some exceptionslly fortunate, but badly selected
seedling, escapes these trials of infancy, and eventually for six months
each year, leads a leafless existence; useless, hideous, and stunted—a
monument of fruitless expenditure, neglect, and want of judgment.

Most of the above failures and waste would be avoided by adopting
what may be called the ¢ pot-system,” which steers clear of the evils at-
tending transplanting, and ensures to each seedling a robust youth and
manhood, by bestowing on its infancy the most tender care and attention.

That sowing leads to better results than transplanting, is acknowledged
by such authorities as Miller, Marshall, Evelyn, Emmericle, Speechly,
Lang and Yule, and the relative advantages of the two systems are thus
summed up by Dr. Geo. Henderson in a tract entitled, ¢ Arboricnlture
in the Punjab.”

Transplanting system. Sowing or Pot-system.

1. Large percentage ultimately; 1. Few trees lost.
lost.

2.  Small outlay at first. 2. Larger outlay at first,

3. Ultimate cost at least eight; 8. At most two annas.
annas & tree.

4. Largetransplanting establish-! 4. Few extra men required.

ment.

5. Transplanting must be slowly
and carefully done, and only
at certain seasons.

6. Transplanting checks growth
one season, which entails
one season longer watering
and protection.

7. Three years watering and pro-
tection required.

8. Transplanting to any distance
difficult. Can only be safe-
ly done on * charpaes.”

5. Any coolieg can lift and load
on a cart 1,000 a day, and
two men can plant out that
number at any season with-
out risk.

6. Removal in pots and planting
at the roadside does not
check growth.

7. Occasional watering from Jaly
till Beptember, and regular
watering only during next
hot weather. Protection
18 months at most.

8. Transport easy and safe to any
distance, at any season.

The best procurable seeds having been obtained with due regard to the
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rules laid down under the heading * selection,” they should be sown
in conoidal earthen pots with diameters of 9 and 6 inches at top and bot-
tom, respectively, 12 inches in height, and with holes in their bottoms, 1
inch in diameter.

The pots should be first filled with a layer, one inch deep, of broken
bricks and charcoal, to secure good drainage, and over this should be
lightly laid the best soil procurable, to a depth one inch below the top of
each pot.

The soil used should be free from saline matter and ordure of every
description: loam containing 75 per cent. of sand makes the best pot soil,
and if this cannot be foand, sand should be added till this percentage is
secured. )

The pots being thus ‘preparcd, only 10 per cent. of them should be
thickly sown with seeds, of which no two sorts should be put into the
same pot.

When the seedlings have got their first pair of leaves, and are from 14
to 2 inches high, they will be ready for transplanting into the pots, in
which they are to grow, in each.of which only one healthy looking plant
should be set, the earth round it being carefully pressed down, and water
being liberally supplied.

The young plants thus disposed of should be kept in the shade, and
constantly watered for seven days at least, at the end of which time,
those presenting a healthy appearance should be placed out in the open with

their pots in plots, con-
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The beds should now be flooded twice a week, till.all the pots are com-
pletely submerged, but no water should be let into the beds, till after
4 . u., when the sun is going down, otherwise many of the plants will
be kllled

Neither rain, nor the water with which the beds have been flooded,
should be allowed to remain in thew, between 9 A. M. and 4 p. M., and
with the view of securing the means for speedy drainage, by a simple
breach in any of the ridges, these should be built wholly above the level
of the ground.

In cloudy or rainy weather, a small guantity of liquid manure may,
when the plants are fairly established, be sprinkled on the pots at the
time of flooding’the beds.

No weeds should be allowed to grow in the beds.

The young plants having been thus carefully tended for six months,
will be about 8 feet high, and ready for removal to the roadside, and to
receive them, holes 3' x 3' X 3/, should be dug at least three months be-
fore they are required, and these holes shonld be kept flooded with water.
At the time of planting, the pots should be broken, and after the young
trees have been placed in the holes made for them, saucers 4 feet in dia-
meter, and 8 inches in depth, should be formed round them, and not the
ordinary * thallas.” Each saucer, may with advantage be enclosed by a
light frame of thorns, bamboos, or brushwood, to secure the young plant
in it, against injury from animals,

III. Texpixe.—The plants having found their way to the roadside,
about the end of September, cannot yet be left to their own resources,
but will require careful tending for several years in reference to watering,
protection from cattle, weeding, &c.

The plants should be watered occasionally to the end of September, and
regularly during the next hot season, ditch being used in preforence to
well water, as the former contains more nourishment,

The utmost care should be taken that no water be allowed to stegnate
round the trees, and also that no water be allowed to tomh the trees
during the heat of the day.

No weeds should be sllowed within the saucers as long as they are ne-
cessary, t. ¢, until the trees are at least two years old.

Pruning should be avoided as much as possible, but when necessary to
admit of the free passage of  traffic, it should be done in December and
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January ; on young trees with a pruning knife, and on old trees with a
saw, the branches being removed at a distance from the
stems equal to their circumference, i.¢e., DC = circum-
ference at AB.

‘The cut should be vertical as at BC, which by pre-
venting the lodgment of water, saves the tree from
decay. ‘

The section with a pruning knife should be made up-
wards, and that with a saw downwards, care being taken
in each case to incise the bark right round in the line
of section, and to make an angular under-cut, with the
view of preventing injury to both the bark and tissue
of the portion not requiring removal.
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APPENDICES.

Arrexpix No. I.

List of Trees suitable for Avenues only, whether in Cities or Extra-Mural.

Botantosl name.

Native
name,

English
name.

Brief description,

Acacia Elata, .

Acacia Speciosa, ..

Azadarachta Indica, ..

Bambusa Arondinaces,

Barringtonia Racemo-
s, .

Bombax Malabaricum,

Seet,

Sirris or
Sirsa,

Nim,

Bans,

Caddapah,

Stmul,

Dhoon
Sirris,

?

Dead-tree.

Bamboo,

Cotton-

A tall handsome tree, yielding a
hard durable wood, used for posts
and furnitare.

A rapid and stragling grower, with
handsome foliage and sweet scent-
ed flowers. Yields good timber,
used for naves of wheels, pestles,
mortars and fuel, Its seed-pods
when falling muke a road untidy.
Matures in 20 Zears with a dia-
meter of 18 inches,

Grows well and quickly almost any-
where, with beautiful and shady
foliage. Il attains abeight of from
40 to 50 feet, with a diameter of
from 20 to 24 inches, Its timber
though brittle when dry, is much
used on account of its fragrance,
for native door-frames, and on ac-
count of the fine polish it bears
for joiner’s works. The lcaves
and bark are nsed medicinally.
1ts white flowers aré highly scent-
ed, and frow its bead-like yellow
fruit, oil is extracted, said to be
fatul to lice. It matures in 50
years,

This growth is too well known to
require description.

Yields rose coloured showy flawers,
and a closs grained wood, used in
house-building, oart framing, and
for railway sleepers,

This noble rapid growing tree is
leafless for some m:.‘bh s
and matures in 100 years, with a
diameter of 40 inches. Its wood.
is only used for packing cases, tes
chests, and camel tranks, and from
its sntire frunk, pome of the largest
sud safest canoes are scooped oot.



NOTB ON ILAXTING

Botanjoal name.

Cas\m'ina Maricata,

Cedrela Toons,

Conocarpus Latifoling,

Cupressus Tornlosa, ..

Dalbergia Sissoo, ..

Ficus Elastica,

Ficus Indica,

.

Ficus Religiosa,
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Native
nume.

" English
name.

Briet description,

Toon,

Bakli,

Dceodar,

Sissi or

tree,

Burgud,

Pipul,

Shishamm,

Tenasserim
Fir-tree.

Bastard
Cedar.

Caoutchoue IndianRub-

ber tree,

Banyan,

Popalar-
Jeaved Fig.
tree.

Grows almost any where, but with
great rapidity iu sandy soil, 1Is
hauvdsome, large, fir-like, ve
shady, and yields a strong, sti
tituber.

Prefers sandy soil, and is a large,
sightly, shady tree. The timber
bears 1 bigh polish, and is a good
substitute for Mahogany in the
manufacture of furniture. The
bark is a good sabstitute for Per-
uvian bark,

A large showy tree, whose timber is
much used for axle-trees and care
ringe shafts.

A handsome lofty tree, yielding good
timber, though unsaitable  for
building purposes till well seasone
ed, as when first felled it contains
a large amonut of turpentine,

Grows well any where and very ra.
pidlv. A strikingly beautifui and
large tree. Wood stroug, durable,
closesgrained, aud mach used for
furniture, Muatures in 80 years,
with a diamecter of 18 inches,

A fine largo very shady tree.

One of the best Indian trees for
avenues, a8 it covers more area in
a given time, than any other tree,
This ix the ¢ fig-tree ”” of Milton’s
Paradise Lost. Its timber is
chiefly useful under water for
well-curbs, &ec., and the woogl of
its hanging roots is used for
yokes, tent poles, &c.

A fine avenue tree growing any-
where, attains & great size, and is
very handsome, aud shade-giving.
Its wood is used by the natives
for the frames of carts and for
door-posts.  Owing to its sacred
character ome or two might be
planted near each well intended
for travellers,

VOL, Vi,~8ECOND SRRIES,

SF
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Botaunical name,

Native
name,

English
name.

Brief deaoription.

Ficus Venosa,

Gurelina Arbores,

Guatteria Longifolia,

Hardwickia Binata, ..

Inga Lucida,

e

Lagerstracmia Regine,

Michelia Champacas,..

Mimusops Elengi, ..

Neuclea C&dnmba, e

Nauclea Parviflora, ..

Pakur,

Gomar,

Fed

Asoka,

Aunchs,

Ta-myen,

Yarul,

Champa,

Bakula,

Kuddamn,

Vein-leav-
ed Fig-tree.

Iron-wood-
tree.

A handsome tree with lots of shade,
“well worthy of more extensive nse
in avenues.

A large straight tree bearing hand-
some fHowers. Its wood is used
for carringe-panels, pulkis, &c.

A bandsome tree, with beautiful
foliage and dense shade. It Yyields
a wood used for drum cylinders
only.

An elegant, tall, erect tree, yielding
a wond used for posts, piles, and
for ornamental tarnery,

A rapid growing tree attaining a
great height, with magnificent
shady foliage and sweet seented
blossoms. 1t yielda the ivon-wood
of Burmah,

A large tree, very ornamental when
covered with luxuriant purple
blossoms. Its timber is wmuch
used for boats, carts, house-build-
ing, &ec.

A large tree with handsome foliage
and flowers, attaining in places s
girth of 50 feet. Itz wood takes
a besutifal polish, and makes
handsome tables.

A very ornamental tree, noted for
beautiful foliage and fragrant
white fSowers. The wood takes
a goud polish, and is wsed for fur-
niture and house-building,

A tall fine looking tree with or-
nnge coloured blossoms, some-
times reaching 80 feot in height
aud 12 feet in girth, s wood is
used for furmiture and building

purposes,

A large tree yielding a fine-grained
wog(;‘. uws for ing irlnnka,
packing boxes, and cabipet pur-
poses,
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Botanical name,

Native

Buglish
name,

Briet doscription.

Pongamia Glabra,

Pterocarpue Marsu-
piam, .

Pterospermum  Aceri-
folium,

Roxbur-

e

Putranjiya
ghii,

Sonneratia Apetala, ..

Terminalia Belerica,..

Thespesia Populnea,..

Kurunj,

Bejasal,

Jeapota,

Khoura,

DBahira,

Parus,

Portia-tree.

Attains the height of 40 feet, with
evergreen shining foliage, Its
wood is used for solid wheels and
fuel. Itsbonghs and leaves make
good manure.

A beautifollarge tree, yielding wood
much used for carts, house-build-
ing and railway sleepers.

A lofty, handsome, ehady tree. Its
wood is as valuable as Teak,

A large and shady tree with straight
erect trunk. Its weod is well
suited for turning,

A large and elegant tree. Its wood
is used for beer and wine packing
cases, and for rough house-builds
ing purposes.

A very large tree, with a straight
trunk and spreading head, yield-
ing flowers with a peculiar offen-
sive smell, Its timber is not
used in carpentry.

A handsome tree.  When produced
from cuttings, it grows rapidly,
but yields a bollow trunk fit for
firewood only ; when produced
from seedlingw, its wood is com-
pact and strong, and fit for gun-
stocks and furniture,

- HAHADUR,
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Arrexpix No. II.

List of Trees suitable for both Avenues and Topes.

Botanical name,

Drief deseription,

Artocarpus  Integrifo-
lia, .

Artocarpns Lacoocha,

Baseia Latifolia, ..

Dillenia Speciosa, ..

Emblica Officinalis, ..

Feronia Elepbantum,

|

Native } English
natpe. 1% nawme,
Kantual, }Juck-tree.

!

: Burhul, : Monkey-

t

]
P
H
!
i

Mahwuh,

Chulta,

Aonla,

Jack.

A mpi‘d grower, handsome, and at-

taining & great size.  Its frait is
much esteemed bg the natives, and
its wood is used for furniture, mu-
sical instruments, &ec.

Yiclds an orange coloured edible

frujt, and a woed much used for
the constraction of canoss. From
its roots a yellow dye is obtained.

Likes a dry soil on table land, and

attains a large gize when detach-
ed. Its white sweet-scented flow-
ers are dried and eaten, and from
its fruit, & valuable spirit is ex-
tracted, and also 4 much used oil,
It attains a height of from 50 to
60 fect, with a diameter of about
4 feet, and its hewrt wood i
hard, close-grained, heavy and
durable,

Tndian Dil-! A tall ornamental tree, with latge

lenia.

fragrant white flowers, It yields
a sub-acid edible fruit, and a wood
much used for building and for
gun-stocks.

A large ornsmentel tree, yielding

the ‘ Myrobalan * £roit, and a dur-
able wood used for gun-stocks,
furniture, boxes, &c. It is useful
for well-curbs, s it does not de-
cay under water.

Kaitha, Woodapple A tall handsome tree, yiolding o

hard-shelled edible fruit.  From
the bark is mannfactured ¢ East
India Gum Arabic’ Jts wood is
hard and compact, and is used for
building, for carts, and also for
railway aleepors.
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v

Brief desoription.

Nati EngHsh
Botanical name, n:m‘: ::m:.
Ficus Glomerata, ,.] Goalur, {Glomerated
Fig-tree.
Mangifera Indica, .. Am, Mango.
Syzvginm Jambola- Jamain, ?
nna, .
Tamarindug Indica, .. Imli, Tamarind,
Hulda, ?

Terminalia Chebula,..

Wide spreading and shady. De-
lights in moist soils, and yields
an edible fruit. Its wood is dur-
shle nunder water, and is much
nsed for well-curbs, but is useless
for other purposes.

Does not thrive in wet clayey soil ;
wide spreading, handsome and
very shady,  Yields a well-known
edible fruit, and its wood though
weak, and inferior, is mach used
for planks, door-frames and fur-
nitore.

Thrives best in rich sandy soil.  Is
& tall, handsome, stately tree, and
yields a much prized plum-like
fruit. The wood is very durable
nnd,er water, and is also used for
fuel.

Grows anywhere, though very slowly.
When full grown, is one of the
handsomest and largest trees in
India, and yields a marketuble
frait, and valuable wood, nsed for
brick-hurning, and the manufac-
ture of charcoal, Neaches mata-
rity in 200 years, with a diameter
of 20 inches.

A beantiful, lofty tree, with hori-
zontal branches growing iu tiers,
Its froit and galls are used by
dyers, and its wood for honse-
building purposes.
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Arrenpix No. III,

Lisi of Trees suitable for sheltered positions in City and other Avenues.

Botanics] name, !’:l‘:x‘;‘: E:;::zh
Bauhinia Variegats,.,| Kachnar, ?
Cathartocarpus Fistula,l Amaltas, | Purging

Cassia,
Millingtonia Hortensis, Angraji | Cork-tree,
Bukain,
Moringa Plerygosper-| Saijnuh, ?

ma, .o

Drief description,

This small-sized trce presents a
lovely appearance when covered
with pretty lilac flowers. Its
hard and ebony-like wood ia use-
ful for furnitore only.

Very ornamental and shady, and
truly beautiful when covered with
laburnum-like scented yetlow blos-
soms, It however, ncver attaing
a very large size, but its wood is
suitable for farniture,

. A rapid growinp handsome tree,
j  with lovely foliage, and white
scented flowers, lﬁé yields a soft
wood, useless except for fuel, ia
short lived, and is apt to be injor-
ed by storms, .

Grows rapidly into a handsome tall
«hady tree, casily broken by high
winds, 1ts wood is nseless, but
the young roote yield a good sub-
stitute for horse-radish,
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Arrexpix No. IV.

Tist of Trees unsuitable for Avenues.

Botanical name,
*

Nativo
nane.

English
name,

Brief description,

Acacia Arabica,

.o

Ailanthus Excelsa, ..

Butea Frondoss,

o

Babal, l Gum-Ara-

Urrer,

Dhak,

bic-tree.

Grows rapidly in most places, and
appears to prefer the poorer soils.
Is not very shady, and attains the
heightof from 30 to 85 feet, with
a dinmeter of 2 feet. It scatters
thorns on a road, and soon creates
a jungle from the seeds it spreads
about. Its wood is hard, compact,
and durable, and is much nsed for
carts, ploughs, mills, tent-pegs,
&ec. Its bark is used as a tan for
leather, and it yields a gum some-
what inferior to that of the Egyp-
tian thorn. It is sometimes sown
on impoverished soil, subject to
inundations, as a substitute for
ordinary crops. By the time that
silt renovates the soil, the babal
jungle is fit for selling, and the
cultivator thus derives more pro-
fit than if he had left the land
fallow.

Rapid in growth, and shady when in
foliage, but when leaficss i ve
ansightly, owing to its being fall
of the cobweb-like habitatious of
some catterpillars. Its light and
{:erishable wood is used for scab-

ards, &e.

Grows almost anywhere, and is often
chosen for avenues on account of
its deep red and ovange coloured
flowers. It is small in size, and
its gonarled wood is best fitted for

. firewood, though from its fibre is

twisted 8 very strong durable

rope. It also yields the favourite

npowder-charcoal, and from its
g:wers is manufactured & bright
yellow dye.
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Native English
Botanical name, name, e, Brief description.

Cordia Myxa, «« | Lasora, ? Thongh a rapid grower, is not a suite
able tree for avenues.

Erythrina Indica, .. | Dol Dhak,|Coral trce. | Grows to mno great height, yields
a profusion of scarlet blossoms,
and prodaces a soft, light wood,
from which toys, scabbards, &c.,
are commonly made.

Melia Azadarach, ., | Dukain, {Persian Li-| A highly ornamental rapid grower,

lac, yielding luxuriant lilac Howers,
but Jeafless for many months, and
easily broken by high winds.  lts
wood is useful for hght furniture
only.

Moras Indica, .. | Shah-tat, | Mulberry, | Large sized and rapid growing, hut

bare of leaves for several months
cach year. Its leaves are a fa-
vonrite food for silk worms, It
yields an  edible {ruit, and its
vellow compact wood is much used
for turning, and for burning par-
poses,

E. A. P.
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No. CCXLV.

GRAPHIC DIAGRAMS FOR STRENGTH OF TEAK
BEAMS.

[ Vide Plates XLVI. to L. |

By Guirvorp L. Movrswortn, Esq., Consulling Fngineer to Govl.
Jor State Railways.

Tue value of graphic diagrams for practical use is too well known to
require any remark.

The diagrams accompanying this note were suggested by Mr. E, Her-
bert Stone’s usefal book of ¢ Formule and Tables for facilitating the
Calculation of Teak Beams,” but, as in that book, separate diagrams are
employed for each span, and those diagrams involve curved lines, it
occurred to me that, by expressing the formulw in terms of the ratio of
the depth to the span, the formula might be simplificd, and one diagram
would suffice for all spans; and also that by making the scale for spans
proportional to the sguare of the span, instead of directly as the span,
the curves might be roplaced by straight lines. The diagrams were origi-
nally prepared for teak beams, but, in order to make them more generally
useful, I bave added a set of scales for other timber, and it will be easy
to construct for any other timber, not given, scales applicable to the
diagram for tesk.

I heve thought it desirable to give diagrams for beams having a
breadth one-half of their depth, as well as for those having s breadth of
two-thirds. My reason for giving disgrams of the former proportion is
because although the latter proportion is better for a beam, it is frequently
found economical to cut two beams from a square balk, which cannot be
effected with the former proportion.

Vor. vr WA B e )
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There are three descriptions of diagrams—
1. For Transverse Strongth.
2. For Stiffness,
8. For Weight.

The diagrams of transverse strength and stiffness are to be used to de~
termine the depth of the beam: that diagram, which gives the lowest
load as its resnlt, being adopted ; for a beam may have sufficient trans-
verse strength, and be deficient in stiffness, or vice versd.

The diagram for weight is intended to show at a glance how much the
1oad is increased by the weight of the beam itself ; the scale for the smaller
spans is 10 timos as large as that for the larger spans; the scale of
spans in the diagrams for transverse strength and stiffness is in proportion
to the square of the span; whilst the scale of spans in the diagram for
weight is as the cube of the span ; the diagrams for transverse strength
are based on the assumption that the load is to be evenly distributed over
the lengih of the span, with the factor of safety of 10.

The diagrams for stiffness are based on the assumption that the load,
evenly distributed over the length of the span, should not produce =
deflection exceeding 4';th of an inch per foot of span. As arule, the dia-
grams for transverse strength shonld be used for deep beams, whilst those
for stiffness should be used for shallow beams; but there are exceptions
to this rule, when the modulus of elasticity is proportionally very low in
comparison with the modulus of rupture; in such a casc the diagram of
stiflness must be used for all depths within the limits of the diagram.

In the case of the majority of timbers, there is a cortain depth at which
the formula for stiffness gives the same resalts as that for transverse
strength, I have termed this the * limiting depth,” and sbown it ap-
proximately for each kind of timber on the sheet of scales; for depths ex-
coeding this “ limit,” the diagrams for transverse strength are to be used,
and for depths below this limit, the diagram for stiffness must be nsed.

The formulm adopted in the construction of the diagrams are s
follows tmee

L == Bafo load in ibs. distributed.

8 == Clear span of beam in feet.

d = Depth of beam in feet.

b = Breadth of beam in feet.

N = Number of {imes the depth is contained in the apan == -3«:.

T == Modulus of rupture; being the bresking weight applied at the
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centre of a beam 12 inches long and 1 inch square supported
at both ends. For values of T, see Table No. 1.

¥ = Modulus of elasticity ; or that load which if applied to the centre
of a beam 1 foot long, and 1 inch square, supported at both
ends, will produce a deflection of 1 inch. For values of E, see
Table No. 2.

K, = Ooefficient of transverse strength = 0-1 (—;‘-’ )3 for beams whose
breadth = } depth.

= 01333 ( ) for beams whose breadth = £ depth.
K = Coefficient of stiffness. Sce Table No. 4.
= 02 (% ). in beams whose breadth = } depth.

= 02667 ()" in beams whose breadth = % depth.

W = Woight in ths., of a beam whose length is equal to the ~pan.
w = Weight in tbs. of a cubic foot of timber. Sce Table No. 3.
k= Coeﬁicient of weight varying with depth of beam,

NJ , for beams whose breadth is } their depth.
06667
= 5

L==8 x T . K, for transverse strength.

L =8 x E. K_, for stiffness.

W= 8%k, w.

In Table No. 8, I have given the scientific names of the timber, in or-
der to identify the character, as many species which are wholly distinct
from each other have the same popular name.

As the modulus of rupture and elasticity, and the weight of timber
varios considerably, according to differcnt authors, I have thought it de-
sirable to add tables of these data, as given by different authors, and also
those which I have adopted in the construction of the diagrams and scsles,
and in order to facilitate the calculation of disgrams for other timbers than
those given in the sheet Bf scales, I have added a table of coefficients.

Table No. 1, gives the values of T ; or modulus of rapture.

» No.2, valnes of E; or modulus of elasticity.

» No.8, weight of timber of different kinds, or w,

s No.4, values of T . K, and E . K, or the coefficients
of {ransverso strength and stiffness of different kinds of timber, multiplied
by their respective moduli of rupture or elasticity, as the case may be.

for beams whose breadthis § ,,
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TasrLe No. 1

Value of T; or Modulus of Rupture, being the breaking weight applied
to the centre of a beam 12 inches long and 1 inck square, supporied at
both ends.

Roorkee | Moles-
Adopted Ft';';’,"’",.o ymldn%o Treatiso Pr:m}?l‘o Stoney
m

J&n’ﬂh. .s e . 1124 .. 1124 .. se .
Johore heak, . P ] o 1077 o . .
Paloo, .s| Il050 s 1050 944 . .
lron-wuod (Ceylon,) es | 1040 . 994 . 1000 .
Satin wood e . 950 . 1044 870 1033 .
841, e es  es| 016 .+ |905-1150] 769-880 . .
Palmyu, . ve . 880 (X3 816 944 .. .
Bﬂbool ve .o . 880 .. . 876’8&4 .o .o
Halmhlle . 844 . 844 Z84 . .
Iron-wood, (B\mnah), .| 836 . . 36 . .
Teak, . . .o 8oo 820 . [640-820 1683814 |6g7-703 | 503
sim, . o . 760 e ' 706‘807 e v
Jlﬁk, .o . oo 750 ve 611 788 610 .o
Ash, .o . . 760 668 | 667-78 v |667-1000] 648
Neem. .o .e e 736 X s 720’753 .e e
Milille, o 733 o 112 . . .
Ebony, (Oeylon),.. . 723 . 922 . . o
Mee . 722 . 733 730 . .
Onk (menllyun,) . 670 . . 670 . .
Poo! I, .e e . 640 740 739 612 'y 65[
.abm, .. .e e 630 e e 583‘735 e ow
ﬁﬁg&my. .(Honduras,) g;;o 679 gsg " 6383‘3 pas
A o . 3 . 1
TN I B R ssi7as | 818
ak, (British,) .. .. 352-753 [855°737 | ee 1533663 | 565
Mmgo, .. X ' 592 ' o 560'68' .o .e
Chestnut, ., P 59° . 593 . 590 e
Olk, (Amﬂrian red,) 'Y 576 v 589 e P 563
Beech, .. . . $70 §19 | 500-667 se  |40066y | g1o
smﬁ 'y L o gg: o -a 3 s“ ;;6 ‘e
T, . . . 530633 1. .. 449
Deodsr, .. . . 552 . .e 4506685 .o .
(A4 s s 533 e 533 LAd L] e

el, o .. .| 800 577 . e 447 449
Onk, sne'ﬁ‘mlﬁ,) . .r 450 383‘486 489 .o ve M
Red v eeeal 450 | 443 1304-538 | .. |400-510 izg
Cedar of Lebanon, . 450 e 411 o {433-4TY :
Larch, .. o .| 400 |29B-383 |279+4sb o |A43°883 | 445
Elm, . . . 370 | 339-403 | 333-538 oo |287-306 | 261

*® There {s an order of the Punjab Government againgt the use of Cheer on aoconnt of fts Hability
to wnap snddenty,
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TasLe No. 8.
Weight of Timber in lbs. per cubic foot, or value of w.
Adopted
] Ran- koe{ Moles-
45 l o | BE10% | ying mw worth [Btoney| Cresy
w
Jarrah, (Bucalyptus Marginata,) | 763898 .. |59 e . [
Johore teak, (galoo.) e . ‘%Bz‘ . . oo |62-70]1 .| ..
Paloo, (Mimusops Hexandra,).. | +652/69f .. |68 70 v oo | e
Iron-wood, (Mesua Nagaha,) .. | 0340711 +. |72 e 1 se | we
Satin wood, (Chloroaylon Swie-

tenia,) .. .o . oo | yg50600 .. |55 6o 59 .
Sal, (Shorea Robusta,) .. o | 50600 .. |60 . |62 .
Palmyra, (Horassus Fladellifor

mis, . . . oo | 69365 .. |65 . .e .
Babool, (4caciu Arghica,) .. | 833|54] .. . . . .e
Halmilille, (Berrya Ammonilla,) | +goojso] .. |48 vl e
Iron-wood, Burmah, (Irga Xylo-

oarpa,) «. . . e | 146 . . . . .e
Teak, (Tectona Grandis,) oo | 1000l45] 46-47 | 41-55 | 42-45 | 46-54 | 37-53] ..
Sissoo, (Dalbergia Sigsso0,) .. | -865 . . oe |85 e
Jdack, (Artocarpus Integrifolia,) | 1072 o |42 42 e | e
Ash, (Fragzinus Ewcelsior,) .. | 1:000/45] 44-48 | 47 o 142-47] + |50
Neem, (Azadarachta Indica,) .. | ‘900 . v . o | e
Milille, ( Vitex Altwsima,) .. | Bo4 . |56 . e e ] we
Ebony, (Diospyres Ebenus,) .. | 625 e |71 o |74 . .
Mee, (Bassia Longitolia,) .o | 750 o |61 . . .
Oak, Himalayan, (Quercus Semi-

carpt}folia.g Y . .o X} .s .o .. .o . .o
Poon, (Calophyllum Angustifolium)| 1-316|37 35-37 | 36 . {40 .
Cheer, (Pinus Lo?ifolia,) oo | T0500|3 e . o [ 2734 e | ..
Birch, (Betula Alba,) .. oo | 10001450 39-49 | 44 oo 144481 o0 |43
Mahogany ( Smietenia Makagoni,) | 1285/ . 135 o |38 35 13553
Cocoanut, (Coeos Nucifera,) .. | 643700 .. o {70 . ev | s
Ouk, British ( Quercus Sessilifiora)

and Quercus Robur,) oo oo | *900lgol 47-62 | 43-63| .o | 4858 | go-58! 51-52
Maugo, (Mangifera Indics,) .. | 1072 . o {42 . IO BN
Chestnut, (Castanea Vesca,) .. |118g e |38 o 138 .o |41
Qak, American red, (Quercus Ru-

bra,) e . . . '958 X . o o 47 'Yy
Poplar, .. . . ee | 1183 o . . . . |39
Beech, (Fagus %yhmﬁca,) oo | 1°046(43] 39-44 | 43 o |43 . |80
Toon, (Cedrela Toona,) .. ee | 10451 . o |3t ve e | we
Spruce Fir, (4dies Excelsa,) .. |1-406 oo 13044 o0 |32 o | we
Deodar, (Cedrus Devdara,) .. | 1-364 . . ve | 31351 ev | ea
Sycamore, {(doer Pmcd;»-I’lat- .

Mwl) L X . oo [ 1°128 ) 37 ve .o 40 48
Memel, (Pinus Silvestris)) .. | 138535 29 . o | 34 134350 ..
Onk, Dantzic, ({Quercis Sessili-

ﬂora’) .., . o . '919 4449 "o ) e X e
Red Pine, (Pinus Silvestris,) .. |1325/40) 41-43 | 30-44 | . | 36-41| .. [31-41
Cedar of Lebanon, (Cedrus Li-

M‘Iﬂ,) e e ) ve 1'500 e 3t . 3o .e 'Y
{éﬂch, (Lariz Buropea,) o 1 1:323034) 30-36 | 31-35| .. |34 o | e

1m, (Ulmys Campostris,) o | 12501360 33437 ! 34 e 13436 o+ |48




412 GRAPHIU DIAGRAMR FOR STRENGTH OF THAK BEAMS.

Taste No. 2.

Value of E ; or Modulus of Elasticity, being that load which will pro-
duce o deflection of 1 inch, if applied at the centre of a beam, 1 foot long
and 1 inch square, supported at both ends.

] &
g Barl Roorkoe §
3 ow, Rankine, Treatise. E Stoney
<
] =
Jaﬂ&h, X an . {27“ Y] 2678 .o .
Johoremk, LX] oo | o . .. .e .o .o
Yaloo. o 43°° . 5625 3948 . .
Iron-wood, (Ceylon,) v+ |00 o 5072 i . .
Qatin wood, .. o+ |5200 . 6250 4163 . ..
Sal, .e . «» 14800 . §042 4309.4963 e .
Palmyra,.. . o 13799 o 6505 4904 .o .
Bﬂboﬁ‘, .. . oo 14150 .o . 41‘!'4!86 Iy X
Halmilille, o « 13000 o 2245 3836 S .
Iron-wood, (Bm'mah), «+ |4300 .o . 4283 .o
Tenk, o o+ o0 |809% 5563 | 4398-64811 3978 | .. 5589
8is00, o es ee (38000 T, . 3516-4022 | ., v
Jack, .- o o 14100 .o 4190 4030 . .
Ash, o .e 013609 3700 3333 e l3796] 3803
Neem, oo . +s |2900] . . 2672-3183 | . .
Milille, . . o |4700 . 4630-4722 . . .
Ebony, (Ceylon,) e (32000, 3248 " . v
Mee, o (3790 . 4352 3194 . .
Qak, (mealayan,) LR I . . . . .
POOn, e ve 4077 . 2944 . 391y
Cheer, .. . . . . 3642-4668 | .. .
Birch, .. ) 3600-39781 3427 . . 3807
Mazhogany, (Hondum,) . 261§ . 3604] 3694
Cocoannt, o ve . 3603 o .
Oak, (British,) «¢ o 18634032 | 2500 o 3935| 3022-3358
Mango, .. e . . . 3120-3710 | .. .
cmnﬂt, . "o o 237§ X .. .o
Gl R R
C .o . e 3119 2 v
TOO!}:, . X3 [X] .e . 3684'3568 ve ..
Spl'lwo ﬁr, X . .. 291%-3750 . .. .e
'y oo .o . . . 3205-3028 | ». .o
Sycamore, e ae ve 2167 " o .
O:;I;?l,) .;‘ic”.. . 347’9043‘852 »e ne . 2;:57
an e X 7 X ’e ) X
Rea pine, o . 4240 | 3042-3958 . 4667 3778-4259
Cedar of ubmon, . 1012 .o . .. .e
ch, Y] o s 2100 141 34’6 ‘87 5‘1834 . 3486 l427'ﬂ‘37
Elm, .. s o [3999) 14581950 | 1458-2703 v [3103] 1630




y Modulus or Values of T.K, and E.K, .

F 75 Ts Tr 1
o
E.K, |T.K, |E.K, |T.K, |E.K; | T.K, | E.K, |T.K, |E.Kg
{
]

i 39.16] 8838 112.40] 54000 14589  76.41 194~z3 112.08
'}“;mhm o | Bats 107:70 5.. 1397 .. | 18611 ..
.Polore 51-84] 8253 10500, 9600]136°29/135°84 181-44 199-20
Ir?)r(:o W 81 104-:00| 120 1349y] 169801 179.71| 249-00
S t'—w 5616174°6"7 95-00] 104+ 123-31 l47-l§ 16416 21580
S:_,m o g'ﬁ 72'78 92:60{ 96 120.19] 13584 16001 19920
1,1 - 69-14 88.00] 114 114:22| 161:33] 182:06' 23655
B“b'::z,* 4483 691y 8800 $3001114'22|117°45| 152.06, 172:23
Iiil xhli 31490 6634 8440, 6000] 109.55| B4-Gol 14584 712450
Hamill Jo4d 6571 623583'60/8600] 1o8st| 316l 14446 17845
fg:];wo% 54 62.88 Bo-00| 100 10384] 141-50] 138. 341 20750
Sisso0, + 4104 8974 '76‘00 7600 9863 54| 131-33 15770
Jack, | 44285895 82.0 03] 12960 17015
) | 3888 5B.osi 5 2o75°00/72°0 12960 149-40
N o1 3133 5y8s 73:60] 58 127418; 12033
Millls, | 5019 5645 7220  94-0 124.76' 19505
Ft;onc" 34560 565 72.320/ 640 124.56, 132.80
Moo & 39090 5675 53.65{72°20{74°0 134.76] 15335

' 52:00 67.00 . 11598 .
318¢150'30 6400 70 110.59| 14535
49:52 6300 8o 108.86/ 166.00
49°52 63-00) 72 108.86] 149-40
48:34 61'60/62°0 106.29| 128.65
4779 Go-80| 72. 105:00) 149.40
4779 60'80620 10506 128.65
4653, 5920 68 102.30] 14110
46-37 59-00| 48 10193 gq~6o
4527 57-60)  9o0- 99-53| 1 6-75
44-80 57-00 . 98-50
4'80 §7-00| 6200 98.50 128.65
4'02 §o-co| 62:0 96.77| 12863
44-02 56-c0] 650 96771 336,95
43-39 5530, 7o 95°39| 14525
4189 5336 420 9210 8713
39:30 §o00| 72 86-40{ 149:40
3851 49:00] 5400 84.67| I1az03
3537 4500 7600 77+76| 157.70
353 45°00l 2000 49960 4r.50
31 40.00] 43 6913] 8715
a1:6¢ 29°08, 37700 40 6394f 8300

| lowest result,

{is used for depths exceeding this limit, whilst the coefficient K,
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DESCRIPTION OF A LIME KILN USED ON THE
SUPPLY BRANCH, LOWER GANGES CANAL.
[ Vide Plate L1}

By W. Goob, Esq., Erec. Engincer, Bhongaon Division,

Tue kilns are meant to burn lime with firewood, and can be built to con-
tain from 500 to 5,000 cabic fect of lime each.

The expenditure of fuel is from 1,150 cubic fect to 1,300 feet tolerably
dry firewood per 1000 cubic feet of nodular kankar loaded, and lime can
be tarned out in from 4 to 5 days, including time required for loading.

The method of loading is as follows :—

Tho flues having been filled with #pla are covered over by dry bricks;
about 18 inches deep of firewood is then laid horizontally over the floor with
the dength of logs radiating towards the centre of kiln, and closely packed.
After this alternate layers of nodular kankar and wood, cach 12 inches
deep, are put in. In the centre of kiln a little pillar of «plu of about 1%
feet diameter is built up at the same time as the layers of kankar and
firewood, and a row of single logs of wood is also laid vertically all round
between kankar and side wall of kiln. The top of last layer of wood is
flush with top of kiln, and the last layer of kankar appears above it, but
as goon as firing has commenced it sinks rapidly.

All four flues are sot on fire at once at their heads, and the fire passes
on casily and quickly along the flucs to the centre, where it lights the.
pillar of wipla, and communicates through it with all the successive
layers of firewood.

As the kiln itself is built for the most part of sundried bricks, its origi-
nal cost does not exceed Rs. 2 o 8 per 100 cubic foct of its capacity. The
loading costs 8 annas per 100 cubic foet, and the ontturn in lime is from 80
to 85 per cent. of kankar loaded, the balance being underburnt or bajri.

W. G.

































