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Department,

" L] ) f
nor the force used sufficient to break the pieces ;
ing; ?,nd, however well the consolidation may be
gtices without mortar are left,

therefore the stones reccive the blow without yield-

To a mass of concrete used under a foundation, such does no harm

Rl

e TR

carried, the mortar is not distributed, and inter- |

since all strain on it is vertical and in the samo direction as the consolidation has been carried

. 'forward ; it is, indeed, a crushing force it has to withstand ; ’ A
* _the thrust is lateral, when these interstices must renflca;n?h; zrzci;rt:n v;l:ll:x?zent or revetment wall
breaking the brigk to pass through 23-inch ring, ’
ring. ' |
_ ' The results of the experiments showed that concrot o
the more it was consolidated the stronger it became ; al s: :1?:::{3: :!Z‘Z u‘i}:gzrfu:l:ty strondgcfr, and that
" " gecret on which the strength depends, for if too much water is used it cannot be :, “BcI 'dw the great
necessity for the use of concrete no longer existing in 1860, the mattor wags laid a’:;?z lbated. "flh;
assumed charge of the Sutlej bridge when I further experimented on it, of which :h" y me'tx .
the result. o ’ ich the following is
All prisms in the experiments, whether for mortar or "concrete, were made 2 inches broad, 2
inches deep, and 12 inches long. The equation used throughout for ascertaining the value’of
rupture or cobesion per square inch from the breaking weight was— s

-

' therefore, instead of
1t was broken small enough to pass through a §-inch

BxD' A
We dROLT —7

As I was seeking the valuo of transverse strength, and not s resistance to crushing
were broken with a breaking-down machine of ordinary construction. s

The balanced lever of the machine was 5 fect lorg, and was worked at 10 to 18. or 20 to 1, as
the strength of the material that had to be broken required. All prisms were broken with 4 inc’hes

between supports, which in the equation equal L ; thereforo .IEI:EE was almost universally 24 ; the

fow specimens that were slightly above or below the exact dimensions were calculated for:zccord-

ingly. A, which in the equation is o represent the weight of prism between supports, was not made
use of, a3 it was but a fraction of a Ib., for _2;@ s 053 Ibs.

the prisms

" The weight used was fine sand, which was allowed to pour very gently into a eylindrical cup

" at the end of the lever ; when tho prism broke, the sand was stopped, and the cylinder, with the

gand it contained, was weighed. The section of the knife on which the whole weight bore is
B

ghown below :—

. ' 4
This was placed on the prism in the centre between the supports by means of a template. The strain
was always applied ab right angles to the plano of consolidation.

M

-

The question of mortar was the first consideration ; yet at the Sutlej, as is generally the case
in the Punjab, there is only fat lime from the hills and kunkur ; it was not therefors a selection
from different quarries as it would have been in other countrics, but merely the selection of the best
proportions of fat lime to kunkur. I first roughly analysed the surrounding quarries of kunkur,
and found they were as nearly as pos_sible the same as I had found in the quarries in the Mooltan
jungle; and from the way in which it is ordinarily burnt, kunkur lime may be said to have about
60 per cent, of clay, with a slight admixture of sand to 40 lime,—care of course being taken that
the kunkur is well cleaned before going into the kiln, While analysing the different specimens,
" gwo were brought to me, which are worthy of notice, for they were of an entirely different charac-

ter, one from Kur ryanab, 6 miles from Loodiana, which gave the same quantity of lime as the others,
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but no sand whatever mixed with the clay. On further inquiry I found that such a small quantity
was obtainable that, beyond some trials of it, it was not allowed to enter my mortars for the
experiments. It does not go under the name of kunkur among the natives, but is called poondoo.
1t will set under water in a quarter of an hour. The other specimen was from a village called
Chullabout, half-way between Loodiana and Umballa, too far to be of any use, but I mention it here
to show that kunkur approaching eminently hydraulic lime is to be found even in the Punjab. The
analysis showed it about 61 lime to 26 sand and clay; it has some minute-shells mixzed with it.
Some specimens brought, as those from Baboon Majra, had so much sand in their composition that,
as regards lime for mortar, they could only be considered rubbish. Friends from various parts sent -
me specimens of kunkur, all of which I roughly analysed, and came to the conclusion that the
kunkur quarries adjacent to Loodiana were, on a fair average, with regard to the amount of lime
contained, <.e., that it was about 40 lime to 60 sand and clay. .

The Berhampoor quarry selected by me for the Sutlej works is situated at the foot of the hills
pear Gurshunker in the Ioshiarpoor District, as it was not only the nearest but also the most

" get-at-able of all quarries offered. The lime from the quarriesis excessively fat, yielding 95

of lime to 5 of impurities. This is the.lime which in all experiments is called F L, or spoken of
g8 fat lime. The lime having to be burnt at the quarry and slaked before starting, I was deter-
mined to make all my measurements of it as a stiff paste, having determined the following :~—
That it required 28 to 30 Ibs. of newly-burnt quick-lime, or 63 to 64 lbs. of the slaked lime as it

arrived to make 1 cubic foot of the stiff paste. )

The kunkur lime (unless otherwise mentioned) was also measured in paste, having been first
ground to fine powder as pozzuolana s, which, according to the usual classified list of mortars it ig,
and which it represents from the manner in which it was used, i.e., as an addition to tho fat lime,
to give it the nccessary hydraulic energy. The conditions belonging to the kunkur lime.were in

powder a weight of 82 1bs. to a cubic foot if the measure wasnot too violently shaken while filling,

and 1 foot of dry powder made 1 cubic foot of the stiff paste.

The prisms of mortar Table No. 1 were made in June 1864. The paste was too stiff for
mortar, yet not stiff enough for concrete ; but, as the weight of each specimen is given, it will
readily be seen to what extent they have been consolidated, and, though their relative valuo is
higher than mortar would be, yet they would each bear the same relation one to the other as if
they had been mortar. The prisms, as soon as made, were left exposed to the open air.

1t will be scen from the table how exactly the hydraulic encrgy of the mixtures follows.

11, Vicats's classification of lime.—The fat lime of course depending on its surface for its

strength, while the addition of fractions of the kunkur limes impart a certain amount of hydraulic
energy, .. . .
hydraulic lime. It is not surprising fchat, when passing the mixture that would give cement,
the mixture shows so badly since the lime was not used 23 cement is, but was mixed as mortar,
and was not allowed to sct as cement would have. The value of the different mixtures after

decrease, as would bo foreseen. The kunkur lime by itself scoms to have set its best in 60 days,

and to have lost its strength from exposure to wind and rain after ; the value of it in four or five
years would have been greater had the prisms not lost their corners from exposure, and in those
that hold a large per-centage of kunkur, the same is going on ; indeed, the same will be found in
all specimens of concrete where K L has been largely used. | | A

1 F L to 1 K L is still on the increase, and to prove that the surface had no influence on its’
strength, & prism 27X 9" had its surface rubbed off } inch deep, thus reducing the prism to

1-5” x 1-5” when it gave the same strength nearly ; the same being done to 1 FL; § K L gave
R = 230, and with F L R = 160, showing that the strength of these last two entirely depended

on the exposed surface even after five years.

Table No. 2 contains prisms of the same, w : ‘
ed for 30 days under water, and were broken the same day as those of 60 days in

-

air, were plac
Table No. 1.

-

‘and when equal quantities of each are added together, we arrive at M. Vicats's emineatly -

hich, having been exposed 80 days in the open’
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2. Vicats's Table.

The resulting lime, Lime C;‘“—* o
- ay.
Siightly hydraulic ... . 90 to 80 10 to 20
Oydraglic oo e e Ll 806070 | 900 30
Eminently. bydraulic ... e 70 to 65 30 to "33
' ‘ ‘qU to "do
Cement ... o] " About 50 150
Pozzuolana ... -+ |Aslowas ‘10 90

Lxperiments made on the adhesion of mortar in 1864

The sand of the Sutlej has ouly 33 per cent. of void after it
therefore, by the usual rule of adding 50 per cent. to the void space fo
for the sand, there is 1 of lime to 2 of sand.

The difference shown in Table No. 3 of the adhesion is,
fincness of the sand. The poondoo from Kurryana when u
adhesion per square inch after 15 days. | ‘

has been well shaken down ;
r the amount of lime required

I believe, to be attributed to the
sed a.}one 43 cement gave 7§ lbs. for

Concrete.” ‘
Talles Nos. 5 to 12 are examples of concrete comp%s?ed FLw L—
in various proportions. The addition of } cement (which was on
Loodiana) undoubtedly gave greater strength at the end of 15 days, but at th P
month or so the prisms, whether made with the cement or without it, were eVee end of the first
add the cement from a paragraph in a French work which can;e to me\a; Iwas stané' [ s Ie.d to
in Table No. 5, and, having commenced the first ones with the addition of ccmentr 1Ing the- prisms
throughout, that all might have exactly the same mortax‘; and therefore would bea ’ COnt}nued it
to the other better, I comparison one

I had found great difficulty during my experiments of 1859 in making
weight ; for, unless they wero 8o, it was impossible to compare one kind of L
since, asis shown in Table No. 4, the same material, if consolidated to g great
greater strength, and comparison is rendered useless, Aftor several experi
of consolidating the concrete, I decided on the iron-rammers in use on th
congolidating the kunkur, and having fouud that the concrete consolj ica wi
rammers weighed 120 1bs. per cubic foot when dry, all the prisms wero (:;3‘1 :Z t‘;:):t] ltCI? Wlﬂ} phose
oqual to that weight and no more. Tho weight of the same concrote when wet w ;y Pt be
cubic foot ; thercfore, ag the prisms were 4 of a cubic foot, the ‘WOighb of concre?: 44?“‘ el
cach prism was 4 Ibs. Each prism was weighed at the end of 15 days, when the el for
120 1bs., and, after five years at a dry scason of the year, they all weigh at the thOW:;' eli(’limﬂ .
per cubic foot. The quantity of concrete required for cach prism and tho amount of %1'{;}8.
tion requisite, having been thus decided on, the mould shown in drawing No. 1 wag 1 ;on‘so _lh >
tho materials for each specimen had been mixed, 4 1bs. was weighed ang cvenl : od,'“ lfn
mould the block A being put in, the mould was placed under a pile engine 'thsc': r;;;r:afmhf :
weighed 112 Ibs. and fell through 15 feet ; the blows were continued unti] ?t w;e shown tohav: :;h
prism was exactly 2 inches deop by a mark on the block A (in red). Six prisms of each k; 3
werc mado during the months of August and September 1864 ; the ¥ L. was 'allowed to s:tand lf‘n
one hour a3 paste when the K L was added to it (in paste), and the twe kinds of lime were (;r
mixed together; these were allowed to stand for half an hour, after Kogrann

S gﬂm:xd), B (brick-gravel)
artificial cement made at

the prismg of equal
material to another,
er extent, gives a far
ments on the best way
e grand trunk road for

ich the brick-graye]

- (thoroughly ﬁettcd beforehand) was added, then the sand (dry), and lastly the cement ars, or in

paste, as the quantity of sand added required.
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In examining the tables concrete it will be secn in all cases the strength has gone on increas-
ing from the first day to the end of five years and six months, except in instances where the adu.lter-
atjon in the proportjon of sand added to the lime was so much in excess as to render the specimen
unfit for exposure to alternate rain and wind. But in all cases of each specimen that had bee.n .
left in the open air for one month, and then placed under water for one year, the .st}'ength Ts
invariably greater than that which had been left in the open air for 13 months, and it is parti-

cularly the case in those specimens that have the greater amount of sand and brick added, showing

that any eminently hydraulic lime, whether it may be n ‘
pozzuolana, is quite independent of the surface exposed to the atmosphere, and that under water 1t

sets harder and quicker than if left exposed to the air even'in such small prisms as 27 x 2’.
During all these experiments I had noticed how uniform the strength was in every specime.n,

and that, after the concrete had set, there was not the slightest contraction to be detected ; it,

, ossible to construct even an arch of it, and to prove how such would

therefore, scemed quite p t an . '
‘August 1864, This arch had a very slight rise,

answer an arch, hercafter described, was made in
and was only 6 inches thick at the key. -

In November 1868, Captain Ilome, R. E, who had seen the different specimeny, and was
present at the testing of mauy of them, proposed that an arch of 45 feet span should be constructed,
and kindly procured the sanction of Government that the experiment might be tried at the Govern-
ment expense.  The result of this arch is given subscquently. | | |

Ab tho same time, that is, in March 1869, I constructed the section of a roof 1 foot wido
o3 shown in drawing No. 4, The concrete of which it was composed, was 1 F L+1KL+ 3 B,
¢hius instead of the one sand used in the arch of 45 feet span, 1 B was substxtufgej,d. O_n the piers
A A Aslayerof sand, 3 inches thick, was placed, so that f:he roof should be entirely mdepen@ent .
of the piers. The beams B B being made of sufficient weight to evercome the thrust of the arch
when loaded with a weight of 200 1bs. per square foot. It was cvenly loaded with pucka bricks
80 lbs. per square foot on the 30th day, when ¢ broke.

to . ‘
The two beams and the arch apparently gave at the same moment, and I cannot say whether

it was the arch gave first or one of the beams. ‘ ‘ } ‘
"\Vhen it broke, the beams had been loaded evenly to 470 lbs. per square foot, while the

arched part was loaded to 380 Ibs. - The beams and the arch gave when eight bricks were placed .

on the centre of the arch as it were instantaneously. | | | |
Table No. 13 is added, giving some of the various materials that were tried for concrete, but
which are not included in the series comprised in Tables Nos. 5, 4, 1, and 8. I would call

attention to No. 46 in this table ; it would seem that the fine soorkhee has given more strength

to the concrete than the brick-gravel. . \
Table No. 14is given showing the strength of cohesion of various stones, bricks, and concrete,

and the authority for the trials. -

Table No. 15 shows the weight per square inch at which cubes of 27 side cracke&, and also -

that at which they were crushed. These experiments were made if} the crushing machine at
hopoor by Mr. J. L. Watson, Executive Engineer of the Workshogs.

A report on a flat arch of 12 feet span, built in August 1864.‘ (
The arch was built of 12 feet span, 14 inches wide, segmental, having a rise of 14 inches and

Mad

¢ a depth of 6

* fystened by cement to the pucka floor ; the hagn.ches were carried 1'1p to the same height as the
z oxtrados of the key. Thirty days after completion (thfa centl"e having been struck oun the 15th
day) 21 men stood on it ; but as it did not move, and I wished it to be broken, they were told to
*.jump on it, and it b osin; X > ,
' in thickness; yet, potwithstanding it was composed of a scries of }ayers, it was strong enough,
when 30 days old, to carry more than a crowd of men as a dead-weight, light as the arch was for

L

the rise given.
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aturally so or made so by the addition of

inches at the key ; the abutments were 16 inches long, and 14 inches wide, and were

roke, disclosing the whole arch to be composed of layers about § of an inch |

I saw the fault of the layers not having joined themselves into one mass was
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- compared against the quantity, 6,290 cubis feet,

" These cracks, with the cracks on the ground also shovwn ;
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owinz to the quantity of water I haq allo
making blocks 2 x 2 and 1 foot thick, 4

¢ mass ; i rote i . Ly ‘
;):to??j:t 1: tr};fjffncx}tells too dx).', sprinkle water over it sparingly, for it wants but little s if it
that 1 ou, htpt 11 e a. xft e dr:y bnck-gra}vel over it. Dut to tel] on paper the exact consistency
ght to 1ave 18 Impossible ; practice alone can determine it. It ouzht to hav uick
sandy motion when it jg consolidated, byt ouly just ought to Le go ght to have a q
o .

Any one who wishes to use the Concrete can find out
not less than ¥ x o by one foot thick,

; therefore I tried
e In getting the whole to st in

asily by making two and three blocks

A report on the construction and festing of q concrete o y/
relk

‘ February 1569,
Span 45 feet, consisting of ap arc of 60°.

4
. ; deptl ey 3 fo
cach 10 fect in length, or a totg) length of 63 fo L% of key 3 feet, 10 .

The conercte was composed of one part of white or f,4 J;
of mortar ; oue part of ground kunkur Jime neasured dry ;
two parts of brick broken to the size of gmyl] ’

Tho cost was as follows s

built at Loodiana in

X et wide ; abutments,
¢t on the face over 3] by 10 feet wide.
me, measured wet, ¢, ¢,

one part of g
gravel, which wag wetted v

, consisting
and measured dry ; and
vell before measured.

860 Maunds of white lime, nt Rs 45‘ * kS A r.
> S 49 per 100
1,260 s of kunkur, g4 o 18 per aunds . 357 0 0°
Carting of at,, 18 per ., » e 22612 9
R S S R il
- 2,000 Brick-gravel, broken to 8ize of sma]] ravel 5 por e 20
1,260 Feet of sand, at Rs. 2 per 100 - ¥ + 26 3.5 per 10.0 - 1280 0
207 Water carriers and Beldars to pyix coxr oo #5302
. Crete, a
520 Coolics, at 2 Anuas and 6 Pjeg cach ... "% Annas cach.. 813 0
Baskets, hire of rammers, and grind-stones, cte S Lo
Y Head Maistree .., - o .. 910 4
‘ e 12 0 0
. . Cost e T
Making centre and carriage of the material necegsay st of corucrete... .998 13 3
Cost of striking centre and removing 5112 ¢ .

can aed

T 9 2

The total quantity of conereto in arch, when it w

the consolidation required 60 per cent., and the eost of tho o d loose whilo mixing, shows that

per 100 cubie fect.
The arch took 24 days to build, includi, z ab
struck 44 days after completion, no subsidence whatever wagq to be detect d
Clected,

Three month? after complctio'n, .the 45 feet, 4. e., the Portion g
with sun-dried bricks to 100 tons’; just as the Jag bricks werg 1, J0V¢ span, wag loaded evenly
giving the cracks shown in accompanying diagram, 18 placed, the arch started,

utmen .o
ents ang foundatxons. When the centre wag

It was left with this weight on it for 29 days ; when there
enlarging, an extra weight was added in the contre by build’
wag equal to 41 tons, when the arch again gave with g sip,
when the 100 tons had been placed on it, making the vertieg
just visible, quite perceptille, at the same time giving th

: - being no signs of the cracks
15 UD & solid Llock 10/ x 10’ till it
tlar starg to that which jt Lad given
1 cracks, which before had only been
¢ longitudina] crack across the key,
R tI}e diagram, ghoy most umleniab]y
lipping in the sandy soil in which )4
e 7

that the cause of yiclding was owing to the foundations g
abutments had been buil. N ‘ : :

Such had been forescen to a certain extent, and hag
abutments before the loading was commenced ; by building u
$il1 it was equal to 30 tons. TLis weight prevented the oy

been Provided against by Weigl;ing
P a square block over cach 107 X 10/
erturning of the abutments, Lyt yaq
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not sufficient to prevent the slipping. The load had been estimated by weighing 10 bricks ; but,
after the weighing was finished, a block of 100 cubic feet, 5 x 5 X 4,! built of the bricks used
in weighing the arch was built and weighed, showing the weight to be 90 1bs. per foot, for the
bricks were only sufficiently dry to handle. ' ]

As the cause of yielding was so palpable, it was no wse adding more weight. ITad the foun-
dations stood fifm, there is every reason to belicve that the great weight of half a ton nearly on
every square foot would not bave hurt the stability of the arch ; since not one single crack was
perceptible except those that must occur when the abutments‘ slip away from the thrust.

The whole weight was removed, and a shot was fired in one of the abutments on the 24th
August, that it might be tested whether the system of carrying up the work by layers, 1 inch or
so thick, would not leave evidence that the mass consisted of a 'series of layers 1 inch thick. - The

result of the blasting shows that there is not a trace of how the work had been built, The effect
of the charge was exactly similar to what it would have been had the charge been fired in solid ‘
It flew to a height of 20 ‘

rock ; only one piece of about 2 cubic feet was detachedﬁ from the mass.
feet and to a distnoce of GO feet, where it landed unbroken.

One interesting fact was brought to lizht by the blasting, namely, what is the state of mortar
in a,Jarge mass of work six months after it has been builé? The mortar, consisting of one fat lime
and one kunkur lime, is eminently hydraulic, and will set completely in 86 hours. o

The results of the blasting showed that, although the mortar had set perfectly, the concrete
was as wet as the day it was put in, and, although it was as hard as stone, had a piece been put intd
water, I do not belicve it could have absorbed one drop. The outer § inches alone showed signs
of dryness, notwithstanding the arch bad been subjected to the enormous heat of an Indian
snmmer. Ilence the necessity of using hydraulie lime in massive work, as an Indian sun is not
gufficient to dry work that {s 5 feet in from the face. . .

The experiment, I'thick, has proved that a system of consolidating concrote composed of
small materials and with little water in layers has been a success ; but in future I would always
rccoxﬁmend that brick should be substituted for the one part of sand, as in a smaller arch made
at the sawe time with the same lime, etc., but with brick substituted for the sand {making it
threc of brick instead of two), the work was very much stronger ; this arch is deseribed above.

The value of It. proved to be 2J8 per square inch, and crushed with 617 Ibs, per square inch.

The value of R. in roof proved to be 272 per square inch, and .crushed ‘with 1,022 Ibs, per
square inch. A slight crack appeared with 724 Ibs. per square inch, :

TABLE No. 1.
dortars. y
T sl LT )
HR R 3R G g
MopHE o I g g |
P A T ‘ LU -~ 0 T (Y-S Y-
Age when broken. sl I R I S ST IR (PR P Remarks.
I I IR I = B I I IO IC I o
LR R EE R R RS X
B e | o Eaa N I B I T S QR g 9
Sixty days  w.  ...[1581204/216)2571218|204 [181|166] 143|128 | The prisms were
One year... - ... |267 ... 12891302} . 1230|200|162]142(105| lof exposed in
Four years and four mohths| ... 1366|837|34518371300] ... |158| ... | 45]- the open air after
Five years and six months.| 450 | 374 {363 1379 |3011286|176{142| 99| 21 being made.
Speci qual in weight HERFERF A RERN -géj H
Pecimens equad 1 g il s Aot IR IR IRanl ISl Bl B
to a cubie foot. 2 5818123 1% cog (218

%
!
!
|
|




f et e NP IR Ay | o, e i i ] 3 il s ooy it g Rl ek Yt_ii‘i_mﬂhrﬂ"‘mv"""‘—“"*ﬁ_* -\“»“f*‘ﬂ f M\-#‘«W‘“’“"‘"ﬂ
I e s L e : e e T e A e T i ol I e
| -
’ ¢} i
. ﬂ’ 4 &
: .
(! “ |
4l Proceedmrrs of the JlIadms Government Pudlic Works Department i Proceedings of t/ze Madras Government, Public Works Department g
21s¢ July 1871. ’ ' 21s¢ July 1871.
i .
TABLE No. 2. i‘ TABLE No. 6. :
‘ dortars. 1 Concrete. 3
- ] ‘ a SR e e, 2 e e - S - ’ r%
R GCE R R w3 ; Partsofsandadded.| 1] 2| 8| 4| 5} 6| 7| 8 [to1 FL+ 1KL 4+ }cement. g
Lo B I ) [~] [ - ) ©o ‘
— +l++ | 4] + + : ‘ :
R FET U P S U T L  Remarks. Droken at 15 days ...|250|129| 94| 71| 57| 60| 56| 64| When made were left exposed to ;
N e | I O IO A o the open air.
all Rall Rall Rl BN "R E*H EoR Rl B9 » at30 . ..1839|149(128121|113| 98| 87| 83 Do. do. ;
--—-——-__...._!______ »» &t 13 months.|536[346[181{150 {124 ... {106] 98 Do. do. y
Broken at sixty days .. 296 239, ’ J , ,» at Syearsand
)| 239 264 248 218 ... | 143 ... | 125 {2 daysin the air. i 6 months ... ... [4051315]225|172|150] ... |120 Do. . do. ::
| 30 ,, inwater. : 'i
Specimens when taken 4| o | o . T Broken at 13 months.| 342282267190 | ... | ... | ... | ... | These had been kept 12 months *
from the water were | . |2 | 2 | =2 :é’ :?é’ B = )T . under water. ;
equal in weight toa | * {2 [ @ | o | = = L 1
cubic foot. | = =3 ogo :” ~ L
L S S N ~ X ) TABLE No. 7.
" TABLE No. 3. T — e f ‘ Concrete.
Adhesion of ilortar, ‘ "
= ‘ . T R q Partsofsandadded.| 1| 2| 3| 4| 5| 6| 7| 8| 9| tolFL +1KL+1
* “gs " g Adhesion per . T . ' | cement 4+ 1 B.
5 S . | squar i
= & 'é < q 11(; 1(111;}118 after Remarks I
3 E S K ’ ! Broken at 15 days ...[ 309 {289 |184{120101| 97| 79| 63| 71| When made were left ex-
. o ) - ‘ posed.
———— e — . \a » at30 ,, ,..[320{290{219{154|1471136{132{121| 95 Do. do. do.
1 1 162 1bs . f .. at13 ,, ...[520]...1316]316{276]124] ... |123|106 Do. do. do.
1 75 . ;,J : ,» atd yearsand
1 1 1 100 i 6 months ] .. 1890(270]2401225/165]135[126] 110 Do. do. do.
1 1 ‘ 13 62 i -
1 1 4 50 :: { Broken at 13 months {369 (324 ... | ... {270{264[264225] ... | These were kept 12 months
1 32, under water. |
179, 1 blue li: , , : =
' ?falslllqy) 1 porauclana, 3 sang at 15 days ! : |
"_— ) R T "‘““‘:'-:“—--:-M..._s..‘; el L o 1 . TABLE N 0. 8. ) j
Showing differer 'I;ABL;;,I\O v ‘ ! Concrete,
1O Ln ce m 24} y 3
— inz_. iz—c‘:foa ding to consolidation, ot ]
= . N ) T ——
gi. . T e c-;r::.:::::! 11 J
. ; Partsofsandadded. | 1] 21 3| 4| 56| 6| 7| g|{t0 1 FL+ 1KL 4 %
. .| - L ¢ t k- .
; - ’k‘é, S onsolidated to equal 179 1bs. per cubic foot I == 300 4 ement + 2 brick-gravel
T - Y . % :
E: o - fé’ ‘ . s 120 ” . " " R == 166 | |
TADLE No. 5. T | Broken at 15 days ...|146/169|102| 87| 76| 57| 57| 53| When made wero left exposed
o Concrete. L | to the open air. :
S = . ~mh:::‘:‘*"==‘~‘:-:—:-_-;7_...._._. N i l o 0 = -
Parts of brick-gravel| 4 9 3 | 4 5 6 i1 T T ‘ ,,  at30 ,,  ..f .. [1921162/143]135) 82| 79| 76 Do. do. do. E
. sdded | P BRI coment. . at13 months...|305|282|152]150|143|105] 01| o1} Do  do.  do. :
5days..| 342 2591} 130 32 o ‘ , at 5 yearsand %
Droken at 15 days .| 3 ° 0| 193 130 100 Wth“i made were left exposed , "’ G months ...|390[285/240]/202{180(105| 90| 60| The last did mnot stand
2680 ,, .| 4911 236 | 180| 173| 151 145| “pcepen air. i exposure. "
" gt 13 months| 548§ 370 | 2871 2151 207} 170! | Do. dg " e ' "
:: atb years and 600 | 565 300} 2181 318 ‘ ‘
e- 565 | ‘ ‘
‘ 6 months 6 210 Do. do. do, Broken at 13 months... | 394, 8271300{316[286]207]150] ... | These bad been 12 months PN
Droken at 13 months| ... 446 | 434 { 401 | 361.| 271 |These had been kept under e under water. : ‘A
‘ ' Watcr for 12 months, k e Ao = - ; R C .
. —_ == = S A4 c T
. ‘ X
" ‘ | g / .
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TABLE No, 9.

Concrete.
e e
Parts of sand added. 112(3|4]5 6 |7 t°1rL+1kL+}ccmont+3
brick gravel.
. o >y
Broken at 15 days 1001 711 67| 71| 41] 49 49| When made was cxposed to the open
Do. at30,, ...[128(151] 137|121 | 113 o wr
1] 75
Do. at 13 months. .. 2091191143 . .
Do. at 5 years and 121 . .. Q Thcselasbshowedsigns of exposure.
‘ 6 months... | 270 255|225 152 | 105| 76| 6o Do d 1
— . o 0.
Broken at 13 months.., {324 {309 | 850 287200
2001173124 | Theso were kept 12 months under
EEEES . TuL watm:m“~
TABLE No. 10, o
Concrete,
. “:“—Q%‘MM-M-“W
Parts ofsnd added. | 172 | 51 4|5 | 6| o1k, ‘+1I‘L+&cemenc+4
\ ‘ brick grave
Broken at 15 days ... 11241 79| 83| ‘87| 7 When made wereo lcftexposedto the opon
. air
Do. 230 ,, .. 1147|166/160|106] g3 o a ‘
Do. at I3 months... 1160167156 N o do.
Do, at 5 years and 1361106 .. L. do. do.
6 months... | 168 150 135]1201 ... Do. do 1o
Broken at 13 months ... {305,305 { 200|188
200 Hagornd been kept 12 months wnder

— e i——

TABLE No. 11

Concrete.
Partsof sandadded. | 1 1 2 13 | 4| 5 (0IFLx1KL 4  coment 15 e =
gra.vcl

Broken at 15 days | 831 64] 42] 64| 40| When made w -

Do. at30 ,, .. 136} 98| 91| 79| 79| . Do. o et SxPosed o the open air.
Do. at 13 months... |1771153]106| 91 89 Do. do' 0.
Do. at 5 years and : . do.
6 months... | 187 /150|128 |105| g0 Do. ' do. do

_ ‘ er.

RS,

TABLE No. 12 -
Concrete. )

o

Parts of sand added. | 1 | 2 | 3

e -
tolTL x 1KL+iccment+ 6 brick

T

gravel.

‘ __k at 15days ... | 711112| 49| When made wero left cx
BrIOJ oen o " 1i02|120] 83 De. ‘ doposcd to théeoox)en air. .
Do. at13 months... [106]136] 98 Do. | do. do
Do. at 5 years and - ‘ '
6 months ... | 165150120 Do. . do. do.
— Yo —
Broken at 13 months... 295|282 248 | These had been kept 12 months under water.
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TABLE No. 13.
é . (8
. & B2
2 w13
AR E

: - ,::.-u 3 E‘ Remarks.
| 51 ¢ 5% R P I
Sl Bl €] g3z & |83 5| &

SlE|ELE 2 2|22 5 (s2] 8] ¢
cldja|a|&] 8125 % |38 2] &
¥ o4 4.1 1 31126 45| ... 1154| No. 5 | Made by hand.
IS I I . [126]  65] ... |181] , | ., "

. . |130] e65]30!315 . | .
B o#| 3| 3| 2| 3|120{ 45|..|185|No.6| . .

120 65| ...1236) ,, s» "

P 142 65130 1256 ,, . vy
Vo] 7). 1] 3l122] 45]..[107| N0 9| ) .,
e e Lo | | 122] 65 . 18], | D .

o oe | oo | oo | e L oee {242) 63[ 30 |180] . | .
w1 3] 20w {117] 50 ... [102No, 33| Made under pile engine.
oo L eee [ eee e e o | 1161 2,007 1 L0, (2100,
, 1{ 3| 2] ... 11y 30 117 No. 35| Ferozepoor kunkur.
e | 1137 270 ., 11116/ 2,007 180y ,, .
e L sovr| | 9t %)} Eootiana kunkar
1].. eee | 1] . 1117 15 181 |No. 46
1... o | 1] .. 1116{2,007] ... [990] ,,
1. o | 4 1170 15 ... | 91|No. 45
1... wo | 4] .. {116{2,007] ... [315]
N N | 1. 3117 15 200 No.41 With three ordinary earth added.
1)1 11!... ${11612,007 ... |315] * ,, Wlthout above.
1] 1 wi 1 3117 15 174 No. 37
11 -1 2 31117 15 196 |No. 38
11 1]..]...] 8 3117 15} ... {166(|No. 89
A 1)y 4] 32117 15] ... |43 |No, 40
oo oo Lo [ Lo [ o [116] 2,007 oL (255)
1 11, we | 1 ${116| 2,007 465 [No, 37

TABLE No. 14.

R or value of cohesion per square inch of stone and bricks, dc.

f

Welsh slate
Agra red sand-stone

- Yorkshire blue-stone

Bath-stone

" . Sand-stone from Roopur

ate wee aee

" Best concrete made at Loodiana

" " ’” ’ ’”
tR ] ” " :7 H] .
Best concrete of which there is
any record ...
Best concrete of 120 examplcs
Concrete with sand at Loodiana
’y 2 s 99 1]

9

Ordmary En ghsl,1 concrete

1 month)... ..

13 months) ... es

5 years and 6 months) ...

8 months) ... -
% 1 year) ...
(No. 1) .

(13 months)
(5 years and 6 months)

G. Rennie... | 7,616
Tanner ...| 1,514
G. Rennie.., 1,312
Pasley . 581
Tanner .., 400
Tanner .., 491
»s .| . 548
. 990
Totton ,..| . 889
Pasley ... 117
Tanner. .., 121
. 123
ss 126
Cl'easy ess ! 100

No. 46.
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I or value of cohesion per square inch of stone and bricks, etc.—{Concluded.) Since I have been in charge of the Sirhind Canal, the necessity for providing something

‘ bette}zlr tha‘n brick-work for the large super-passages on the upper part of the canal has given me
T . : mll:.c hatfmety + All works of this kind, with brick arches, which I have seen, leak in a manner
i 0 I S0 ) ’ WHICH gives me great doubts of their permancnce, whilst the cnormous expense of constructing the

Native bricks, burnt to klinker ( 3 examples)
Lahore bricks, Punjab Railway (3 ,,

. ’ ” eon 356 ‘ . .. . . .
Native bricks, burnt blue 3 T 2})3 | ‘ :arﬁe"arches of the super-passages, with closely jointed bricks, even if by asphalte or other covering
Best Lol?qolr:sstcell‘lsbumt :;3; " .. | Barlow ... 213 | ' eal age (:Ou%d be prevented, would swell the cost of the main line of the Sirhind Canal, which, ;
11\': ;3:; {)lrci‘:k’s. Il burmt e 5 :: “ gis&: . 198 . } : ‘11{1“ er .any Gircumstances, is likely to be the most expensive piece of work of the kind in the country.
’ ,» exposed for 2 years ( 3 examples) ... .| - igg X I hinmf"mg tl}at Ar. Tan.ncr had been employed on concrote experiments for some years, T applied to
. ; hi;n or a-SSlStance’ which he readily gave. I had access to all his papers containing the result of
P — ‘ A €xperiments for years, and assisted in breaking some ,of the concrete prisms to fill up his tables.
fioia . . st eew e wufDasley ., 205 { ; Wi
s y»  Loodiana made (16 days) ... ..  ..|Tanner .. 181 ; | - 1'.ll'he result of my investigation was to me most satisfactory, both as regards the care with
_____ — oo = . | | ‘ . Which the experiments had been conducted and also as to the valuo of the results.
¥ v . i
i | ;} hMr. Tanner, at my request, readily undertook to construct a length of one of ey super-passage
TABLE No. 15. .. are Iets a: *;:1 experiment, the cost of materials and consolidation being paid for by Government. The
‘ . result of this experiment, with a ch ively inferi te, are embodied .
RECORD OF CRUSHING OF BPECIMENS OF CONCRETE AT Mapmoroo, . 1 in Mr. Tanner’s report, ' # cheapy andof consse elaivly nferior concret,

1 ted out by J. D D N A L, ‘ . -
Experiments carriea out by J. Watsoy, Esq., Executive Engineer, 1, orkshops. I have no doubt mysclf, nor has Mr. Tanner, that the arch would have stood any test if the

e i ) ‘ fl})lundbatxons had been good. The lines of fracture in the arch, and the cracks in the ground behind i
CONSTRUCTION. No. of Veight_per Weight per ‘ ‘ / ¢ abutments, sufficiently testify to the cause of failure.
1 Soor- speci- " whioh "R which | Y I much regret th . . : uld cer-
‘ Yar Brick- | khoe or T | frst orack | the speoi- Romarks A tainly b grev the results. ITad I been acquainted with the nature of the soil, I should cer
Fat lime, Rime. | Sod. | gravel. | brick. |Coment, | Jobje appenred in) men crugh. ' . i J fiave recommended a foundation of piles under the abutments, which would have effectually
: - : ] pl‘eVentcfl the mishap. Cubes have been cut from the materials of the arch, and their resistance
._""""'T 4. | 1 1 5 1,474 1,658 | 2 years old ’ | * : zznz;'::iuing will bfa scen in Mr, Tfmner’s tables. .Ihave recommf'md.ed the use of Mr. Tanner's
i ! 1 ; ; } 3 LI <'879 | 6 monthe old, [ . belief n m).' cstimate for the main line for voussoirs or for monolithic arches, and have a st.rong‘
g : 7* ! g 9 ’,5;{? 2';?3 gﬁ?&“ ald: ; i . 1el myself in the value of the material ; it can be made into blocks with hard surfaces with &
3 o 3 3 83 vorane 2,503 |5 ditto, went suddenly, made ; { : zgre only h.m-d enough to supply weight, and monolithic arches can be made in a similar manner,
N 1 - 1 11. 5 :(IL }:333 é?SZ g%ear‘;nﬁ?; pile engine, [ ¢ spandrilg being made of inferior material. . )
1 - S N 46| 836 | 4515 |5 aier Do Mr. Tanner has appended to the letter. forwarding his paper a memorandum of the cost
e ) ‘ , - ; ‘ Of his exPCPiﬂlents. I venture to hope that this sum may be reimbursed to him ; the value of
- 1 1 1 2 ey Aﬁch built at Loodiana in ff | ; l1‘1}51.€>chx'unents to the Sirhind Canal alone, carried out as they have been‘with the materials
. E?:flhs,ﬁ?é ot ?,553{,,31."{.. L } ?} tich must be used on it, would, in my opinion, fully justify such an expenditure on the part of
1 8. 761 1,024 &ﬂ’; S?f o:lfe{:u;p(ggif f' . ; § overnment, . A
- - O B SR IR I ooe || savas Bives 724 lbs. por b . Note by Lizurexast-Coroer IL W. Guiuives, R E, Superintending Engineer, Sirkind
i , BET ZEZi':;fh“"f&r 1024 o, ¥ | Canal, on Mg. J. E. Taxner’s Leport. .
. ——— T ;‘ [ Mortars, Table No. 1.
- ’ - N B i‘. Any of the mixtures ... ,. e e . 1FLtolKL
B a Do. do. 1FLto2KL
! o Do. do. .. we s won . 1FLt3KL
: : R 'p S ‘ntendi | . ' ' ; } varied only from 237 to 204 modulus of fracture at 60 days, one; 302 to 230 at one year;\
Memomnd“m by Cuux‘u R. Hoxe, R. K., ugerm ending Engineer, Sirhind Canal, on ! i / »  from 345 to 300 at four years and four months; »
. Az, J. E. TANNER'S paper "".""”"‘f‘“ and cements, dated 28th Febryary 1870, R ) »  from 379 to 286 at five ,, andsix ' N
' g regret that the delay in obtaining the result of the crushing e;!periments on the P fg E but they were left exposed to the air after being made. This is not fair to the kunkur lime, which
I moC ubesoeeﬂ ¢ to Madhopoor (which is owing to the machine being out of repair) should ] 1 requires to be kept wet while settin £ to givo fair results. :
concrete ¢ ted MY forwarding the papers to Government myself. My departure for England L In Table No. 2 broken at G0 days. T varied from 264 to 218. B
}ave preveD forbids my doing s, and I can only leave a brief memorag : L) ¥S,

8 ) dum testifying to b g The first 3 : i ir, ¢ in water. It will be seen that
in 8 fe¥ d‘:]); which the experiments have been conducted, and to th, wniform kin d}; esﬁ of e first 30 days the specimens were in the air, the next 30 i

r d to the canal . X
Tanper t0 myselt: and all oﬂice:‘ attgach; the o 3 who have applied to bim for -
r. on on tho subject of the manufacture of concretes and mortars and on tho resources of
jnformatiCe - ‘

the district gcnerz.xlly.

-

'y t.his immersion in water increased the strength as follows tm ‘
§ 5 1FLt01KL o o o e 237 to 264
1FLto2KL e 218 to 248
1FLte3KL .. oo - vee e o 204 t0 218 .
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It is unfortunate that tlﬁ) specimens were not also tried by immersing them for the first 30 days in
water, and afterwards éxposing them to the air, as I believe this would have increasod the strength
gtill further. ‘ ®

The advantage of the immersion in water is shown by the tables of the st;-en rth of tl;e
concrete, g

. N

Tuble No. 5.

Specimens containing 1 F Lto1 KL, } cement, added to brick g
N ’ -gravel
results after 13 months in air, and one in air and 12 in water 1 gravel, guve the follf)wmg

Parts of brick-gravel.  R.in air, R. in water

2 370 ’ ;:lémd.

3 287 434

4 215 401 )
] 297 . 861 -
6 170 271

0 that the speéimen containing five parts of brick-gravel set under water \
. L av
same result ag that with only two parts of brick-gravel set in the ajr, gave very nearly 10

Ilow important this is in an economical point of view is evident, v
Table No. 6. -

In these experimcfnts sand was added instcad of brick-gravel with the following results :—

-

Parts of sand. L. in air, R. in water,
1 536 342 *
2 346 . 282
3 181 ' 267
4 150 ‘ 190

from which it will be seen that, while the two first specimeng deteriorated under water, thoe t
last improved convsiderably. I s‘;hould fear some error in this caso ; it may be that't;r' .o “;O
for in Table No. 7 when one brick was added to each specimen, as well ag gang the r°::1e1tl: ;:r;

1’q7~ts of sand. L, in a}ir.

s i R. in water,

2 6
5 26 . 370 o
6 124 T 204 |

ain in Table No. 8, where another portion of brick-gravel wag adde

But then ag d to each spocimen,

. the results were 88 fgllow fo— *
- Parts of sand. . in air. T .

1 - 305 304 L
2 . . ! 282 327 " \
: 150 300 -
5 150 200
2 143 ‘ B
6 105 286 . g

. ecimens with the larger quantities of sand impr in g T .
bis the & Dut those others also improved, while TablespNZ:e,dﬁu;nadr;u:ﬁloij:iz:‘ i);oport{t:
o smaller proportions of sand absolutely deteriorated when immersed in water, 1 cqnnot bzzetgi;k
hore must bave been ‘an e.rzi:)r in the .expcrln}ents, or fault? in the specimens, for in Tablcs
Nos. 9, 10, 11, and12, in wlu'c the quantity of brick-gravel Was increased, there i sl'lown o rezular
f the specimens immersed in water over those which wero exposed to the air. °

Tables Nos. 9, 10, 11, and 12 show the results of adding increageq Proportions of l;fick ]
made with various proportions of sand, and from all of them the gdvanta e-i;a:;
44 e

ortar P
to t:iﬁ.ﬁ)eing allowed to set under water is evident.
mix

Tables Nos.

’.1‘:‘

than the others.

13 and 14 require no remarks.

Proceedings of the Madras Government, Public Works Department,
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From these it would

Table No. 15 shows the resistance to crushipg of various specimens.
strongest,

appear that the simple mixture of one of fat lime and one of ground brick is by far the
as in a specimen two years old the first crack appearcd under a weight of 1,987 Ibs. per square

inch, and it required 3,765 Ibs. to crush the same specimen.
The specimens crushed measured 27%27x27. It may be useful to add here the results of

crushing specimens of the same size made by Mr. Palmer at Umritsur. The specimens crushed
were cut_out of the solid blocks, 2’x2'x1’ made by that Officer, the report on which was sub-

mitted with Mr. Tanner’s first report. They were all kept under damp earth while setting.

No. 23, in which 6 cubic fect of small kunkur and 25 cubic fect of kunkur lime‘were pognded
in layers in & box 2’ x2' x 1/ for 14 hours. First crack appeared under a weight of 1,925 lbs.
per inch, and it crushed under 3,915 1bs. \

No. 26, 6 cubic feet of small kunkur, with 1-7 cubic feet of kunkur lime,
same box for 7 hours, cracked under 1,180 1bs., and crushed under 1,460 Ibs. per inch.

No. 31, in which six parts of large kunkur were mixed with a mortar made of one'part fab |
pounded for 12 bours, cracked with 1,592 1bs,,

pounded into the

lime, four parts kunkur lime, and one part sand,
and crushed with 1,910 1bs,
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) ' Scale 3 inches to the loot.
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Proceedings of the Madras Government, Public Works Department,
21st July 1871.

o

No. 338, Ozper Tnereox, 20st July 1871, No. 1,922,

IRRIGATION, No. 20.

Chief Engincer for Irrigation and to all
& Superintending Engineers, in continua-
100 of G. 0., No. 1,636, dated 8th July 1870

(True Extract.)

‘ Colonel, R.E.,
Secretary to Government,

To the Acting

Chief Enos . .
To all Superin Engineer for Irrigation.

tending Engineers.

" » Major R, B, Kennedy, .

e ——
3

ORDERED to be communicated to the .
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