PAPER No. 97.

CANAL FALLS AND THEIR USES AS METERS.
By E. S. Linoiey, M. Inst. C. E.

The following are the primary requirements for an efficient fall :—
I. To destroy excess energy, without causing—
(@) damage to the work itself,
(5) scour of the canal-bed downstream, or
(¢) wave-wash attacking the downstream banks.
2. To maintain " normal” supply depths in the canal up~
stream.
3. To measure the supplies passing.
4. To be cheap in first cost and maintenance,

The earlier forms of fall were Ogee weirs or rapids at the foot of
which standing waves formed and destroyed the excess energy : these
forms were later superseded by falls m which the flow was not guided
but dropped to the lower level. The writer 1s not aware of the reasons
for the change in the principle for destroying energy, and whether they
are covered by the points discussed below : but it should be noted that
the result It of a very thorough investigation as to the best means of destroy-
ing the energy of large volumes of water under high head, made by the
Miami Lomeﬁﬁnﬂy erd, was unequivocally n favour of the standing
wave,

There 15 a possibility that standing waves caused some failures, by
the step In pressurc at the wave not being allowed for ; if so this should
not be a danger now, as the hydraulics of standing waves are now far
more thoroughly known. Rapd flow down a glacis 1s also liable to
wear the joints; velocities far higher than those occurring on these
works are quite frequent elsewhere, and all that is needed is more suitable
construction ; for example, in discussion of a paper on the calibration of
the sluices of the Assuan Dam, read before the Institution of Civil
Engineers, the writer elicited that velocities up to 60 fez*t a second (quoting
fmm memnrv) were dealt with.

With the drop form of fall, there 1s hability to wear of the floor
of the work by the constant fall of a jet of water on to1t. Parker, " Con-
trol of Water™, page 716, quotes the test made 1n the Panjab by letting
bottles float over the fall, and the empiric formula arnved at for the
depth of water-cushion presumed to be sufficient from the fact that it
saved breakage of the bottles. Bligh, page 117, states that such cushions
are no longer considered so necessary, and there 1s a tendency in modern
practice to reduce or omit them,
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Assuming that floors are properly constructed, that is, that soft
bricks are avoided and joints properly constructed, such damage as
existing falls show seems generally to consist of pot-holes ground by
brick-bats in more or less stationary eddies: these should be avoid-
" able by rounding off internal angles to a degree sufficient to allow eddies
to travel instead of working continuously at one spot.

The importance of bed-scour as an evil should not be exaggerated.
Unless extraordinarily deep and extensive, 1t does not seem to matter as
long as it does not threaten to undermine the work itself; such danger
can be avoided by a deep enough toe-wall, or preferably a sloping
glacis carried down deep enough : a glacis 1s preferable to a toe-wall be-
cause the sudden expansion of section at the latter causes violent action
at one place, while with the glacis the action 1s more spread and so
less violent.

A certain fall in the writer's experience suddenly developed a big
scour-hole that threatened the work ; the hole was filled with sand to a
fairly steep slope, and on this was laid brick pitching in two layers that
broke joint so as to form a flexible mattress : though the pitching did
not go as deep as the hole had been, the slope decreased action so that
the end of the pitching became covered and was safe from slipping ; the
rest settled to a form that took care of the action and ended the trouble.

It has probably not been sufficiently clearly realised that most of
the trouble experienced below falls is from wave-wash. Below water
level the banks stand at their usual slope, but just at water-level the
constant wash and draw forms a little flat beach. The causes of
this wash call for investigation ; most channels will show examples of
falls at which such wash is bad, and of others which for no apparent
reason give no trouble. As far as the writer has been able to ohserve
and form conclusions, the falls that give most trouble are those trape-
zoidal notches at which the drop 1s big enough to call for large destruction
of energy, but not big enough to allow the fans to spread fully before
passing the surface of the downstream reach. It is certainly not the
biggest falls that give most trouble.

Such wave-wash sometimes continues for a long distance below a
fall ; one note on the file of the Rescarch Section on the subject points
out that pitching should not be provided till it 1s seen how much is need-
ed ; another note records that such pitching need not be made for the full
depth of the canal, but only near water-level. In some cases the
wash 1s sufficient to act through the joints of the pitching.

A measure tried at some falls on the older canals, to try to kill the
action and save the cost of great lengths of pitching, was to enlarge the
canal below the fall into a pool. In this enlarged section there is gene-
rally back-flow along the sides and as far as the writer has been able
to observe, the measure 1s ineffective. Another measure often tried,
is to use roughened pitching, with the intention of killing velocity along
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the sides ; obviously this will have no effect on wave-wash. The writer
once proposed to try a floating boom of sleepers ; this came to nothing
as he was transferred.

The right course, as usual, would be to attack the cause and not
ml:‘,t‘efy the effect : 1t seems lil{elj-' that 1t would imprm'e matters to Increase
the size of lip of the notch~falls that give trouble, so as to spread the fan
of falling water more thoroughly.

The desirability of maintaining * normal 7 depths in the canal
above the fall at all supplies has also, In the writer's opinion, been over-
done ; he believes that this is becoming recognised. If a raised crest be
provided which maintains the " normal ™ depth for (say) full supply,
this heads up to more than " normal ™ depth for all lesser supplies :
the decrease of velocity and the increase of depth both involve a decrease
of the critical velocity, Also, 1t 15 held by some that a raized crest
impﬁdﬁs the passage of silt, even at the rate of S,Llp]:ll}.-' which 1t does not
head up.

Strong support for this view 1s found 1n what Myr. Woods showed
of the Jhang Branch Upper, in a paper read before this Coneress of
1916. He shows deep and extensive bed-scour, which ceased when the
crests of falls and regulators were raised. The facts are indisputable,
but the wnter feels sure that full knowledge of the circumstances of
place and time would show other causes.

Mr. Woods™ line of reasoning was as follows.  Where supply is
passed off through under-shot gates, the filament of maximum u'{f?ofcity
on a vertical 1s much nearer the bed than when it is passed off over a
crest, so the relative veloaties of adjacent flaments on a vertical are
greater, and the silt-suspending power of the current is greater according
to the theory of Dupuit. Mr. Woods maintained that this distortion of
the natural distribution of velocities was not confined to a short distance
above the work, but persisted up to the next work which would affect
the distribution of velocities ; he had observations made on the noint,
The Main Line of the Lower Jhelum Canal is frec of such works for
36 miles from Rasul to I'akinan, where it is controlled by resulators
with two tiers of gates and no raised cill and the supplv was alwayvs passed
under the gates, at floor level. Mr. Woods had the lower tier of cates
used as a crest, With both methods of regulation, the curves of velg.
cities on a vertical were observed with twin-floats, about 1,000 ieet above
the regulators, and at Rasul 36 miles above ; the writer believes that My,
Woods considered that the observations confirmed his contention : but
they were 1n his own opinion too few to be convincing, and the differences
too shght to be conclusive. At the same time it must be admitted
that scouring of the first few miles of the canal diminished with the
change of regulation, though not decisively and continuously enough to
afford conclusive proof, ) =

On the other hand, the writer had a raised crest about 3 feet high on

a canal abc:ut 6 feet deep, with distributaries taking off above which suffer-
ed from silt trouble. They were close enough to the fall for it to be
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possible that the raised crest aflected velocity distribution so far; he
tried building an upstream glacis to the crest, in place of its vertical
face : there was no observable difference in the trouble in the distribu-
taries and periodical soundings showed no changr in the bed-level of
the canal above the fall. The writer's principal cor lusion at this point
was that between the offtakes and the fall, the wilth of the channel
should have been reduced more or less proportionately to the discharge
of the offtakes. Altogether, it seems so utterly improbable that the
position of an offtake can affect the distribution of velocities even as much
as a thousand feet above, thata rmuch greater volume of more con-
clusive data would be necessary to prove the contention.

In attempting to design a fall to maintain ** normal ™ depths for all
Supplie;-:-, the pl‘ﬁcision aimed at should not be out of pmjpm‘lion to
what is attainable in practice. Even where the fall is not partly drowned,
the difference between assumed and actual coeficient of discharge for
the fall affects the depths it maintains. The rezime depths at which the
channel eventually runs will differ from designed depths, and will further
vary from time to time. The fall, designed to pass a certain cischarge,
with the depth * normal " {or that discharge plus the discharges of off-
takes, will be heading up above " normal” when those offtakes are closed.
When the fall is partly drowned, differences due to silting and scouring
below the fall cause further departures from design.

Knowledge of the coefficients of discharge of falls has of course
always been necessary, so that they could be desizned to maintain certain
supply-levels with certain discharges but the accuracy hitherto accepted
as sufficient, fall short of modern requivements. The rezlisation 1s also
spreading, that by providing reliable meters at suitable intervals along
channels, the trouble of taking discharge®observations is saved, and
efficient distribution is very greatly advanced. One of the prnimary
objects of this paper is to record the simple measures by which canal
falls can be converted into rehiable meters of supply.

Economy of first cost and of maintenance do not call for any general
remarks,

The standard Punjab trapezoidal notch-fall was evolved by Punjab
irrigation engineers for use in construction of the Sirhind Canal ; the
primary object of this new form of fall was to maintain ™ normal * depths
at all Sul:}plics; the manner of using the tmpﬁ-znidal noich to SECUTE
this was discussed and worked out by a number of the engineers of the
department, and is published 1n Irrigation Branch Paper No. 2 of 1894,
which largely follows a draft drawn up by Mr. (later Sir Thomas) Higham.
Mr. J. Benton, Assistant Engineer (later Sir John Benton) ma'z a series
of experiments for determining the coefficient of discharge, and the form
that would most effectively kill aciion downstream. These were printed
up in 1879, but are so little known that it is worth while to repeat their

sallent points,
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Tests were made of a single notch 563 feet wide at bottom and 8
feet wide at a height of 6 feet ; and of a pair of notches each 3 feet wide
at bottomn and 4°3 feet wide at a height of 6 fect. Each notch was tested
also with the bottom rounded off to a semi-aircle. Each notch was tested
set back 3 feet and 1.foot from the edge of the drop. iach notch was
provided with a lip {5rmed by striking an arc of a circle through a point
2’5 feet from the edge of the drop on the centre line, and the points where
the splayed sides reached the edge at the bottom, Iigures for the form
of the notches are not given. By measurement from the plates in the
printed report, the upstream wings made an angle of about 37%° with
the line of flow, the downstream wings about 30°, and the radius of the
curve connecting them scems to have been about 3 inches. The tests
were made with only one rate of discharge, 1608 cusecs ; this discharge
was fixed by always running a certain gauge steadily, for which that
discharge had been observed before the experiments, and confirmed
after them : this discharge gave depths of from 3'45 feet to 3795 feet at the
notches. In the smaller notches, the downstrearsn wings were omit-
ted. A few tests were aiso made of differsnt siopes of downstrram
wings, of different sizes of lip, and of ridged lips.

As far as action 1s concerncd, the best result was given by the single
notch set only one foot back from the edge ; this formed a broad smooth
fan, and wave action below the fall was “ imperceptible”. The pair
of notches gave a result not quite as good, but better than when set back
three feet from the edge, in which latter case the fan was smooth but
spread less.

As the result of these tests, the Chief Engineer, Major Home, R.E.,
laid down the well-known standard form of the notch for use. The
upsireamn wings were made more oblique to the current, but more rounded
off near the notch seciion ; the tests had shown cross currents in the
jet, which tended to spoii the even broad smooth fan that was sought :
the downstream wings were made less oblique, by a similar rounding.
One set of standard dimensions for the form was laid down for canals,
suitable for depths of about 7 feet; and another for smaller channels,
suitable for depths of about 3% feet.

In all the tests, downstream water-level was about 4 feet below crest.
Though a greater drop means that there is more energy to destroy, it
also gives the fan room to spread and thin out : and 1t is apparently where
the fan 1s not thus able to spread that trouble from action below the
fall most frequently occurs.

~ Asto coefficients, these were worked out in four ways, each allowing
differently for velocity of approach. Results for the notches with semi-
circular cre: +, and those in which h, is other than V2/2¢ do not
concern us. | here being only one observation for each case, the single
notch set back 3 feet gave a cocfhicient of 0°662 ; set back only 1 foot
the value rose to 0667, as would be expected. With the smaller notches,
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the steeper sides would slightly decrease the coefficient, while the
rounding being greater relative to the dimensions of the notch would
slightly increase it ; the observations gave 0'671 and 0°676 with the notches
respectively 3 feet and 1 foot back from the edge,

The mean of the above coefficients, 0067, was used for design.
In the 1894 pamphlet it is stated at paragraph 13, that *“ an extended
series of observations " on distributary notches shows that the value
(0°70 may be used instead, at the same time omitting allowance for velo-
city of approach. * Not very extensive” obscrvations on the larger
canal notches, indicate a coefficient of 0'78, similarly ignoring allowance
for velocity of approach. The simplification of the formula also makes
a shight difference ; working out Sir John Benton's tests by this gives
coefficients about 07005, less than he gave,

These coefhicients, 0070 and 078, were then preseribed for the
standard notch, both when free and when partly drowned. The writer’s
experience would lead him to expect an even greater increase of cocffi-
cient from the notch tested by Sir John Benton to the shape laid down
as standard : in fact, for a free fall he would expect about 0°90 even
without ignoring allowance for veloaity of approach ; and with drowned
falls conventional excessive allowance for the effect of drowning might
mean that values up to 1'0 would be found.

There is no record in the Secretariat of the observations referred
to, which are the basis of the change of coeflicient : there is only a demi-
official letter dated 15th August 1893, from Mr. Farrant to Sir Thomas
Higham :—"On the Jagraon Rajbaha I found that a coefficient 0°69 had
to be used for a free fall ; and in the case of 2ll rajbahas 1 should say
070 would give more accurate results than 0°67. For canal notches,
I did not have time to complete my observations before my transfer ;
I can only say the cocfhcient is nearer 0°80 than 067, ---------- ..
For the Abohar notches 1 find that the following formula expresses fairly
accurately the law of variation of the cocfhicient for different depths

c=067 (1'0+0°07+/d).

Thus, for 40, 5°0, 6°0 and 7°0 feet depths, the coefficients would be
076, 077,078 and 0'79.” Inaidentally, Mr. Farrant contends that the
coefficient of one notch will not be the same for all depths : and he is
against the practice of attempting to include allowance for velocity of
approach in the coefhicient, since for different notches on the Abchar
Branch the allowance should vary from 9 per cent. to 20 per cent.

In Captain Garrett's book on these falls, Sir John Benton is quoted
as writing :— ' Observations (subsequent to his of 1879) on the depths
attained by known discharges in the numerous notch falls of the Abohar
and Bhatinda Branches of the Sirhind Canal of about 80 feet bed-width,
went to show that neglecting velocity of approach the coefficient of
discharge was about 0'75 : this coefficient applies to the standard type of
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design. Theincrease of coefficient over that arrived at experimentally is
partly due to the approaches to the notch being more rounded, and partly
to the sizes of the vents being large, which resulted in friction being
proportionately diminished for the discharge passed.”

The writer has not troubled to make observations on notched falls,
since he considered them now superseded by the meter form to be
described below : but Appendix [ gives figures for two falls, which he
collected for other purposes.

These show, first a free-fall notch running up to 5% feet deep.
FEighteen observations made for ordinary purposes by different observers
during about two years, of which four are useless because the gauge was
read only to tenths of a foot, are extremely consistent and give a mean
coefficient of 0888 at full supply. (It looks as 1f the coefhcient decreas-
ed to about 0°84 at 2 feet depth ; such a decrease would be 1n agreement
with theory). Absorption loss hetween the fall and discharge site would
make this value about 0°007 too hich, leaving it correctly 0'88]. But,
for comparison with the official coefficient which includes velocity of
approach, 0°042 must be added to this, making it 0°923 instead of 0'75,
or 23 per cent. higher.

The other fall is slightly larger, drowned by about two-thirds,
with the sides therefore less vertical. Nineteen observations are tabu-
lated, made by different observers during some seven years ; downstream
sauges are interpolated from the gauge register, and that possibly accounts
for the results being a little less consistent than those of the former fall.
For five observations the downstream gauge could not be given. The
mean of the coefficients 1s 0°971. To cover velocity of approach, 0°26
must be added, making 1t 0°997. This means that discharges are 33 per
cent. higher than those calculated with the standard cocfhcient.

The official coefficient may or may not be correct for some falls
also of standard form : but these large departures, proved by fgures
here published, show that it cannot be used universally with any approach
to safety. The figures also show that Mr, Farrant's range for the
difference due to velocity of approach must be extended to cover from
2} per cent. to 20 per cent. : this is appreciably more than permissible
under modern standards of accuracy.

For the better understanding of what follows next, it 15 advisable
to enter a little upon hydraulic theory and history. In the search for
a constant and reproducible standard form for measurement of discharges,
all earlier efforts turned toward the ** sharp crest”. The essence of this
is that flow shall leap from the face at right angles to the flow, with
absolutely unimpeded and full natural contractions standardised by
nature. Any roughness of that face decreases velocities along the face
and at right angles to the main flow, and so decreases the contraction
and increases the discharge ; any burring of the ** sharp edge " interferes
with the free leap from that face, and has the same effect. The sharp-
edged triangular notch, the sharp-edged rectangular notch, and the
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Cippolletti weir, are all examples of this. The first departure from it
and concession to the difficulty of always obtaining full unimpeded
natural contraction, was the Bazin welr, which fully suppressed contrac-
tions on the sides, and attempted to retsin full contraction only on
the bottom, subject to the effect of the contraction (and the veloaty of
approach) of a channel bottom at a stated depth below the weir crest.
More recently Mr. Clemens Herschc" attempted to standardise the

partial contraction along the weir crest as well, by a standard rounding
which is one of the features of the Herschell weir. The amount of such
perfect contraction, and the discharge of the perfectly contracted weir,
are not determinable by pure theory. Various experimenters, as the
results of elaborate investigations, have given different formule and co-
efficient for it, which are purcly empiric. To avoid a common misunder-
standing, it 1s _emphasised that the face from which the fiow should leap
clear is the vertical face, and not the horizontal top of the crest ; the top
1s assumed not to exist, as 1f the weir were a thin plate.

Meanwhile, there was also the theory of the ** broad-crest weir',
aiven as the first part of Appendix 11; this assumes not only infinite
width or suppression of the side contractions, but alsc perfect suppres-
sion of the bottom contraction and flow from the vertical face follows
a rounding or bell-mouth which it does not leave, and then follows the

horizontal top as in a flume.

This is as defnite a condition of flow as the perfect contraction
of the * sharp crest " and while the latter is difficult of practical attain-
ment, because any departure from perfect smoothness of the face or
cleanness of the edge causes a small unknown amount of suppression of
the perfect contraction, the broad crest is practically attainable and
the fact that the discharge can be calculated from pure theory is also
an advantage. A further advantage is that a broad crest is sturdy in
day to day wmkmg, while a sharp crest needs care even in a laboratory.
Frequently most important of all is that, while a sharp crest must have
an absolutely clear fall, with free admission of air under the nappe, the
broad-crest weir is unaffected by drowning as long as the afflux does not
fall short of a third of the difference in level between crest and upstream
still-pond level. By addition to the shape this fraction can be reduced
to a sixth or even less, so that this device can be used in many situations
ig lwhich nothing like the drop needed for a sharp-crested weir is avail-
able,

This piece of theory is the basis of the flume or weir form of device
introduced by Messrs. Stoddard and Harvey for outlets and larger off-
takes, and is also suggested by the latter as a * standard notch ™ for
metering discharges, in a paper read before this Congress in 1919.
They, and a number of other observers, have made investigations to
find the minimum of requirements that shape must conform to. Some of

‘these observers have taken a standard shape, and when discharees did
not follow the theoretical broad-crest formula, have been content to
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establish an empirical formula for discharges by experiment : such formula
have contained coefficients up to 3°75 instead of the theoretical 3190.3‘05"
sometimes increasing with increasing depth so that the exponent had to
be raised from 1°5 to’ 1'6 or so. Other observers have taken the point
of view that departure from the broad-crest formula involved departure
from a definite natural physical condition and introduced uncertainty :
that only when this condition was attained was confidence justified in a
discharge formula deduced from observations over a limited range ; that
any departure from this condition involved changes such that it would
not be possible to rely on discharges being independent of fluctuations
of downstream water levels.

The unexpected departures from the broad-crest condition are
accounted for by a new piece of hydraulic theory, due to Mr. E. S, Crump
and given in the second part of Appendix II. What the former theory
ignored was that when too sudden a contraction at entry involves too
sharp a dip of water surface, flow is in effect part of a vortex about a
horizontal axis, with pressures within it reduced below those simply
due to the depth below water surface. It 1s also necessary to make the
crest so hroad that the natural pressures due to depth below surface are
established, before (with a free fall as the extreme case) the existence of
atmospheric pressure at the bottom of the flow at the downstream edge
begins to reduce pressures along the crest. The new set of conditions
now calculated for may be named * narrow-crest " conditions, to disting-
pish them from “sharp™ and " broad ™ crests.

These ** narrow-crest ~ conditions are not desirable for our practical
purposes, as discharge is not independent of downstream fluctuations ;
but the third part of Appendix Il shows from them how definite the
broad-crest conditions are when attained.

As the result of experiments which he has not published, Mr. Crump
gives as the rule for attaining broad-crest conditions, that the width of
crest (or length of parallel flume) must be twice its depth below still-
pond level of water, and upstream approaches must be by curves of radius
equal to this width. This rule for rounding is established for a crest of
the full width of the approach channel and raised above its bed ; the writer
has not vet seen it established as applying to the approach to a flume
narrower than the approach channel, except where the side contraction
plays so small a part relative to the raising of crest, that the factor of
safety allowed in the rule covers it also. Where the side contraction is
relatively appreciable, the rule for entrance curves will have to take into
account the width of throat as well as the depth.

On these lines, Mr. Crump has remodelled the fall over which the
tail discharge of the Upper Chenab Canal 1s dropped into the rniver Ravi
above the ﬁauuke barrage, The writer has not been able to obtain a
plan of the work, but it is probably very like the plan given with this

paper.
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In Appendix IlI, the first table gives discharge observations made
at this meter, and works out for each the actual value of the coeflicient

m
D=kxwx ( d¥h, ) *?

for comparison with the theoretical value of 3'089. The first group of
fourteen observations was made with special care to test the meter.
Among other things, velocities were corrected for the length of rod (vide
I. B. Paper class B No. 6). Excluding the first observation in which
there is some serious error, the rest of the group give an average of 3’ 098
for the coefficient. The next group contains observations made in the
course of subsequent routine, before the accuracy of the meter was
officially accepted. Excluding the second, which 1s badly wrong, the rest
give an average of 3'0B2 for the coefhcient. The third group consists
of observations made independently, by the division that regulated
supplies arnving. Discharges are reduced by 18 cusecs, the approximate
amount of the loss by absorption between the discharge site and the meter.
Excluding the last but one, which is bad, the rest average 3°074. The
average for the whole series 1s 3°086 : better agreement could hardly be
expected with the theoretical value of 3°089.

The data give no reason for suspecting any variation of the co-
efficient over the range of observations, which is from roughly 24 feet
up to 6 feet, e.g., from 2,300 to 7,000 cusecs. Atthis site there is not
always a free fall, and figures at some of the observations, giving the
afflux as a percentage of (d-+h, ) show that discharges are the same

whether there be a free fall, or the fall be drowned up to nearly the
two-thirds that is the actual limt,

The discharge table was framed by calculation belore the work was
built, and it was stated that discharges would be independent of down-
stream levels as long as afflux was not less than one-third of the depth.
These subsequent observations fully prove what was claimed.

Although the discharge table for such a meter need only be calculat-
ed once, it 1s a httle laborious to do so in full from the above formula.
The fourth part of Appendix Il shows a shorter method, by calculating
only two points with allowance for h, and finding the exponential relation

that satishes these without allowing for h, for use in calculating

other points. In the formula thus obtained for the Balloke meter, the
coefficient becomes 3'057 and the exponent 1'54. In the second part
of Appendix III, (d-+hg ) is calculated for a series of discharges, h,

calculated and subtracted leaving remainder d, and discharges caicu]ated
for these values of d by the simplified formula. The comparison
shows that the percentage difference 1is negligible over the range of
working discharges ; and where the percentage difference becomes greater
it 1s so small in cusecs that i1t does not matter.

A similar meter has been built at the tail of the Upper Jhelum Canal,
on the lines shown on Plate . The fifth part of Appendix Il shows the
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very small amount of calculation that was needed, and a specimen cal-
culation of another kind. .

The observations made by local ofhcers to test the accuracy of the
meter are giver: in the third part of Appendix I1]; and on Plate [.the
coefficients are plotted against (d+h.), to logarithmic scales. From
a similar plot that he made to ordinary co-ordinates, the Executive En-
gineer (Mr. Dixon) deduced a coefficient increasing with depth, from
273 at | foot to 319 at 5 feet. So much variation is physically impossible
with this design. The writer's plot shows how, by ignoring the three
higher values of coefficient obtained at low gauges and taking only the
lower values obtained there, a similarly rising coefheient is arrived at ;
but we might just as well ignore the lower values and take the higher,
when we should get a coefhicient decreasing with depth. If we attach
equal weight to all the observations, there is not enough evidence for a
vanation of coefhicient to weigh against the showing of the Balloke ob-
servations. 1aken separately, the data up to 2} feet depth give an average
value of 3'061, those above 2} feet a value of 3']51 and the whole series
an average of 3° 118, which 15 also not far from the theoretical 3°089.
The last three obscrvntmns shown were made for the writer, with a
current meter the rating table of which was checked and revised shortly
after the observations. These give a coeflicient of 3083 at 4% fect gauge,
as compared with 3'18 by Mr. Dixon’s curve : and it is significant that
the meter observation at 4°69 gauge gave 6,803 cusecs at the same time
at which the velocity-rod observation gave 6,976 cusecs, which would
reduce his coefficient of 3718 to 3°10.

In the writer’s opinion, this meter, also, discharges according to
the theoretical formula. At the same time it should be stated that the
gauge well 1s placed above the point at which a masonry floor ngdly
ﬁ:-:es the section and the velocity of approach, and projects into the fow
in a manner that produces cross-currents and differences of water level
across the canal ; it is therefore possible that the gauge 1s reading
wrongly.

On this work the writer has tried to obtain a gauge-reading which
should include the velocity of approach. The extensions of existing
pier noses were all made hollow with orifices in the upstream point.
Results are uncertain, apparently on account of the cross currents refer-
red to : and Mr. Dixon reports that these gauge wells silt up too rapidly
to be useful.

The fourth part of Appendix III shows observations made on a
smaller meter that Mr. Dixon designed and built on a distributary ; the
writer calculates an average value of 3715 for the coefhcient, while the
Executive Engineer states (but does not show) a value of 3'1. This
meter was built so as to head up supplies very considerably ; the wnter's
calculations assume original unchanged bed levels 1n arnving at velocities
of approach but it would appear that the Executwe Engineer has taken
actual and higher values, which would give his lower coefficient.
Local officers have accepted the meter as correct.
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At all the sites dealt with above a free fall is available, except that at
Balloke where the fall is at times drowned, but never by more than the
two-thirds that still fails to affect discharges. Where less head is available,
a downstream glacis can be built down from the raised crest, or an
expanding flume from the narrowed gullet. In'the arcumstances under
which this note is written, the wriler is unable to give specimen designs
of such works that he has built ; il necessary these can be supplied later.
A slope of | :15 is safe for such a glacis.  For an expanding flume a
widening of 1:10 on ecither side is usual, but the writer finds roughly
that 1 :5 1is practically as effective, and that attempts to find a curve
which will secure the best recovery of head are not worth while.
After all, if such a curve were to reduce the ratio of afflux needed from a
sixth to an eighth, this would only make a difference of 3 in the afflux
needed for a meter flowing 6 feet decp, and proportionately less in smaller
meters. In designing a meter for a small available fall, it must not be
overlooked that the worst silted conditions downstream must be allow-
ed for. In some cases in which such a meter is wanted for regulating at
the head of 2 branch canal, a fall within a mile or two of the head can be
used : this need only be read every two or three days ordinarily, interme-
diate gauge readings being given from the varations of the ordinary
regulating gauge. As a further point of detail, the writer generally has
a gauge graduated to read cusecs direct instead of {eet, to fix above such a
work.

In the specific works referred to above, the crests are so long and depths
so small that no special provision is needed against action downstream,
Where the work is to consist of a set of narrower deeper notches, the
writer proposed to add expanding flumes in which flow would become
broader and shallower. With relatively high levels downstream, a
standing wave would form within the flume ; with a free fall a relatively
thin sheet would shoot out horizontally from the edge of the floor. The
idea has not been tested practically so that nothing can be said of its
effectiveness ; and prima facie it does not promise to be a cheap design.

Mr. C. C. Inglis has been experimenting at Poona, with a type of
fall the upper part of which 1s bult to conform to the requirements
of a broad-crest meter, flow from which is carried down an Ogee gladis
at the foot of which a standing wave is formed ; the principal object
is believed to be an economical design, it being suggested that the glacis
need only be an apron of reinforced concrete, It is hoped that he will
contribute an account of his results to the discussion on this paper.

Another form of fall has been suggested by Mr. F. H. Burkitt ; the
upper part conforms to the requirements of a broad-crest meter; the
flow from this 1g dropped on to a reinforced concrete slab, rising down
stream and with a parapet at the downstream edge. It passes to the
underside of the slab at the upstream edge, and then flows downstream
through the expan "ing tube formed by the canal bed and the rising slab :
Mr. Burkitt suggests that this expanding tube is likely to be the most
effective way of killing wave action,
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An investization has recently been made by Mr. Darley, for a fall
that would effectively kil action, for use on the Sarda Canals, The
types tested were i—

(1) a raised crest, of lencth=bed width -~ supply depth ;
(2) a raised crest, of length=bed width -only ;

(3) a standard Punjab notch ;

(4) a * re-entrant ’ notch ;

(5) a " re-entrant’’ raised crest;

(6) a contracted sullet.

The " re-entrant’ falls are suggested by Mr. Hickey : the crest seems
to be a V in plan with the point upstream, forming in effect two weirs
5 dischal‘ging mnto each other : the notch seems to be similar, except that
the raised crest also rises from the point of the V. The tests were made
on a channel 12 feet wide and 3 feet deep, and consisted of forming a
level canal-bed of sand downstream (after 93 feet of pakka floor), and
noting the scour after a period of running. Of the first three jtems,
the longest crest was best and the deep notch by far the worst, The
re-entrant falls were " extraordinanly successtul,” especially the
notch, which even allowed a deposit of silt along the sides of the canal.
The last appears to have been a " Harvey i'lume”, and did not do well
in the tests ; apparentlv the central velocity persists through the expan-
ston flume. These tests, made in Novernber 1922, did not complete the
mvestigation. Among other things it was proposed to calibrate the
re-entrant notch that was most successful. It 1s hoped that this paper
will elicit some account of these further tests.

charding t}mm, the writer would however observe, first, that the

re-entrant notch can be calibrated for a free fall, but will have to be given
a free fall ; 1t will thus have a more restricted feld than the broad-
crest meter fall : sccond, aitention seems to have been concentrated
on bed scour, which it 15 easy to protect against, while the more trouble-
some wave-wash does not appear to have been waiched.

e s sa e ay 82

This note is written on board the steamer, zoing home on leave.
Anyone who has tried to do a job of work under these circumstances
knows that they are not prepitious ; and with the utmost forethought
it 1s 1mpossible to avold gaps 1n the material set aside to be available
in the light baggage. The writer therefore asks a little extra indulgence
n judging this piece of work,
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APPEN
OBSERVATIONS ON

BHOWANA FFALL.

2 notehes, l= 270, n= 0-364. Canal bed at crest level, 23 feet wide,
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Dlx li

TRAPEZOIDAL NOTCHES.
TATNIKHA FALL.
6 notches, | = 245, n = 0-543. Canal bed at crest level, 123 feel wide.

D d h = d+]1a = G
1,679 6-47 007 | 634 4-20 0-880
1,650 645 0-07 652 435 1-016
1,593 645 007 652 | 420 0936
1,698 6-43 : ?

1,682 643 007 630 | 405 0975
1,684 642 0-07 | 649 ! 4-29 0986
1,660 638 , 3 ?
1,670 637 007 | s E 419 0-992
1,656 636 | ?
1,582 631 001 | 38 408 0964
1,646 630 I ?
1,716 627 007 | 634 404 11055
1,509 603 006 6-09 367 0972
1450 603 006 | 609 365 0-040
1,382 589 006 | 505 336 0908
1,377 5855 006 | 591 3-525 0934
1,375 573 006 | 579 340 1:006
1,211 541 ?
1,236 524 006 530 346 - 0954
I
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APPENDIX IL

1. Broad-crest Weir,
Let d be the eleva-
tion of still pond

7 A . water surface above
. H weir orest,
A4 Let h be the differ-

a_ EIGE of water
levels above and
below the weir.

e

O a vertical seclion
A B through the
stream, at  any
point P whoss
height above
crest=j,

v2 2 +plw=d— ¥
piw =d-—h-=y
Jlr‘}rr = h or v= '\_;"'r)t'h
C‘DD = {d—Tl -||'.r }{ﬂ
differentiating with respecl to h and equating to zero,

(d—h)

B VI — O
h = dj3

So D is a maximum when h=d/3: if h be greater than this, the dis-
charge will obviously not be less than that ; but there will be a drop of only
d/3 upon the weir crest, which is converted into velocity and a drop of h—d,u'd
from the crest, which iz wasted.

This maximum D=2/3d X 4/9:d/3
= 30894d""

2. Narrow-crest Weir,
(Due to Mr. E. 5 Crump.)
Let d be as before,
i and h be the drop of
"I}I water surface  before
leaving the weir crest,
Y under free fall con-
ditions.

o At the surface vertically
N, Over the weir crest,
W,

11'. p=~0andV, = "H-KE;

N,
& M‘%‘Rﬁ\\% AR %\

P
&

At the d. s. edge of the
welr erest,

p=0and Ve = 4/2gd
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Between these two points, on a verbical seclion pressures and -,ré,ldl,]_mea for
equlhl}rlum must be distributed as in a free vortex ; that is, ac]nc]_tt iz 1|_~.,|,1~3re,1\.
proportioned to the distance from the centre of the 1.0; tex, :

Let v, be the clu::l}t.h of that centre below welr crest

Then Vo/Ve = (y, + d —h)/y, = 1 - {d — h)fy,
But from the first two eguations, '

VelVs = 4/djh
“(d = hify, = 4/d/h— 1 --—mf’d—ﬂv"rhjﬁfh
R = 4/h (4/d +4/1)

At any point at height ¥ above the vortex centre,
V=V, X7y
= 4/2gd /i (vd+ J}r}f}
So the total discharge in unit width. . = i i O
v a

D — 4/2gdh (VA + v’h:l f dy/y

—= 4/2zdh (4/d ++ /h) m;} v, + d-h)jy

— 4/2gdh (4/d + V/h) loz /Al
Putting f for h/d.

= 4/2gd V1 (1 + V4 log VITE
Differentiating with respect to f and equating to zero.

L ) _ i =i
log V/1]i (1+ *JV’E') Fa/1 (141 ) /T 19 =]

log V/1/E f(]— E\Kf )—* (I14/1)/ 2T
-—{'"—Q-;,f_— log 4/1/f = —1/2 log £

When f = 0-22, both sides of the equation = 1-315.

Therefore, the maximum discharge takes place when
h =022d

“and then T — 4-184 d15
A, Tvue brood-cresl welr,

'B}' part 1
D =3089qa'”

By part 2

SR [ = =

D =4/2g 47 VI (14 /T ) log /1]t
This is satisfied when { =035, 8o, when the weir satisfies the conditions
explained in the note, the drop of water susface on the crest iz 0.55d with
a free fall, as compared with ©-35%3d a+ the minimum that will pass
the broad-crest discharge. That is, in toe part of the flow in which
pressures are not se-n-'ﬂbl;,r less than t.h-;:use due to depth below water surface,

aurface levels in the two extreme caszes do not differ much. .
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As long as h/d is between 0-20 and (38, the theoretical discharge by part 1.
is not reduced by more than 1 9, ; and when hfd is 0-22 or 046 the reduetion
is only 5 9,: such reduction of pressure as there is, increases velocities. So
these two tendencies are in opposite directions.

The result is that many works discharge near enough to the broad crest
formula for practical purposes; if they are provided with a downstream glacis,
or if the ratio of free fall to depth is somewhere between } and §.

4. To find a simplified formula for discharge of the Balloki waler full,
see table 2 of Appendiz I11.

D=Kdada*

As the range to be fitted with reasonable aceuracy, take for 8,000 to 750
cusecs,

6-410\n _ $,000 o g

- (1*351) == 4-690™ =106

taking logs, 0671 Xn=1028  n=1332

: his may be simplified to 153, if the method of working used makes this
simpler to use.

If discharges and dc}l)tha were plotted to logarithmic scales, the points for
8,000 and 750 cusecs would be almost in one line for n = 153 ; between them
diar.:harges lie on 2 curve to one side of this line ; it is required to find a value of
K that will give roughly equal extreme plus and minus errors.

8,000 = 6-4101"5% = 8,000 = 17-16 = 4663
4,500 == 4-41113% — 4500 ~ 970 = 4640
2,400 — 29319 = 4600 ~ 518 = 4633

750 - 1367193 = 750 = 1'615 = 4642

(Three points are enough ; two intermediate points are taken here to show

that the geometric mean of extremes is a better point to note than the grithmetic
mean).

As a suitable mean take E =465.
The discharges in the last column of table 2 of Appendix IIT are worked
out by the formula D=465 < d! 33

and agree with actual figures better than necessary for ordinary purposes.

5. Specimen caleulations for a meter.

Existing fall has a crest raised 2-5 feet above u. s. floor.

10 bays of 20 feet. Bed-width 236 feet. I7. 8, L. for 8,000 cusecs to be 7-7
feet above floor,

(a) Keeping existing length of crest.
8,000=309x30 X 20 x 5511
so for 8,000 cusecs, (d - h,;) = 5-51
8,000 = 7T7x (2364+-7-7) x 426
4-262

e =0-285=h,

7 T0—5-514-0-285=2-475
is the height of crest required: Hut it is not worth

. while lowering the existing
crest by 0-025, s0 it may be reta:ned. 3
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(B) Velocity must be sufficient to keep u. s. floor clear of silt, so that section
and velocity at'the gauge well are defined and constant.
v=:=4"2{ d=17"7 v=136 V,
which iz more than ample,

If V, were specified, the crest would have to be raised or the floor
lowered by 1°57, making depth on floor d =%-3.

(¢) As an alternative to (@) assume that ‘' normal” depths are to be main-
tained : then, crest must be (T'7T<10) feet above floor.
2,000 = 300 x10x1385 X (71T—0-774028)10
an each bay must be reduced to a noteh 13-35 feet wide.
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. APPEN
1. UPPER CHENAB CANAL
Crest, bays of = 150 feet, Canal bed 3-]1 feet
|
Discharge. depth. b d+-h L K l Frce Fall.
4,082 | 377 0-139 3009 3520 .
3,238 ‘ 346 0096 3556 3+220 }
3,050 | 3-30 0090 3480 3125
2816 | 322 0078 | 3298 3-130
4779 | 447 0°156 5 4626 3200 |
1,529 J 4047 0°140 ‘ 4610 34050 [
5047 | 468 0-164 ‘ 4844 3165
5,231 185 0169 | 5019 3:100
4,823 l 1775 0146 | 4921 2045 4579,
4700 | 471 0°146 [ 4-856 2-980 4489
4,936 70 0157 4857 3085 436%
5,263 134 0171 i 5011 ‘135 44-29
7051 5-89 0-237 6-127 3-100 1009,
6,706 578 (220 6000 | 3045
6,174 547 0201 | 5671 | 3050 1009
3,669 550 0-165 | 5355 | 2740 88-79%,
6,066 535 0-200 ' 5350 | 3090 lr 92-5%
5,262 183 0171 5-001 | 3140 9009,
5,333 400 0+173 ] 5073 | 34110 96-0%,
4,866 476 0149 , 4909 2980 8539,
5,926 5238 0194 | 5474 | 3080 86-7%
5,947 523 0197 5427 3140 100%,
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TAIL-METER OBSERVATIONS.

bolow crest, 192 feel wide.

D, d. h, dth, K.

5,683 595 0-180 54430 2900 6289,
5,568 5045 0482 5227 3105

6,214 545 | 0204 | 5654 3065

4,406 435 | 0136 4-486 3-000

2,878 399 | 007 3-409 3045

3,881 404 01186 4-156 3050

5,733 506 0191 5951 3180

5,624 503 0186 5216 3-150

3786 | 405 0113 4-163 2-70

2,202 2473 0-061 24791 3103

5,130 491 0-160 54070 3000 |
5,150 470 0-170 1-870 3100 ]
5,476 5-00 o177 | 5177 | 3100 |
6,088 542 0-198 | 5618 5030 |
6,214 | 548 0-207 5687 3085

5,859 530 0188 5488 3050

5,427 525 ]G4 L h4l4 TRT0

6,304 556 0-210 5771 3075 B
8,081 529 0197 2487 3100

6,408 544 0224 5664 3210 B
6,373 |. 517 0230 | 5400 3370
5,664 506 .| 0°187 5247 3150 o
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APPEN
2. DISCHARGE CURVE OF UPPER CHENAB CANATL
D, _ d_Hla, h o d: .
8,000 G681 0271 G410 7,975 -
6,000 5:513 0197 5316 5,080
4,500 4:551 0140 4411 4,502 -
2,300 3-701 0-085 3-606 3,307
2,400 2093 0063 2030 2,408 :
1,800 2471 0-042 . 2429 1,807
1,350 2040 0028 2:012 | 1,356°
3. UPPER JHELUM. CANAL TAIL-
Creat, 10 bays of 20 feet = 200 feef,
D. d hy i d+4h & [ K.
510 095 0006 | 0936 2730
1,200 145 0025 1-475 3350
1,040 1-47 0019 | 1-439 2862  |meanof 2
1,150 |54 0022 | 1362 2045 -
2,080 2:11 0053 | 2°163 3265 -
2,166 2-17 0-058 | 2228 3-257
2,760 266 0076 | 2736 3048 -
3,500 3-09 -0 | 34194 3064
4,760 3475 0154 | 3904 | 3082
4. METER ON DISTRIBUTARY 14-R. OTF
Crest 25 feet long, Canal bed,
202 052 l 0-001 0-521 .310  jmeanof 2
793 100 ) 04007 1007 314 w2
14847 150

0018 1518 320 - o 4
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DIX III.
TAIL-METER (D=g65xa 1)

D d+h, b, d D

1,000 i! 1670 0018 1-650 1,002
750 | 1378 0011 1-36% 780
580 | 1-134 007 1-127% Ga8
420 0-937 0004 (833 418
320 | 0781 0003 0778 317
240 j 0545 0002 0-643 237
180 0532 | 0001 0531 | 177

METER OBSERVATIONS,

Canal bed, 25 feet below crest and 236 feet wide.

D d h, d+h, K
5,240 , 388 0-179 1059 3202  |mean of 2
5,170 391 ' 0178 4083 | 8-133 5w B
5,400 305 0°186 4136 3213 -
6,580 444 0237 4677 | 3252 .
6,076 | 469 0-248 1938 3180

7,090 474 0-252 4992 3180

6,803 160 0236 | 4025 3110

6,881 £77 | 0235 | 500 3070 |

6,878 £77 I 0-238 ‘ 5005 | 3070 i
UPPER JHELUM CANAL.
2-87 feet below crest and 27 feet wide.

1768 168 P D024 [ 1-714 3-14 mean of 2
2088 190 [ 0030 | 1030 311 |, 2

s o om  f o
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DISCUSSION.

In the absence of Mr. Lindley, the paper was introduced by Mr., Colyer
who at the same time gave his own views on the subject,

He wished to emphasize the prqcti&al importance of pages 81 and 82
of the Paper and recommended their careful study.

Even when bed-scour had been provided against, wave-wash or
pulsation usually remained, and was the chief cause of damage below
falls, flumes, and bridges,

He thought the reason for abandoning the ogee form of fall, was that
people hesitated to provide for the high velocities developed thereby. . -

The standing-wave or * Hydraulic-jumnp * was undoubtedly the most
efficacious single means of dissipating such energy, but attention was
drawn to the error made by some of the best theoreticians in concluding
that this phenomenon could, by itself, abstract the whole of the energy.
Experiments which he had made on small models, of from one to twe
cusecs’ discharge, showed quantitatively that whereas in one case the
depth of cistern theoretically necessary to produce a standing-wave, was
only 6 inches, the provision of a cistern 2 feet deep considerably further -
reduced the surplus destructive energy, both of velocity and of pulsa-
tion.

Various methods of destroying surplus energy below falls had been
tried. Roughened, or cellular pitching of the side-slopes had not proved
effective in any but the smallest channels, on account of the relatively
small proportion of the total discharge which was affected thereby,

Side-cxpansions of the channel with bottle-neck egress, with the
sides and part of the bed protected, had been tried by him in several
cases and found eventually ineffective, as the smooth swirl-chamber so
provided, did not abstract the energy from the eddies, which therefore
persisted and attacked the channel farther downstream, Mr. Routh,
however, has found these " bottle-neck ’ expansions effective,

The difficulty of combating wave-wash and smooth persisting eddies
was that, although the small amount of energy contained therein could do
considerable damage to carthen banks, 1t was extremely difficult to ab-
stract 1t, :

As Mr. Lindley remarked, the only satisfactory treatment was to
attack the cause. The speaker had attempted a solution as follows :—

The trouble consisted mainly of three parts: high scouring-velo-
city, destructive eddies both smooth and turbulent, and pulsation or wave-
wash. It therefore scemed sound in principle to take this velocity and,
keeping it well in hand, lead it by an easy path to form a standing-wave,
and then turn it back upon 1itself, and by giving 1t a negative direction,
to counteract its kinetic energy ; and, to prevent this from merely beine
converted into potential energy, to cause as violent turbulence as possible
for the abstraction of energy in eddies and heat; and then to screep
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* out the large eddies and pulsations, before once more gradually leading
the effluent to the normal channel at a normal velocity.

The first phase was accomplished by gentle side-cxpansion and a
sloping glacis, in place of the usual sudden expansion and abrupt fall ;
the standing-wave forming somewhere on the glacis, and abstracting part

of the energy. (Sce plate 1).

To effect the next abstraction in the best manner, experiments were
made on various forms of deflector (vulgarly, * biff-wall’). A quanti-
tative comparison of the three shapes shown in Plate 3, resulted in scc-
tion C giving an improvement over section A of :—23 per cent. reduction
of effluent velocity, and 50 per cent. decrease of effluent pulsation or wave-
wash. _

An unexpected result was that section B which was a rectilincar ap-
proximation to section C, was not nearly as effective as the latter ; the
local turbulence caused by the rectangular corbels, seeming to affect
adversely the reversing action which was more completely achieved by
the smooth curves of section C.

Similar experiments showed that the most effective height of this
“biff-wall ° was such that it should just act as a weir with a free fall.
(See Plates 1 and 2.)

This also was a surprise, for it had been thought that to again create
turbulence would re-establi:h wave-wash and scour. The experiments,
however, definitely showed that both the velocity and the pulsation evils
were greater under drowned-weir conditions than under well-zrated
free-fall conditions.

To obtain a maximum screening effect, this weir chould be as long
as practicable, and, where the downsiream F. S. L. was comparatively
high, it- breadth should approximate to twice the depth of water over the
crest, so as to ensure a free-fall.

The third and last stage, that of delivenng the effluent at the normal
channel section as a smooth and eddyless stream of normal velocity, was
found to be hest accomplished by warping or * winding " the side-pro-
tection from the vertical into the designed normal side-slopes, in the
maximum available length, and in the case of previously eroded beds, to
run the floor down as a glacis, to at least old-scoured-bed, at a slope of
from 1 in 3 to | in 10,

Experience showed that the side-pitching needed to be * pakka’
until 1t reaches a slope of | 1n 1, and, after that a short length of
smooth (not cellular) pitching laid on ballast, followed by bats roughly
strewn on at least nine inches of ballast, formed an 1deal protection.

A suitable rate of side-éxpansion was 1 in 10 on each side.

Some people had been afraid of this design on the score of first cost,
but after independent investigation and strict scrutiny of cost compared
with other methods, it has been accepted by the Chief Engineer, Sutlej
Valley Project for use on new works.
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Another possible objection which had been advanced was 1ts hiability
to attack by eddying bricks and stones, and consequent formation of pot-
holes. Actually, it was less liable to this defect than any other existing
- form of fall, and where such action was anticipated, it could be obviated
by the provision of fillets or splays of masonry to ease the abruptness
of rectangular changes of direction of flow. (See Plate 2.) '

Natwally, with a device of this kind, the best materials and work-
manship were essential, and this is where the Sub-divisional Officer came
in.

As examples of the efficacy of a sloping glacis for the treatment of
bed-scour below falls and bridges, he mentioned the bridges at R. D. 8,000
and R. D. 307,000. Lower Bari Doab Canal, where the provision of =
short extension of the loose stone apron, sloped down at | in5or | in [0,
caused silt-deposit in the place of scour.

He agreed with Mr. Lindley that the desirability of maintaining
normal depth at all supplies, had been overdone ; in fact, nowadays,
in distributaries it was usually enough to legislate for full-supply-depth
alone, owing to the excellent custom which had grown up in the last ten
years, of running distributaries in turn at full-supply, and closing them
after their turn, =

He also referred to the somewhat ill-informed notion that a raised
crest impeded the passage of silt, thereby causing silting of the bed,
People who alleged this condition usually failed to prove it by reliable data
of the hydraulic and other conditions both previous to and subsequent
to the construction of the crest.  Actually, any observed silting was usually
réau§cd by the unintentional flattening of the surface-slope, due to faulty

esign,

He fully endorsed Mr. Lindley’s advocacy of the conversion of falls
into meters. The cost was slight, and he had found that, especially
on distributaries of a length of ten miles and over, the increased control
over distribution afforded by the division of the channel into metered
sections, was invaluable.

‘ With regard to co-efficients, the bare fact that the co-cfficient pres-
cribed for the old Standard-notch changed with a sudden step of ten per
cent, at a point dependent upon the judgment of the individual, was

enough to condemn 1t ; in any case the results seemed much less reliable
2

than those obtained by using a broad-crested weir, where Q = KBH . and
H incduded head due to velocity of approach. In practice it was best

to use the form Q=KBH', where H was the crest-gauge reading
and did not include velocity-head. K remained constant, and velocity
of approach was accounted for by fixing the constant exponent n, from a
logarithmic graph in which computed values of head due to velocity of
approach at various gauges were plotted. .

In the second line of p. 89, the figure 3'90 was a musprint for 3'09,
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- He agreed with those who held that departure from a broad-crested
rectangular weir of standard proportions, involved conditions, which,
if not actually uncertain for a given set of data, obviously tended to vary
for differing data much more than in the case of the type proposed, which
had a practically constant co-efficient over ordinary working ranges.

~ With regard to Mr. Crump’s standard design and co-efficient, un-
fortunately Mr. Crump did not publish his results and views to the ex-
tent which was not only justified by their value, but which was morally
incumbent upon persons gifted with an abnormal proportion of erey-
matter. He had, however, told the speaker that the factor 2H for the
breadth of crest and length of horizontal parallel-sided throat, was such as
was found by experiment to contain, for all ordinary conditions, the point
of contraflexure, at which paralichsm occurs ; a ZH radius for approach
curves, both in a horizontal, and in a vertical plane, was an empincal ratio
sufficiently approximating to the °bell-mouth’ to ensure stream-linc
entry.

The plan of the Upper Chenab Canal Tail Mcter was very similar
to Mr. Lindley’s Plate 1.

Another unpublished but important point was that Mr. Crump
tested the 3'09 co-efficient on this meter by measuring the actual * con-
tracted = water-surface, at or near the point of contraflexure, which was
also the locus of the *two-thirds-depth,’ and found that the discharge
computed from the observed drop in water-surface and the contracted
area, was practically equal to the full theoretical discharge.

Careful tests showed that the variation from the 309 co-cfficient,
was within one-half per cent. for the wide range of working gauges of

275 to 60 feet.

Mr, Lindley’s figure of 1 in 15 for the slope of a glacis was over-
generous. Actual tests showed the percentage recovery for different
slopes to be —

Abrupt g - .. 66 per cent,
lin5 o s +. 80 per cent.
lin 10 e i .. 02 per cent.
Iin I5 s s .. OB per cent,

The value of gradually expanding sides, “ warped * from vertica
to normal side-slopes, and of a special dissipator, for preventing wave-
wash, had already been mentioned in detail,

Mg, W. P. THoMPsON said that the 1bility of utilizing falls on
canals and distributaries, as meters had occurred to many irrigation
engineers, but they had not put the suggestion into practice except that
"a ledge at full supply level now formed part of the design of falls,

When the water level was up to this ledge it was possible to knew
as_f::icx_passed down a distributary whether full supply conditions pre-
vailed.
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The channels, the correct discharges and water levels of which werce
most important were the distributaries, because the main channels were
subject to regulation of supply and of water level during rotational work-
Ing.

The method adopted, so far, for gauging the supply passing a fall
was a gauge in the stream below the fall. This was satisfactory, for the
purposes of the Irrigation Department, Punjab, so far—the gauge was
read to onc-tenth of a foot by the gauge-reading staff without difhculty,
and they had been content with the percentage of ervor which such readings
might involve 1n the indication of the discharge passing ; neglecting
varying conditions of bed silt, as outside argument.

There might come a time, however, when owing to contracts for
supply of water at volumetric rates, 1t would be important to supply
a quantity which would be say, exactly 21 cusecs ; and whea; 1t would
be 1mportant to know with exactitude ‘the quantity passing in deflect 0{
_this, to one cusec, or even less.

. 1
Then, undoubten:“y,_thn_:: fall calibrated to myth of a foot would |
become a necessity on distributary channels. On larger channels it
had shown its value in the calibration of the supply passing at the tail

of the Upper Jhelum and Upper Chenab Canals.

Another point, Mr. Lindlcy wrote it 1s held by some that a raised
crest impedes the passage of silt " and went on to say ** Mr. Woods
supported this view in a paper read before the Congress in 1916.”

He thought the expression " impedes the passage of silt " was
misleading. The effect of a raised crest might be a change in bed regime,
but, the fresh regime established, no impedence to the passage of the
silt seemed possible.

The Author appeared to be under the impression that as a result of
the introduction in 1916 of a method of regulation, whereby the lower gate
of the regulator at Faquirian was utilized as a crest, there was a diminution
of . the scour in the canal.

This was not so, and the scour appeared to be still progressing slowly.

A sheet is appended of the result of monthly observations since
1916,
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— —— —

SARDAR Bauapur PraBH SINGH said that the design of the works
helow falls in his experience had a great deal to do with the amount of
side scour. He had invariably noticed that where there were heavy
side splays below, there was a tendency to considerable side scour, while
in the case of falls in which there were no side splays below, the tendency
to side scour was greatly lessened. '

On page 83, the Author had quoted the opinions of certain
engincers on the effect of raised crests on passage of silt, The speaker
pointed out that this question was discussed at full length in his own
paper No. 96 on Principles of Design for proportionate flumes at heads
of channels read before the Congress at this session,

Tue PresiDENT said that 1t would appear as if in’igaﬁan cngincers
in the Punjab at the present days were coming back to the solution of
the problem of destroying excess energy at drops in canals by means of
rapids. A study of old canal records showed that originallyin the older
canals, this was the method adopted but later on proper falls were intro-
duced. Rapids again were now coming back and probably at some time
in the future these might again be superseded by falls. He considered
that generally rapids were preferable to falls. He endorsed Sardar Prabh
Singh’s remarks as to straight exits below falls. On the old Sirhind
Canal beautiful ogee curve: were provided below falls and had silted up
and straight pitching had been laid on the silt at some falls.

MR. D. ]. Mornris said there was one point of practical importance
in the design of rapids of the standing wave type and that was the thickness
of the floor of the glacis. Very often, there might be a pressure equal to
4 or 5 feet head of water, or even more, tending to lift this floor and it
would be very costly to construct the floor to take this unbalanced pres-
sure, and it was possible that this high cost might make the expense of
the structure prohibitive.

MR. NicHoisoN said in connection with the remarks in the last
paragraph of page 81 that on the Sirhind Canal some years ago an experi-
mental fall was made at Rupar with sides of glass. In this case the greatest
damage in the " cistern " took place when 4 inches of water passed over
the crest, although experiments were made up to 18 over the crest.

MR. BURKITT said that the factors of stream levels and width of
channel came into the design of rapids of the type mentioned by Mr,
Morris, He agreed that for wide channels, the cost of strengthening
the floor to take the uplift pressure might prove prohibitive, but where the
channel was narrow, the cost would not be affected very much,

MRr. F. F. Haicn, said Mr. Colyer, suggested the use of a cistern
designed to absorb the energy of the water by turning the stream over
on top of itself. )

On the Upper Bari Doab Canal, Main Line and Branches, there were
many examples of both falls and rapids. The falls had cisterns designed
on the old lines and there were two points wherein these were defective,
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Firstly, they were very susceptible to damage by drift wood of which
considerable quantities entered the canal at certain seasons—sleepers
got caught in the cistern and were unable to get out. Some times, if
not remioved, they remained for two days and did considerable damage
to the crest wall and bridge piers.

He had known a three-feet wide pier battered through in this way,
It appeared to him that a fall designed as suggested by Mr.Colyer would

suffer from the same disadvantage.

Secondly, repairs to the bed and the lower portion of the sides of the
cistern could only be done after the cistern was dewatered. The cisterns
were usually below spring water level and were by no means water-
tight, and consequently the cost of dewatering was frequently four or
five times the cost of the repairs. .

On the other hand, a rapid was far more accessible.

PunpiTr MooL CHanND SHARMA referring to the President’s remarks
with regard to falls versus rapids, suggested that it was preferable to stick
to falls, and utilize the energy. Well falls were suitable for this purpose,
and he considered that they could be con.tructed more cheaply for the
same head and discharge conditions. -

Mg. B. DARLEY wrote that in the United Provinces, cisterns below
falls had been given up everywhere, and it had been found that when
canals were run with the usual supplies, there was sufficient water
cushion to protect the floor below from any damage which might be caus-
ed by falling water. Supplementary weirs below high dams were being
abandoned for the same reasen. The usual practice was to give a supple-
mentary weir where the main dam was more than 30 feet high. It had
been found in practice that these cisterns below falls and weirs collected
debris which caused more damage than if the cistern had not been there.
A good example of this could be seen at the Chahia Dam in Benares State.
This dam was founded on a sound sandstone base, the lavers of which
howevei being rather thin. The dam was 44 feet high and onginally
a supplementary weir 14 feet high was built below it. The river carried
a certain number of trees when in flood and the first year after construction,
these collected in the cistern formed by the supplementary weir and were
seen to churn about, pounding the rock floor of the cistern. This action
evidently continued until the thin layers were broken up, one after the
other, and water admitted to a layver below the foundation level of the
supplementary weir which then moved downstieam in sections, still
standing. The following season, a thin layer of cement concrete, one foot
thick was laid ove: the downstream floor for a distance of 35 feet from the
toe of the main dam. This had withstood the action of the wate: falling
44 feet without any cistern for the last 10 years and had given no trouble.

In regard to scour below falls, tos walls below falls and weirs, built
on very light or sandy soils were to be avoided as a means of protecting
the work from being undermined by scour downstream. The saturated
sandy soil would flow under a toe wall with the scour hole below, leaving
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a cavity under the floor of the work, which would collapss. A flexible
mattress of pitching laid on a slope as described by Mr. Lindley was safe
and salisfactory as 1t indicated at once when the work was in danger,

Roughened pitching should be avoided as it only set up eddies which
tended to Increase the scour.

Notches had been abandoned for years in the United Provinee:
and raised crests substituted, since they caused much less action down.-
stream. INo appreciable silting had been noticed upstream due to water
heing held up above the normal depth when running low supplies,  Such
silting in any case, would only continue till a new * regime ™ channel had
been formed ; then, as supplies were acain increased, this silt would
be picked up once more and carried on.  The writei-had little to  add
concerning the “re-entrant ”  falls suggested by My, Hickey and about
which the Author asked for further information. These falls appeared
extraordinarily successful where fist tried on  a small anal just below
Naini Tal which carried enormous quantitics of very coarse sand. When
tried elsewhere on an ordinary Irmgation channel which carried very little
ailt, they gave results no better than the raised crest fall. Another type
destened by Mr. Hickey on the same principle for falls 1n larger channels
was next tried with the same result, viz,, 1t was more expensive and no
better than the raised crest fall. The raised crest fall was therefore being
adopted everywhere on the Sarda Canal where there were a laree number
of falls on big channels, one or more gaps 4 to 5 feet wide were being left
in the crest. These would always be planked up hefore the canal was
yun znd could be opened when the canal was closed, to quickly unwater
the bed upstream,

On similar canals and channels  where falls were far apart, pipes
through the crest at upstrcam bed level drew off all water at once when
the canal was closed. Mr. Lindley's paper was most interesting and the
writer thoueht that on the Sarda Canal they should he able to avoid the
construction of several expensive discharge sites by calibrating falls near
at hand and thus obtain mere accwate results than these usually obtain-

ed.

Mr. Corver replied to the discussion on behalf of the Author and
said that the time for accuracy in gauging the discharge of channels,
mentioned by Mr. Thompson as ‘coming” had alieady come. The chief
disease to eliminate was = Hydraulic Appendicitis 7 or Tail Trouble,
To Sardar Bahadur Prabh Singh he said that silting might oceur above
araised crestif the channel did not run at full supply,” but modern practice
was to run a distributary at “full supply, or close it, and a weir meter help-
ed to ensure that full supply was beine run,

Regarding the President’s remarks, two rates of expansion or diver-
gence proposed weie not ideal, as they we.e imited by considerations of
economy of fst cost.

Myr. Nicholson had mentioned the raising of the maximum velocity
of the stream line. The intention of the bifl-wall was more, the reversal
of divection, and the conversion of energy into heat,
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To Mr. f?u.r!:itt he saic_l it was not always necessary to keep the supply
depth proportional to the discharge, but that in a flume weir, a depression
of 09 D gave propnrtmn'aht}:. He thuught M. Haigh's difficulty about
the sleepers would not arise, if the ¢'sterns were not made too deep, and
the biff-wall made about half the depth of the normal channel.

Pandit Mool Chand Sharma had raised the question of cost. [t
had becp shown that for most ordinary canal falls, the * rapid ”* type was
economical. _

It was very interesting to have the point of view of engincers of other
Provinces. The C-i::ﬁdltlﬂl‘ls menlh:_:ned by Mr. Darley were very different
from the usual Punjab canal conditions, The purpose of the “ dissipator,”
i.e., of the cistern and biff-wall together was not to act as a water cushion
but as a deflector to turn the current back upon itself. -

In the Punjab there was usually no difficulty owing to trees floating
in the canals.

He agreed that toe walls were not good and that it was best to us= =
sloping glacis.

SUBSEQUENTLY COMMUNICATED.
Mg. C. C. InGLIs wrote that in the Bombay Deccan, falls were rarely

necessary on main canals, which ﬂuwc::l on a falling contour of about one
foot per mile along the sides of the niver valleys.

Distributaries, on the other hand, flowed from the canals towards
the rivers on subsidiary ridges and the gradient was often of the order of
1 in 100 or even steeper.

Consequently, falls were mostly required for distributaries carrying
less than 100 cusecs.

The design hitherto adopted consisted of a notched fall with a vertical
drop into a stilling pond downstream, the sidewalls acting as buttresses
to the notch wall and also as side retaining walls. The cost of this desien
was very considerable and the falls were liable to develop leaks or even to
he outflanked owing to the subsoil water gradieni being of the order of
[ in 3.

The objects aimsd at in the new standing wave flume fall design
were —
(1) Reduction of first cost.
(2) Prevention of leaks and breaches, i.e., reduction of mainten-
ance, etc. -
(3) accurate measurement of discharges.
(4) Standardization of correct upstream water levels to prevent
- upsircam scour or afflux.

The new design censisted of a Crump type (long throated) standing
wave flume which _tézscharged into a flume of the sam= width as the
throat, sloping at 45 to the vertical, which, in turn discharz=d into a
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horizontal Bume at the bottom of the fell. This expanded to the full
hed-widih the slope of the expansicn depending on the degres of stilling
iequired. The 45 slope was joined to the honizontal bed upstream and
downstream by curves of 3 feet radius.

In this design, the contraction was mostly made at the sides to reduce
the dimensions and hence the caost ef the sloping flume, Special care
was taken to insure the formation of a standing wave in the expanding
fAume under all conditions of flow, a small hump being provided at the
downstreem end of the expanding flume.

This hump was placed six times the maximum heicht of jump below
the tce of the fsll and the hump was so desioned that the velocity of the
water as 1t went over the hump was equal to the enitical velocity, The
primary object of this was to insure the standing wave, but on theorctical
eround it should also steady the flow and in the event of scour downsiream
of the hump, the standing wave would still remain.  In the writer’s tests,
the best results were attained when the water over the hump had just
ot free oveifall into the channd] below the hump ; but he had not, as
vet carricd these tests so far to be able to give uscful data on this point,
and, for Deccan conditions, it wes not very important, zs the strata below
falls was ncarly always fairly hard. The writer had heard that Mr. Colyer
had been working on the same lines, and as complets stilling was v;r}r
much more impottant under Punjab conditions, he cxpected this question
had becn tested in much greater detail by the latter.

The cost varied from a little less than, to about 2-3rd that of the old
desien, according to conditions ; and the subsoil water gradient round
the fall was reduced to a safe hrmit for the normal height of fall, [In
addition, accurate measuremenls and standardisation of water level were
obtained.

Tre Autnor wrote that the paper sttempied to deal with the subject
conztructively, principally on two pomts; the metering of supplics
and prevention from damage by wave-wash. The first point seeme&
now to have found acceptance in practice ; on the second, the discussion
elicited useful information. Z

One of the more cssential features of both Mr. Colyer's and My
Inghs’ forms of fall was the submerged weir at the exit.  An investization
carricd out by the Miami Conservancy Board, intended to find the best
methed of dispersing the energy of considerable discharges issuing from
culverts of dams that formed flood-delaying reservorrs, under high head
found the standing wave the best means : and it also found a simifar,
submerged weir necessary to prevent concentration of How after the wave
(Miami Reports, Part 111.) Some of the early meter-falls of the Punjai;
were made much narrower than the channel and gave trouble through
such concentration of flow : this narrowing for the sake of cheapness
was possible if a submerged weir were provided, as could be realised from
the Miami designs. Mr. Quizumbing of the Phiilipine Irrigation Service
had also sent the Author a design due to Engineer Louzada in the Dutch
Last Indies, in which the submerged weir was again a feature.
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The effectiveness of this submerged weir could probably bz explained
theoretically, Osborne Reynolds had pointed out that converging flow
was one of the conditions favourable to stream-line as opposed to turbulent
fow : the accelerated flow over the weir was converging in this sense
and tended to draw out the eddies present in the standlng wave, and thus
to screen out the turbulence.

The Author had planned experiments to test Mr. Crump'’s theory
of flow over a " narrow-crest © weir : he had only been able to carry
out some tests on a laboratory seale, The results were presented in the
following statement and diagram.

The section of weir tested was shown, tests being made with weirs
of 2" and 4" radius : the test weirs were | feet long with side cont E‘a(‘tigqg
suppressed B}r curved wings, set in a flume 4 feet wide : the weir crest
was only 8" above the flume floor, but as bottom contraction was
supp: essed and velocities of approach were small, this should not mater ;

the 1ssuing nappe was aerated underneath, and never clung to t}h down-
stream face of the weir, The discharge for upwards of two minutes was
measured in a carefully calibrated tank, the rate being checked by Venturi

meter : the depth on crest was measured with a l}ﬂGL-waufru, and the
small head due to velocity of approach had been added to 1t before cal-
culating the coefhcient,

1t was to be scen that ch-* cocfheient rose with head, and steadied
down to a maximum valus of about 3'85: this was only 0092 of the theoreti-
cal 4184, while the theovetical 509 of the broad-crest wair was fully
vealised in practice. It might be observed that the very complete collec-
tion of data of werr 'ests given by Robert E, Horton in U. S, Geological
Survey (Water-supply and Irngation) Papzr 200, seem=d to indicate a
maximuin possible weir coeflicient of about 3°9, when cases in which the
cocfhicient covered velocity of approach, or probable adherence to a
steep downstream glacis increased discharge, were excluded,

Therée was expzctation that the co-efficient would rise to the theoreti-
cal value at and above depths of 1'46 times the crest radius, that being
the ratio at which the radius fitted the vortex of maximum discharge ;
but naither weir reached its maximum at that depth, and the discharges
of the 4" weir ware greater than those of the 2" instead of less.  So such
indication as these few observations afforded was against the theory.

Acknowledgments were due to Professor Inglis and the Cambridee
University Enginecering School, for facilities and apparatus for these
tests : and to Mr. Mallock for help in staging them, and actually
making some of them,

Mr. Colyer and Mr. Inglis were good enough to send the Author
copies of their remarks ¢ he was not present at the discussion on the paper
and had still not seen the report of it : he was therefore not in a position
to refer to any more of the discussion, or even to acknowledge other con-
tributions that he had heard were valuable.
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Noles on the Design and Construction of Falls for the Karachi Scheme
5 Distributaries.

J. S. KENNEDY, M.C,, M.A., B.SC., AM. INST, C.E.
.. This is a comprehensive paper describing the design and construc-
tion of falls on small channels for irrigation. The paper goes into full

details of location, design and construction, and is illustrated by a large
number of detailed drawings and photographs of various types of falls.

Flood Damasge Prevention of Road Embankments.
H. E. pE KreTser.

This is a shorl description of the application of curtain walls to pre-
vent flood damage to roads at Batticaloa, Ceylon.

Track Circuiting.
Joun SHILLITOE.

—

This paper describes chiefly direct current track circuiting on rail-
ways to prevent signal men making a wrong movement of levers which
might lead to an accident when they aré engaged in the operation of
signals and points. Numerous drawings and illustrations are given.

Notes on Soil Temperatures.
J. E. Evans, F. r. MET. s,

These notes are based on observations made at the Oh'ervatory,
Colombo, of soil temperatures for various depths to 10 feet and for pur-
poses of comparison, the temperature: in the shade, both of the air and
evaporation are included.

_ Estate Electric Lishting.
H. FEnNTON, AM.IEE.

_ Dés_;:riiln_es n‘uathc:ds of electric lighting for Tea and Rubber Fstates
end Plantations and gives costs and notes on the most suitable types of
p]a'nts. :
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BOMBAY ENGINEERING CONGRESS, 1923.
The Method Adopted to Exclude Heavy Silt from the Jamrao Canal.
W. KIRKPATRICK, BE. "

"The paper describes the method of operation of weir shutters-and
undersluice gates at the ]amraﬂ Headworks on the Eastern Nara River,

{Tﬂm ]9[][} to Igl& and since ]9 9 WIth the rfsults Db'amt‘rl TWQ

plates of drawings are appended to the paper.

An Example of Pre-cast Concrete Construction.
L1. W. LEwis, M. INST. C. E., C.LE.

Describes the construction of a concrete tunnel with vertical shaft
over the Eastern Telegraph Company’s submarine cables in order tc
protect them at the point where the line of the reclamation sea wall at
Bombay crosses the cables about 1,200 feet from the shore. There is
one sheet of drawings.

Lubrication and Lubricants.
W, CLEvES-(GARNER.

This is a useful paper dealing with the physical constants of oils,
effects of continuous use, and of high pressure on viscosity and density
of lubricating oils, acidity, saponification, emulsion and adhesion, carbon,
srease. efe,

An Adaptation of the Standing Wave Principle to Hydraulic Testing,
G IneLns, B

A short paper describing the adaptation of a standing wave orifice
leet meking the water jump across a gap until such time as it was
de sn’ed to commence an experiment, for use in a Hydraulic Testing
Station. The paper is illustrated with drawings and photographs.

A Study of Building Construction in Ancient Indian Manuscripts.,
K. V. Vazg, LCE.

The author attempts to describe the methods of design and construc-
tion of buildings in ancient times in India, as derived fmrn various old
texts, some c:f which are 2,500 years old. The paper is more valuable
from the antiquarian rather than the utilitarian point of view.
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The Aim and Scope of the A. S. M. E. Power Test Code for Hydraulic
- Power Plants.

A. LENNOX STANTON.

This is a discussion of the aims and scope of the code prepared- by
the American Socicty of Mechanical Engineers for testing Hydraulic
Power Plants such as Hydro-elect:ic and Pumping Plants.

Notes and Tables for the Economic Design of Retaining Walls,
N. N. AYYANGAR B.A., L.C.E, aND H. G. THAKAR, BE.

Presents eight useful sets of Tables for rapid design of retaining walls
in brick and stone for various conditions of loading. and section. The
methods of calculation are explained and there is one sheet of drawings.

Notes on Badlarpur Barrage.
T. SincralrR KENNEDY.

The paper describes the Barrage Works on the Uhlas River for the
water-supply of the new Ambernath Industrial area, with special
reference to the design and construction of the barrage gates which were
constructed by the author’s firm. There are two sheets of drawings and

two sheets of photographs,

Some out-of-the-way Designs in Reinforced Concrete.
P. Srinivasa CHAR, B.E.

The author gives details of design of a hemispherical dome, a
circular tank and a conical dome, with three sheets of drawings to
illustrate the subject-matter of the paper.

Notes on Details of Concrete Construction with Special Refercrice to ihe
Report of the Bombay Reinforced Concrete Commitiee of 1922.

M. G. CERVELLO, MS.C.E.,, A.LN.A.

The paper describes the result of an examination of a number of
reinforced concrete structures 1n Bombay, the defectz found therein and
discusses the causes thereof and also contains suggestions for the avoid-
ance of similar defects In future works. A copy of the Report of a
Government Committee to investigate the utility of reinforced concrete
for structures in Bombay C‘lt}’, 1922, 15 annexed.
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pecifications for Steam Road Rollers for use in India.

G. H. TmiseLtox-DvyER, M.A., M. INST. C. E. AND C. HoLLiman,
A. M., INST. M.E.

The authors present a complete specification for Road Rollers with
special reference to Indian conditions. - The specification is amplified
with full notes and recommendations on details of design and manufac-
ture and would prove very useful in the hands of engineers in charge of
such plant.

Waler Divining.
Major C_A. Pocson, m.c., s.C.

The author has bzen engaged in water divining 1n Southern India,
and 1n this paper attempts to describe his methods and to formulite
a theory which will account for the phenomena which he claims enable
him to discover the presence of moving water decp below ground. The
language of the paper is rather abstruse. :

The Roadrail.
Major-GENERAL. SIR HENRY FREELAND, K.C.LE., C.B., DS.,0.,, M.V.0., R.E.

Describes the advantages of the Roadrail cystem as a feeder of
ordinary railways and in the development of rural aceas. The details of
construction and operztion are given and alco an ‘ndication for arriving
at working costs. Therc are nine plates of photographs.

INSTITUTION OF ENGINEERS (INDIA). VOL., V.

Strength and Wear of Rails.
A. F. Harvey, m.re, (Inp).

This paper trezts on the strength and wear of rails for ra‘lwavs
and their influence on the sezlection of the most economical section. The
limit of strength and rate and permissible limit of wear are discussed
in detail fellowed by a discussion on the selection of the most economical
section.

There is an appendix to the paper which gives the most important
extracts from the Report of the Special Committee appointed by the
American Ratlway Engineering Association, to report on stresses in rail-
road track.

Colloidal Phenomena and their Significance to the Stractural Enginger,
I. OESTERBLOM, M.E., MEM. AM. SOC. C.E.

The author, after giving a brief history of the development of the
study of colloids, and the nature of colloida! phenomena, discusses the
best means of protection of structural matenals, especially concrete,
by treatment based on a knowledge of colloids and their action. He
concludes by stating that in?crnﬂ]‘wciterpmnﬁng by using the metallic
soaps in concrete or mortar Is the most effective means of making tke
concrete impermeable.
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Jamshedpur Sewage Disposal Works.
F. C. TEMPLE, M. INST. C. E., AND V., N. SARANGDHAR, M.A., B.Sc., A.LC,

The paper describes the water carriage system of sewerage at Jamshed-
pur withspecial reference to an activated sludge plant providedin connection
with a portion of the scheme. The plant was put in to deal with a
population of 3,000 and was intended to form part of a comprehensive
scheme to be putin later for a total population of from 50,000 to 100,000,
the tank described in the paper being converted into a re-aeration tank
when the complete scheme 1s proceeded with. The plant was put
into operation al the end of 1921 and the method of working and results
obtained are given in detail. There are six tables appended to the paper
giving results of sewage, sludge and effluent analysis, soil analysis and the
results of experiments with crops of cats watered from the effluent in

1923 and 1924,

SGJ']‘EE P‘r'rﬂfﬁ.’i le C{JTE({&?!SEF TI!IEJES, LGCGTHGHUE j I.IEJES ﬂnff C‘Ifﬁl.'r"!'J‘-}".!EFICJ'II Ef.
ALEXANDER CA}IERDN, MLILE. (IND,).

A short history of methods of manufacture of solid drawn tubes
since about 1838 is given together with a detailed description of present
day methods. :

A new alloy, Cupro-nickel, which has been successfully used in the
form of tubes for purposes where a metal resistive to corrosive attack is

desired, i¢ described fully,

Notes on the Rivers of Bengal.
C. Appams WiLLiams, m.LE. (IND..

The paper describes the present physical conditions of the most
important rivers of Bengal, particularly those connected with the three
principal ones, the Ganges, Brahmaputra and Meghna, all of which
enter the Bay of Bengal through the Meghna Estuary. The major changes
in the river systems which have already taken place and are now proceed-
ing are described, and the author shews what immense differences there
are between the conditions of the river systems 150 years ago and at the
present time, due to changes of course and silt distribution and ad-
vance of the delta face.

The questions of reclamation and relation between reclamation and
drainage are touched upon. Mention is made of changes in course
caused by interference and finally the rivers are classified into eight

groups.
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MYSORE ENGINEERS' ASSOCIATION, 1923, VOLUME I, No. I.”
Biochemical Factors in Modern Methods of Water Purification.
Gisert J. Fowrer, D. Sc., F.I.C.

This paper deals with various factors particularly those of a bioche-
mical nature which have to be taken into account before modern methods
of water purification can be intelligently applied to waters of lakes or
reservoirs, streams, springs and wells.

Industrial Progress in Mysore.

P. G. ID'Souza, B.A, BL.

The author describes the activities of the Industries Department,
Mysore, in promoting development of industries subsidiary to agriculture
and in production of commodities for which raw matenals are available
in the State,

The Mysore Distillation and Ironworks Design and Construction.

J. P. Carmony, ME

A comprehensive paper describing an important plant employed
in the manuofacture of charcoal pig iron, crude methyl alcohol, wood tar,
and acetate of lime,

The plant was designed on American models and the paper deals
fully with the design and details of operation and 1s well illustrated.
Design of Abutments for Masonry Arched Bridges.

K.D. Josui, M.A., BE,

This is a short paper dealing with design of abutments for arched
bridges. The paper 1s illustrated.

UQL.UME 2, No. 1.
Sluices in the Krishnarajasagara Darn.

G. Sesuacirl Rao, L.CE.

The paper which is illustrated, describes the sluices already built

in the Dam the construction of which is still incomplete, and the general

features of those still remaining to be installed,
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Restoration of Minor Tanks in Mysore and Maintenance of Restored Tanks.
C. RancaswamieNGar, B.A, BE.

Describes the routine methods employed in Mysore State for repairs
and maintenance of Tanks and Reser?mrs used for 1rrigation and the
changes in design as result of actual expenience.

Design of Arch Thickness for Masonry Arched Bridges.
K.D. Josur, M.A;, B.E.

A short paper, illustrated, on the same lines as the paper by the same
author in Volume 1, No. 1.

Notes on the Co-efficient of Discharee for Sivasamudram Anicut.
K. V. Susranumanva Sastri, B.E.

A short note of 4 pagss describing the Sivasamudvam Anicut and
Headworks on the River Cauvery, the methods of taking gauge readings
and calculation of discharges therefrom.
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[LIST OF PAPERS IN ANNUAL PROCEEDINGS.

M. indicales that the paper was awarded the Congress Medal,

Serial
number.

10.
Hs
12,
13,
14.
15.
16.

NE
I8.
19

20.
21.

o GEresn B O

Vorume I—1913, (Our oF Print).

Grain Elevators and their application to the Punjab Wheat
Transport Problem.—V:ctor Bayley.

The formation of land by rivers and terrentsinthe Punjab.—
AL ] Wadley.

Auxiliary Reservoirs for Irrication in the Punjab —C. E.
Blaker.

Dams and Storage Reservoirs.—IF. W. Schonemann.

Conerete Work in Loco. Shops, Lahore.—]. A. Bell.

Reinforced Concrete Pile Ioundation in the West Beyne
Bridee —E. A. C. Lister.

The Mechanical Equipment of Irrigation Works.—]ohn
Ashford.

VoLume 11—1914, (Out or Print.)

The Hindustan Thibet Road.—A. R. Astbury.

The Development of Canal Falls for the Production of Artifi-
cial Fertilizers,—Captain B. C. Battve.

Tube Wells.—T. A, Miller Brownlie.

The Design of Canal Head Works —F. W. Schonemann,

Maintenance of Marala Weir —Ceci]l A. Colyer.

Duty of Distributaries in Sandy Soils.—F. Marshall Purves.

Notes on Some Works on the Upper Swat Canal —A., J.
Wadley,

Some Notes on the Results of River Trainingin the Punjab.—
F. ]. Harvey. '

Notes on the new Road Bridge aver the River Ravi at Lahore.,
—D. Macfarlane,

Open  Fireplaces in Bungalows.—F. W. Martin.

VoLume I1I—I915.

The construction of a double Track Girder Bridge across the
Jumna River on the North-Western Railway between
Kalanour and Sarsawa.—A. [. Sleigh.

Reinforced concrete Platforms for Cerriage Washing at
Lahore Station,—Captain E. P. Anderson, R. E.

Research and Investigation Section for the Public Works
Department—Cecil A. Colyer.

Temperature Experiments at Lahore.—~W. S, Dorman.
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Water Proofing Operations on the Jhang Branch of the Lower
Chenab Canal during 1913-14—T. A. Curry.
Some Practical Mathematics of Canal Works.—A. J. Wad-

ley.
The Training Works on the Sutlej at Rupar—H. W,

Vorume IV—1916.

Notes on Efflorescence on Buildings and Structures 1o-
gether with the means of combatfing.—C. S, Waite,
River Training Works and Diversion of the Sutle) near
Distributary Heads and other Canal Diversion Works.—A. S,
The Design of Head Regulators of Irrigation Distributaries.

Distributary Off-takes in relation to Silt Conditions—F. V.

Vorume V.—I917.

. The Absorption Losses of Punjab Irrigation Canals.—-*l"_‘ . W.

114
Serial
number.
22,
s
24,
Nicholson.
25. The Testing of Bridges—H. S. Sales.
26.
27.
Bahawalpur.—]. Harford.
28.
Gibb.
29,
—F. W. Schonemann.
30.
Elsden.
31
Schonemann.
M. 32

3.
38.
39
41.
42.
43,
44.

. Lining Imigation Channels—T. A, Curry.

. The Namal Dam.—Lahna Singh.

. Sialkot Water Supply.—E. S. Heard.

. Surface Drainage Schemes in the Punjab.—Amar Nath

Nanda.

. Canal Outlets.—B. P. Varma.

Vorume VI.—1918. (Out or PRINT.)

The Extension of American Cotton Cultivation under irriga-
tion in the Western Punjab and Sindh.—W. Roberts.

The Sub-soil Water Table under the tiact irngated by the
Lower Chenab Cansl.—C. G. May. _

Water-supply from Tube Wells.—T. A. Miller-Brownlie.

Notes on Tube Wells.—John Ashford.

Exclusion of Heavy Silt from Channels by Vaned Pitching.—
H. W. King.

Reinforced Concrete Siphons on the Lower Swat Canal —
F. H. Burktt.

The Distribution of Canal Water with special reference to
Outlets.—]. O. Waterhouse.

Alignment Charts—A. C. Paddy.
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Serial

number.
45.
46.
47.

48,

49.
50.

M. 5I.
52.
53.

54.

55.

57.

58.
59.

6l.

62.
63.

M. 65.

67

M. 68.

Vorume VII.—1919.

Highways in the Punjab, Past and Future.—W. S. Dorman.

Mechanical Filter Installations at Jammu.—P. G. Dani.

Remodelling Inundation Canalsin the Muzaffargarh Dis-
trict.— G. W. Duthy.

Discharge Observations. —W. B. Harvey.

Regime Channels—E. S. Lindley.

Project for Providing the Punjab with a Cheap Supply of
Electric Power—F. W. Milne.

Experiments on Broad Crested Weirs —F. H. Burkit:,

Water-logging.—Iqgbal Hussain.

Reinforced Concrete Tanks—R., A. Wallace.

An Investigation and Research Institute for the Public Works
Department —F. A. Carne.

Vorume VIII.—1920.

Liquid Fuel Installation at Kotri, North-Western Railway.—
N. Pearce.

Railway, Water Supplies—C. B. Barrie.

Tube-well in Borstal Central Jail Garden at Lahore —
W. S. Dorman.

Shortening the Alexandra Bridge over the Chenab River
near Wazirabad —F, C. Pawry.

Ferro-Concrete Well Curbs and Roadway Slabs used on the
Chenab Bridge—A. R. B. Armstrong.

Kharif Channels.—T. M. Bostock.
The Design of Regulators for Distributaries —W. P. Thomp-
S0n.

Silt Vanes—H. W, King.

Wet Soils and their Behaviour under Loads.—Igbal Hussain.

Grades and Curves on Hill Roads.—A. R. B. Arm:trong.

A Few Aspects of the Punjab Road Transport Problem —
K. G. Mitchell.

Vorume IX.—1921.

A Description of the Erectic ., Operation of Sliding
Forms in Grain Elevator __‘:'E’_ ‘uction.—Major J. K.
Wyman, R. E.

Drains on the Lower Chenab Canal —W. P, Thompson.
Water-logging from Irrigation Canal in Alluvial Seil.—
- F. V. Elsden.
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Senal

numbﬂl‘.

M. 69:

70.
7L
72.

eT

- 74,
75.
76.

sl
=

79,

M. 80. _
1. Note on Locating of a Burst Main.—W. E. Buchanan.

2.

83.

84.
85.
M. 86.
81.

8.
89.

Vorume X.—1922.

The Dzsign and Construction of Light Suspension Bridges. —
A St G Laster; + :

Aenial Ropeways.—Major F. N. Budden, R Fe

Supply of Road Me:al in the Punjab.—G. "I Pound.

Sub-soil Water in the Punjab Plains —J. H. T. Middleton.

The Electrical Equipment of the North-Western Railway
Power Stationand Workshops atMoghalpura —K. Preston,

The use of Mud 1n Butlding Construction.—D. Macflarlane.

Water-supply Improvements —W. Cathrow.

Notes on Exhibit of Road Transport Vehicles and other
plan_t.—"ﬁf. S. Dorman. '

VoLume XI.—1923.

. Some Problems of High Voltage Transmission in the Lower

Himalayas.—Lt.-Col. B. C. Battye,

. Percolation and Absorption of Water in the Soil —B, H.

Wilsdon.
Notes on Cracks in buildings in Dera Ghazi Khan.—]J, H.

Johnston.
Application of Modules in Irrigation.—E. S. Lindiey.

Notes on the Rusting of Steel in Ceontact with Lime Mortar —

A, R, Asthury.

Vorume XI11.—1924,
Tests Carried Out on Sand from the Sutlej River and Punjab
Portland Cement.—A. N.M. Robertson and A. Weighall.

Temporary Quarters, No. 1 Division, Khyber Railway.—
Major E. P. Anderson, D.5.0., RE,

Notes on the Design of Girder-bridee Abutments for Broad-
gauge (5" 6") Track—N. G. Watson.

Feonomic Railway Construction—Major E. P. Anderson,

DS Bk
Some Aszec  of Track NTainf:enance and Permanent Way
on the Nerth-Western Railway—N. G. Wat:on.

Low Fall Hydro-electric Power Installation.—Major G.
- Ashlord.
Discharge Curves and a Slide rule.—E. S, Lindley

90). Notes on Aerial Photographs of Canal Works.—E. S.

Lindley.
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Serial

number.

Vorume XIIT1.—1925,

91. Draglines and the Development of the Single Bucket Ex-
cavator.—R. Hockney.

92. Notes on the Working of Dragline Excavators.—R. P. Hadow.

92. Construction of the Road Bridges over the Chenab and
Paikhu at Wazirabad—W. S. Dorman.

M. 94 Analysis of Partly Stiffened Suspension Bridges Type 2 F.—
J. H. Johnston.

95. Transportation of Silt by Flowing Water.—P. Claxton. -

96. Principles of Design for Proportionate Flumes at Heads of
Channels —Prabh Singh.

9?._ Canal Falls and their Uses as Meters—E. S. Lindley.
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PUNJAB ENGINEERING CONGRESS MEDAL.

One or more medals are awarded annually for the best papers presented
to the Congress by members, a Sub-Committee being appointed by the
General Committee to judge the papers and make its report.

Only those papers which are received on or before the date speczﬁed
in the rules are eligible.

The awards to date have been—
Prior to lgi?, no award.
‘1917, to Mr. T. A. Curry, for his paper on Lining Imgation Canals_

1918, no award.
1919, to Mr. F. H. Burkitt for his paper on Experiments on Broad
Crested Weirs. nts on Droao

1920, to Mr. K. G. Mitchell for his paper on A Few Aspects of the
Punjab Road Transport Problem.

1921, to Mr. F. V. Elsden for his paper on Water Logging fmm
Irngatmn Canals in Alluvial Soil,

1922, to Mr. A. St. G. Lyster for his paper on the Design and Con-
struction of Light Suspension Bridges.

1923, to Mr. E. S. Lindley for his paper on the Application of Modules
in Imgation.

1924, to Major E. P. Anderson, D.S.0., R. E., for his paper on Econo-
mic Railway Construction.

1925, to Mr. J. Halcro Johnston, B. Sc., for his paper on Analysis of
Partly Stiffened Suspension Bridges Type F 2. on Analysis o
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KENNEDY MEDAL.

Whereas a fund has been instituted n order to give public recogn-
tion to the work of Mr. R. G. Kennedy, C.LE., late Chmf Engineer,
Punjab, in certain classes of research, and whereas the main object of this
fund is to encourage further study and research in irrigation science, and
whereas the subscnbers to the said fund have determined that this object
can best be attained by the grant of a medal to be awarded from time
to time, and ordinanly annuaiiy, for the best published paper on such
subjects, notice is hereby given that competitions w i1 be held on the follow-

ing conditions :—

1. A medal shall be awarded for the best published paper un any
of the following subjects — .

(@) the distribution of water for irrigation ;

(b) the condition and flow of subsoil water with its connected
problems of losses of absorption within the soil ;

(c) the flow of water, the transportation of silt by cur.ents of
water, and the prevention of silting of irnigation canals ;

(d) and generally any kind of research tending to bring about the
conservation of water for irrigation or the improvement
of canal irrigaticn and the reduction of evils resulting from

irneation.

2. The competitions are open to all persons resident or employed
‘in or retired from the engineering services in India, whether official or

non-official.

3. The papers submlttccf for competition must either have been
pubhshed In some E:numeermg or scientific Journal or read at some
engineernng ol sc rentific society, conference, congress or institution prior
to the closing date of the competition.

-4, The Committee shall have absolute power to determine whether
any paper 1s admissible for the competition, and to whom the award
{if any) of the medal shall be made, and its decision shall be final.

5. The closing date of the next competition will be the Ist of
October 1927, and thereafter competition will close on the Ist of
October of each year.

6. Papers or the competitions and correspondence should be ad-
dressed to the Honorary Secretary, Kennedy Medal Fund, Clc the -
Under Secretary, Public Works Department, Secretariat, Lahore.



