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SPILLWAY D

ESIGN FLOOD

BY

* Dr. V.C. KULANDAISWAMY, B.E., M.TECH., PH.D.

1. Synopsis—

The importance of “hydrologic desigq ” in
hydraulic projects is stated. The economic gmd
social considerations involved, besides technical
problems, in the determination of maximum fleod
for which the surplussing works of a reservoir is
to be designed, are mentioned. The development
of various methods for determining maximum
probable flood is traced. The different proce-
dures, and their combinations now in use, are
briefly described-  The need for collecting basic
Lydrologic data, to enable the developiment pf
more reliable and rigorous methods of analysis,

is stressed.

11. Introduction—
There are three aspects in the design of a

hydraulic structure:

(a) hydrologic design,

(b) hydraulic design and

(c) structural design: .
Stated briefly, the hydrologic design deals with
the determination of the rate or quantity of water
to be handled- It may be the maximum dis-
charge, or minimum stream flow, or dependable
yield and its time distribution from a catchment,
depending on the nature of the project. The
hydrologic design is important, not only ff)r the
safety of the structure, but also from the point of
view of accurate estimates of the benefits
from the project. However, this branch of
engineering did not develop as much as it should
have, and till about 1,900, or oven later, highly
empirical methods were used for. solving the
hydrologic aspect of an engineering .problem.
One of the most important hydrologic events
which affects many branches of engineering
besides those dealing with control of water, is
“ maximum flood run off >,  Design of, culverts,

bridges, drainage works and surplussing works
In reservoirs needs a reliable basis for estimating
the run off for which the design is to be made.
The scope of this paper is restricted to the
discussion of methods in use for determining the
maximum discharge for which the surplus outlets
of a reservoir must be designed.

For absolute safety of the structure, the design
must provide for the maximum probable flood.
But this might increase the cost of the structure
and render the project economically unsound.
If the design is made for a flood discharge less
than the maximum, there is a risk involved.
Supposing that provision is made for a 1,000 year
flood, a discharge equal to or exceeding this value
might occur even the following year or during
the life of the structure, A calculated risk is
therefore implied, and to what extent the structure
and thereby the life and property downstream
can be exposed to such a risk is a matter that
involves economic, social and even political
considerations. However, to form the basis for
a decision, the probable maximum flood and
various  flood magnitudes with their
recurrence intervals must be determined-
The problem of design flood estimation is pecu-
liarily difficult and complicated one. In esti-
mating run off from a catchment, discrimination
must be made between small and large catch-
ments. In what follows, the various methods or
calculating maximum discharge will be discussed
and at the end, their application with respect.to
arcas will be stated.

III. Methods of prediction—

The method to be adopted depends on what
data are available for the given catchment: The
field practice ranges from use of highly empirical
formulas to hydrometeorological studies and

* Professor, Hydraulic Engineering. College of Engineering, Guindy.
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4 THE NEW 1RRIGATION ERA

design storm application to unit hydrographs.
In general, the methods used are as follows:—
1. Flood formulas-

2 (a) Envelope curves and (b) Increasing

the observed maximum by a certain percentage.

3. Frequency analysis and use of unit
hydrograph when necessary records are available
either for the basin under question. or for the
hydrologically similar region in which the catch-
ment lies. The analysis may be with respect to
one or more of the following: —

(a) Flood peaks.
(b) Flood volumes.
(¢) Rainfall.

4. Design storm and use of unit hydrograph.
For an economic design, consistent with safety
it is necessary to have the hydrograph of desiﬂn,
flood rather than merely the value of flood pcack-
Methods 1 and 2 are used to predict the peak
values. In method 3, the hydrograph of desien
flood can also be computed ir sufticient data a:;c
available for deriving a unit hydrograph for the
basin. In method 4, the hydrograph of desien
flood is computed- -
II11.1 Flood formulas—

Flood formulas are about the earliest to be
used for calculating the peak discharge from
a catchment. Many are purely empirical and
some are based on theoretical considerations
with liberal approximations, assumptions and
oversimplifications. Depending upon the basis
adopted, they could be classified in various ways.
They may perhaps be considered under the
following heads:—

1- Maximum flood formulas:

(a) Formulas that take arca of basin
only for consideration.

, (b) Formulas that take into account one
or more of the basin and rainfall characteristics
besides area-

2. Flood frequency formulas——
(a) Formulas that have
interval implied.

recurrence

1 Creazer, Justin and Hinls. ** Engineering for Dams ™ Vol. lTlM»TP 125

—— .

(b) Formulas havi )
. aving recurrence e -
explicitly used. > rrence interval

AT{C.St of the formulas are of the form Q = CA®
Xl:}:f a?ezlsotthcl _maximum discharge mn cusees,
] L the catchment in square miles, * an
C“\pone.m which varies from 0.3 10 0.8 ' and C a
co-efficient varying from about 200 1o 10.000.
Th"f fOrmulL}s developed by Dickens, R;'\ Cs.
I:I:'ler’ F'“!"’“'“g‘ Possenti. and many others come
b:‘Cer« this category.  The formulas developed
oy Craig, Lillic, Rhind, Chamicr. Iszhowaski and
Oll_lcrs usc onc or more of the basin, or basin and
“‘.‘,“f'%‘“v characteristics.  Under this  category
wiil fall the rational formula O (;| .\ \':hic:h is
PF’P“"M even  now for calculating  peak run off
1\}1\'9m small catchments. It was in 1913 that
he;;iuv)n E. Fuller -" _published the first compre:-
¢ study of statistical methods applied to
E“f"ds and gave his formula introducing the con-
féﬁ(‘)\:ii):: X ?::g"(;;urde, f{Cqucnc_v rglulinnship
nto stugics of rivccrd:i(::\l/nfbt(ltlll “t,i:s "?lmtm}"»"{
¢ sdie ume

by Allen Hazen. Formulas developed by Kuich-
ling. Pettis and others hyve frequency  implicd
and those of Fuller, Lane Creager and others
ll:a\e‘ frequency explicitly stated  Further studies
‘:(\)tt)l developed different  approach to  the
problem of flood prediction, by methods involving
an analysis of rainfall records and corresponding
hyd'rographs. The formulas given by Kinnison
and Colby * deserve special mention., All these
fermulas were derived mostiy for local use. but
many of them were later adopted for the whole
country of origin or sometimes even outside:
The flood discharge of river Godavari in India
with a gatcbmcnt arca of 115570 square miles
at.thc site under consideration was calculated
using 24 of the well known flood formulas. The
discharge ranged from 074 million o 340
mrl!\ho,n cusecs, the variation being of the order of
350%-  Even in the region for which it is
derived, the use of flood formula*—if at all neces-
say should be resorted to with great  caution.

1 Fuller, Weston, E,, ¢ Flood Flows,” Trans. A.S,C.E., Vol. LXXVII, 1944

3 Kinnison and Colhy, ¢ Flood , i .
110, 1945. - Formulas Bis:d on Doainage Basin  characteristios . Trans. A, S C. E. Vol
. < “ i S 5i . . . . ,
Rao K. L., ** D:sign of h)llwa}_s for R rojects in the State of Mulras™, International Conar-ss on larg: Dans, Fourth

Congress, 1951, Vol. 2, P
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“ As time passes and morc and more data are
available, the record flood from any size drainage
arca continues to increase” . So the value of
constants fixed with the meagre data available at
the time of its derivation will no longer be correct.
For instance, in Ryves’ formula for South India,
() - (A2, he fixed the vaiuc of C as ranging
from 450 to 675. Observed floods have shown
the value to be as high as 2360 *. If a formula
could be derived taking into consideration all the
variables that influence discharge it may perhaps
be the most ideal solution. It is said that there
are at least 23 factors ° affecting magnitude of
floods and it is impossible to account fer all of
them in an analytical approach. However, B.D.
Richards © claims that a set of formulas derived
by him take into account all the major factors
and their application to varicus catchments give
satisfactory results. Flood 'form_ulas cannot b2
depended upon for flood estimation. They may
be used, if at all, for purposes of comparison.
Chow * gives a list of 66 formulas that fall under

one or the other of the categories discussed in the
foregoing.
II1. 2. a. Envelope Curves—

These may be prepared either for peak dis-
charge or for flood volumes. All the maximum
recorded values for the catchments in the region
may be plotted against the area on log log paper.
The extent cf the region is fixed by conditions of
hydrological homogeneity- The values used should
represent similar type floods (rain floods or
snowmelt floods). When only a part of the
area happened to contribute to a maximum flood
recorded in one catchment, only that area must
be used in the plot. Data thus plotted will usu-
ally indicate a curved line envelopment which
may be approximated to a straight line for small
ranges. Discharges from small areas due to
thunderstorms may suggest the need for consider-
ing two curves-—-cne for small areas and another
for large areas. In drawing the envelope curve,
the points through which the enveloping line
passes are called control points (Fig- I). The
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5 (Croag:r, Justin and Hinds,
¢ C.eager. Justin and Hinds, v m
7 Richa“ds, B.D. ¢ Flood Estimation and Control’’ London,
* Canow Ven Te, ¢ Hydrologic
University of Illinois, Engineering

« Eaginering for Dams ” Vol.
« Engineering for Dams ”, Vol. I, P, 139, 1944,

Datermination of Waterway Areas fo
Experiment Station, Balletin Ne. 462, 1962.

1, P. 140.

1935. P. 5. ]
r the Dosiga of Drainage Strusture in Small Drainage Basins’
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nature of the catchment and the history of the
floods which form the control points need careful
scrutiny to ensure that no abnormal condition
like the breach of a dam is represented by these
floods. Having drawn the envelope curve, the
maximum value for the catchment under question
can be read by entering the plot with the area of
the catchment. When long records are not
available for the basin concerned, the envelope
curve helps us to gain in space what we do not
have in time. However, the results from envelope
curves should not be relied upen wholly as a
means of estimating maximum probable flood.
Design flood values, if they are to be maximum
probable flood, should be normally higher than
those cbtained from envelope curves.

II. 2.6. Percentage addition to observed flood.

For many catchments, either flood records are
not available or they cover only a brief period.

5%

One of the methods adepted is to find out by
local inquiries or observation of records of
maximum flood levels reached near bridges
buildings, etc., the maximum flood that has s(;
far.occufred and the number of years during
which this flood is the maximum. This is incrcuu;:l
by a certain percentage to get the desjen flood
If the observed flood is maximum over a lon c;
period, the percentage increase may be less ng
1t 1s over a short period, the increase may ha\"e to
be more. As a sort of a rough guidance for the

designer in such situations, graph connecting the
years of record and the percentage by which the
design flood adepted is more than the observed
flood is plotted for various projects executed in
India» (Fig. 2). For the catchment under
consideration, the plot may be entered with the
number of years during which the known flood
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is maximum and the percent#e increase may be
read. The observed maximum may be increased
by this percentage to get the design flood. This
is typical of the many empirical methods resorted
to under helpless situations, and has not much
theoretical justification.

III. 3. Frequency Analysis—

It is self evident that the only way to forecast
the future is by a study of the past and it there-
fore follows that a statistical examination of past
flood records taken in conjunction with an apprai-
sal of the meteorclogical and other factors per-
taining to the river in guestion might form a
satisfactory means of estimating future flows-
Flood flow studies using the statistical approach
are based on the assumption that combinations
of the numerous factors which produce flood
flows are a matter of pure chance and therefore
are subject to analysis according to the mathe-
matical theory of probabilities. For predicting
maximum probable floods, annual series are being
used. It is held by some that peak annual flows
are not a true sample of the universe of cccur-
rences of peak flows during the period of record.
The use of monthly peak flows is advocated .
The frequency curve is well defined in the central
portion, but is likely to be poorly defind at the
upper end. This condition often makes difficult
the extrapolation of the curve with dependable
accuracy. For design purposes, very often the
flood to be predicted is cne of rare occurrence.
“It is believed by some that such .outstanding
floods follow some law of their own that comes
into operaticn at very long intervals . If the
records cover only normal floods, they cannot
help to predict the maximutm floods of long recur-
rence intervals. accurately. There is again the
practical limit to which simple frequency curve
can be extrapolated with reasonable accuracy.
ethods, the
sub-committee on floods concludes that * present
(1951) methods of determining flood probabili-
ties are suitable for use in connection with coffer
dams, highways, and other minor structures, but

believes that existing methods which use solely
extrapolations of frequency plotting of existing
flood records are to be condemned for the deter-
mination of the probable frequency of floods for
which major structures should be designed the
failure of which would result in a calamity
However, with these limitations in mind
frequency analysis could be used as a valuable
tool in flood studies to predict peak discharge or
maximum volume, or peak rainfall rate for a
given duration. : )
a. Peak Discharges— ‘
When records of peak flow from the catch-
ment under question are available, the maximum
annual momentary peaks are chosen, arranged in
the descending order of magnitude and the recur-
rencgmin%:al is calculated for each event using
.

plot ition formula 1 or 2, given below:—
T:_IY—-{;]__ .. (1)
M
T= 2N ®
2M—1

Where T is the recurrence interval, M the order
number and N, number of years of record.
Formula 1 may be used for extreme value plot-
ting and 2 may be used for log normal plotting.
The values of T obtained are plotted on the
corresponding probability paper. If the plotted
points are not too scattered and the line drawn
through them is straight, a moderate extrapola-
tion can be made by eye. When the line is cur-
ved, a straight line plot can be obtained by adding
or substructing a constant from the peak values '
The resulting plot can be extrapolated and the
pcak discharge of required recurrence interval
can be found out. When extrapolation is neces-
sary, control curves fixing confidence limits may
also be drawn. The peak discharge so derived
must be made use of with a “spillway design
unit hydrograph ” to arrive at the “design hydro-
graph of inflow ”. The term spillway design unit
hydrograph will be explained later. The required
reservoir elevation can be decided by routing the
inflow through the reservoir. When records

10 Whisler and Smith, * The estimation of Froqusnes of Rare Floids”, Pro». A.8.C.E., Vol. 83, HYD, 2, April 1957

P. 1200.

11 « Raview of the Flood Fraquency Methods ”’, final raporb of the sub-committee of the Joint Division Committes on Floods.,,

Trans. A.9.C.E., 1953, P. 1223,

1 « Roview of Flood Frequency Methods”’ Trans. A.8.C.E, 1953, P. 1220,
1 Gooadrich, R.D ¢ Btraight Line Plotting of Skew Erequency Data ’, Trans. AS.C.E., Vol. 91, 1927,
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8 THE NEW 1RRIGATION ERA

available cover only daily discharge, the peak
discharge can be derived from daily discharge.
However, Foster's '* equation which is used for
converting daily flow into momentary peak is
not considered accurate.

b- Peak Volumes—

When the sterage behind the dam, or aboyg the
spillway crest, is sufficient to materially modify
the peak discharge, the shape of the inflow
hydrograph is less important than volume of the
flood, and the frequency with which various
volumes of flood run off are equalled or exceeded
becomes, more useful. Flood hydrographs over
the period of record must be analyzed and peak
volumes for various durations, say 12 hours, one
day 2 days, etc., must be tabulated. e mini-
‘mum and the maximum duration and- tervals
to be adopted will depend on the size and run off
characteristics of the catchment. For each dura-
tion, a frequency curve can be drawn and the
data can be cross plotted to give a volume dura-
tion frequency relation (Fig. 3.). It is very

unlikely that volues of equal frequency for all
duration will occur in the same flood. but such
an assumption is on the safe side. The volume
duration curve for a certain chosen recurrence
interval can be used as a mass curve of inflow
with satisfactory results,

¢. Frequency analvsis for ungauged areas

Computed flcod frequency relations from
gauged areas may be used for estimating flood
frequencies at ungauged points in the same
stream or on streams in adjacent arcas provided
they are hydrologically homogencous. From the
volume-duration-frequency  curves  for  cach
gauged area (Fig. 3) a family of curves connect-
ing volume discharge per sq. mile versus arca.
with recurrence interval as parameter, can be
obtained.

By entering the plot with the area of the
ungauged basin, volume discharges for various
recurrence intervals can be read. and using these
values a graph connecting volume discharge

DISCHARGE

oF

\\\\
|

o]
1 10 100 1000
DURATION IN HOURS
. (Yog scale) .
‘uster,  Ho o Alden,  * Theoretieal  Frequeney C » . i g . - - T
1 Foster, en reorctica l!‘lu‘\m.\:\.s.(\'i.l‘l‘\‘:: “’0?.‘”&7,”1‘;}1’;, Application  to Enginccting  Problems @, Traans.
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verses recurrence interval can be plotted for the
ungauged area (Fig. 4).  Similarly the peak
discharge data can also be extended for ungauged
areas. The U.S.(x.S. had developed a two step
procedure for areal interpolation of peak-flow
frequencies'.

d. Peak rainfall—

If only rainfall records are available, then, the
maximum average depth over the basin for vari-
ous duraticns is assembled for the period of
record. Frequency analysis for each duration is
made and a family of curves connecting depth
and duration with frequency as parameter is
drawn (Fig. 5). For a specified recurrence
interval, the depth for various durations can be
read from Fig. 5 and a maximum depth duration
curve can be plotted. From the maximum depth
duraticn curve the rainfall increments can be
read for a chosen unit duration. They may be
arranged in a critical sequency. Adopting the
initial loss and infiltration index method, and

assuming reasonably minimum values for both,
the hyetograph of rainfall excess can be derived.
Applying this hyetograph to the “ spillway design
unit hydrograph ” derived for the basin, the in-
flow hydrograph can be obtained. Following the
method already described for flood records, the
rainfall relations from gauged areas can also be
extended to ungauged areas. It may be mention-
ed that the recurrence interval of the rainfall may
be less than the recurrence interval of the flood
for which the design is intended to be made
because the maximum flood requires the combi-
nation of critical rainfall and favourable ante-
cedent conditions.

I1L. 4. Design Storm Method—

The terms frequently used in the discussion of
this method are (1) maximum probable preci-
pitation (M.P.P.) (2) standard project storm
(S.P.S.) and (3) design storm. We know that
the first denotes all time maximum. It denotes
a value that will never be exceeded. The stan-
dard project storm gives the maximum rainfall

2

VOLUME OF DISCHARGE

poy2
poy®

pay

EXTREME VALUE PROBABILITY PAPER

RECURRENCE INTERVAL

FIG.4.

15 U.8. Geol. Survey, Cir, 204, 1952,
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e

that is probable of occurrence under the most
cnitical combination of conditions, considered
reasonably probable. Rare combinations are
excluded. The design storms is the one adopted

for purposes of design. It may be equal to
M.P.P., may lie between M.P.P. and S.P.S.
values or may be lower than S.P.S. depending on
the importance of the project and the degrcE of

5
4 &
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o V) / |oO Yrs
I . " 50 rS
u — —  —h¥s —
—
o 4
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DURATION
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~ FIG.5

risk taken. A rational determination of critical
design storm criteria for a particular basin
requires a comprehensive study of major storms
of record in the region and an evaluation of the
effects of local conditions on rainfall and run off
rates. Very brieflv stated, the studies may be
on the following lines:

a. All major storms of record in the region
where the basin lies may be analysed.

b. On the basis of air mass properties and
synoptic situations that prevailed during the
storms of record. the increase in rainfall con-
sidered probable under more critical conditions
may be estimated.

~¢. Since steps “a’ and ‘b’ are for the region
as a whole, any medification necessary for using
the storm in the catchment under consideration
may be made.

d. In the light of studies from *a’ to ¢’
select the storm that may be adopted for desien.

‘ ¢. In the arcas  where  snow mclt  meht
contribute to runoff, the combination of maxi-
mum snow melt and critical rainfall that is rea-
sonably probable must be determined, |

f. Once the storm is determined, the hyeto-
graph of excess rainfall can be urrivc‘d at with a
cr{tlcal sequence of rainfall increments.  This
may be used with the spillway design unit hydro-
graph to get the design flood hydrograph. ™ Al-
Fh(?[}gh spccuﬂ comprehensive studicsc 1Ir)g ftilly
j(LilZ:lifjid.g;tO ;\rzrnlll b;{_rcqucntly necessary to prepare
design s stimates o {
mmmediately available, Thrc1 :}l:fcebdr:a:tl;g(lsd‘;’g;

quantitative design ima ;
et §n storm estimates in  general

16 Age it . . L N
Creager, Justin and Hinds, ¢ Engincering for Dams”, Vol, 1, I, 181 e
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(1) Envelope curve method.
(2) Storm transposition method.

(3) Modified storms transposition
method.
The choice of the method depends on the size of
the catchment and the data available.
Spillway design unit hydrograph—

It has been found that peak ordinates of unit
hydregraphs derived from major storms have peak
values consistently higher than those derived
from minor floods. If the unit hydrograph deri-
ved for the basin is based on average storms only,
its peak value must be increased by a certain per-
centage to get the “spillway design unit hydro-
graph ™. The magnitude of increase depends on
the size of the sterms used for deriving the unit
graph, and the size of the storm adopted for
design. If for the basin, no flood hydrographs
are available for deriving unit hvdrograph, the
derivation of synthetic unit hydrograph may be
reserted to.

The details of flood calculations will also
depend on the size of the catchment. Taking
for instance the unit hydrograph, it may be
applied up to about 2,000 sq. miles. It is said to
have been successfully used up to 10,000
sq. miles. At any rate, it has an upper limit.
For large catchments with many tributaries unit
hydrograph must be applied for each tributary

and the flood at the point of interest must be
determined by flood routing. The followng
meihods may be adopted for -calculating dis-
charges from various sizes of catchments:—

1— 100 sq. miles. Rational  formula,
univ hydrograph,
flood frequencies,
envelope curve.

100—2,000 sq. miles. Unit  hyhrograph,
flood frequencies,
envelope curve

Above 2,000 sq. miles.  Flood routing,
flood frequencies,
envelope curve.

V. Conclusion—

The selection of an appropriate spillway design
flood is an essential part of the engineering studi-
es for a reservoir project. The many methods of
investigation developed are valuable in them-
selves, but yet, de not offer a complete solution.
The final determination will have to be a matter
of judgment of an engineer fully conversant with
the underlying principles of the phenomenon of
floods. It is a subject that does not lend itself
to controlled laboratory experiments. We have
to depend on historical data; systematic and
planned collection of extensive hydrologic data
are a pre-requisite both for developing and using
more reliable methods of flood estimation.
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OBLIQUE ANICUTS-DISCHARGE CHARACTERISTICS.

BY

* Sr1 S. SHANMUGAM, B.E., M.sc.

Synopsis—

The discharge characteristics of oblique anicut
has been studied in a scale model. The variation
of co-efficient with obliquity, under pertinent non-
dimensional parameters arrived at by dimensional
analysis, was studied. A final design chart is
given. An illustrative example has been worked

out.

1. Introduction—

Anicut is a low dam or weir used primarily for
diversion of flow for irrigation purposes. These
structures are generally located normal to the
stream. But at times an anicut oblique to the
flow direction is decided on for economy indicated
by favourable foundation details. Tt is known
that which oblique anicut, eventhough the total
discharge may increase, the co-efficient of dis-
charge decreases. This has certain disadvantages.
there will be parallel flow along the upstream
face which may damage the upstream talus and
thus call for remedial measurcs such as cross
groynes, the hydraulic jump in rear .w'ill ‘be
oblique thus complicating the energy dissipation
arrangements. In spite of these, oblique anicuts
are used at times. As there was no standard
definite information regarding co-efficient to be
adopted for these a scheme of basic study was
drawn up. This report gives a description of' the
experiments conducted.  Definite  conclusions
and design procedure are also indicated.

2. Dimensional analysis—

The geometry of the flow pattern is descri.bed
by the length of the model anicut “L°, the height
of anicut crest above bottom of the channel ‘P °,
heac of overflow ¢ H’, referred to the level of the
crest and measured in the uniform flow section
upstream of the anicut. and the profile of the
anicut ‘ P,’.  The fluid properties involved are

the specific weight ‘r’ and mass density ‘p’ the
dynamic viscosity ‘m’ and surface tension ‘o’
being not considered as of minor importance.
Only the independent flow characteristics is
involved and it can be represented by the dis-
charge *Q’. ‘Q’is conveniently selected as the
dependent variable. Thus a complete statement
of discharge function will be, as Q =f (L, PH
r, p, Py).

By dimensional analysis the non-dimensional
parameters are obtained as Q/A/g LH 32 H/L,
H/P. P.  Usually the co-efficient of discharge is
made to include A-g so that

Q/LB%2= ¢ = f (H/L, H/P, Pr)
Q = CcLH 32

This is the simplest form of discharge equation.
The relative influence of the non-dimensional
factors on the co-efficient of discharge ‘C’ must
be evaluated by experiment.

Significance of the parameters—

The H/L ratio is a measure of the shape of the
discharging liquid stream in the plane of the weir.
The influence of this ratio is believed to be negli-
gible over the full practical range of other varia-
bles.  The fact that most of the published results
of research on full width weirs ignore the H/L
ratio, indicates either that it was not recognised
as an independent ratio or that its influence was
not evident from the experimental data.

H'p ratio:—H|P ratio is a ineasure of the depth
contraction characteristic of the weirs. Because
the velocities in the channel upstream from the
weir are proporticnal to the head, the Hp ratio,
for the case of anicut with side contractions fully
suppressed, is also a measure of the relative
magnitude of the velocity in the approach

* Exccutive Engineer (Research), Irrigation Research Divisicn, Poondi.
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channel.  For this teason, its influence has been
represenied by a velocity head term.  But in the
present case, it is proposed to scgregate the velo-
city head term by having the discharge equation
as

Q=crL  {((Hina 32 _ pa®?)

Where ha=Va?

I

~

t
¢}

This ratio H P has been described as Froude
number for the flow in the approach channcl.
But Froude number is not a significant ratio.
Thus it has to be concluded that H P is just a
geometric parameter.

Pi—Profile of anicut: It is a general practice
that the profile of anicut is designed for design
head (Ho) of overflow, The co-efficient is
kiown to vary with head of overflow. To take
into account the effect of the profile, it is proposed
to introduce another non-dimensional parameter
H Ho.

Thus the experiments are proposed to be
directed to study the variation of co-efficient < C’
with the non-dimensional parameters ‘H /P’ and
‘H'Ho "

3. Experimental set up—

The experimental set up consisted of a long
flume 4.344 ft. (1,324 m) wide across which,
anicuts of different height with different obliquity
can be constructed with end contractions fully
suppressed-  Anicuts of heights 0.1, 0.2, 0.3,
0.4, 0.5 and 0.6 ftt (3.048 cm, 6.096 cm,
9144 cm-. 12.192 ¢cm., 1524 cm., 18.288 cm.)
with profile designed for head of overflow of
0.3 ft- were constructed. Creager’s profile was
chosen on account of its universality. The obliquc
anicuts were always constructed with profile at
rignt angles to the line of anicut.

4. Experiments and observations—

Experiments were conducted as follows, A
constant flow was maintained, when condition
settled the heads over weir and V-notch were
observed- Flow characteristics were also
observed- The discharge was then slightly
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increased. The  heads over weir and Venotch
were noted down after constancy was  obtained.
This was carried on up to a  head of overflow
slightly in excess of the desion head of 03 feet.
Standard tables were used for computing the dis-
charge over the V-notch.

The co-efficients of discharge taking into
account the velocity of approach was computed
using the formula,

O =C1, ((}17‘1“1) 32 a 3:'-’)

where “L 7 is Iength of anicut (normal or oblique
as the case may be), " ha " is head due to velocity
of approach, which was computed based on the
width of the flume.  The charts of this co-cfficient
discharge versus H. 'Ho are shown in Figs, | and 2
It can be seen that for normaul anicut and one
with obliquity, 10 degrees three separate  curves
are obtained for Ho P 3, HoP = 15, and
Ho P 15 1or  obliquity of 20 degrees two
curves are seen for Ho'l"' . 3 and the other
HoP 3. I' 1 greater obliquitv. only one curve
was obtained for all values of Ho P The per-
centage reduction in co-eflicient is worked out for
each value of H, Ho independently, ie., for one
given H/Ho the reduction in percentace with
obliquity is computed over the co-clicient for
that value of H /Ho for normal obliquity. These
are shown plotted in figures 3, 4 and 5. A perusal
of these figures indicates that percentage reduc-
tion in co-efficient increases with Ho. P and H. Ho
for a given obliquity-

This was observed to be due to the following
flow characteristics: For low heads of overflow
and high anicut heights, the flow over the anicut

took place normal to it and not parallel to the
flume

_—.

N\
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But as the head of overflow increased or the
height of anicut  height decreased or in  other
words with increase in factor H/Ho or H/P, tne
tlow straightened and tend to become paraliel to
the flume, this tendency showing an increase
with increase in obliquity.  Since the profiles
were constructed normal to the alignment, this
straightened flow was oblique tc the profile with
a consequent reduction in co-efficient of dis-
charge- But it is of significant note that for
H Ho above 0.9 up to 1.2, the variation in co-
efficient and percentage reduction in co-efficient
i5 not significant.

1t would be obvious that data regarding heads
other than design head, would not be of much
value in design.  Hence reduction in co-efficient
of discharge with obliquity for HHo == 1.0 is
given in figure 6 for Ho/P value of 3, 1.5 and less
than 1.5.

5. Conclusion—

As a result of studies, it is conﬁrmec.l that
co-efticient of discharge will be reduced in the

—_—

casc of oblique anicut and the reduciion in co-
cfficient increasing with obliquity and the para-
meter Ho/P and H/Ho.

Eventhough there is reduction in co-efficient
idicating reduction in discharge per foot length
of anicut, there is a net increase in discharge due
to the increase in length of anicut which reduces
the head of overflow for passing a given flood
discharge:  This will in consequence, reduce the
cost of flood banks and other bank protection
works upstream.

By utilising the design chart in Figure 6 the
co-efficient for any given angle of obliquity head
of gverflow, anicut height, and the design co-
efficient for a normal profile can be determined.
An illustrative example is worked out in the
appendix.

It is to be remembered that the charts are
applicable only in the case of free overfall condi-
tions- '

APPENDIX.

An anicut has been constructed across a river of 100 ft.
(30-48 m) width with an oblique ang]g of 25". The
maximnum head of overflow on the anicut will be 3 ft.

(09144 m) and anicut height also is 3 ft. (0-9144m). 'I:}:}g
(o-efficient of discharge C in the formula Q —= C.L.H.”~

for the normal anicut chosen = B35 (1-933) v(i.e., for the
designed  maximum head of 3 ft.).  Find out the
cog‘f{i('i('nt of discharge, (; for the anicut with the above
obliquity and the maximum discharge that will pass
throuu}fboth over the oblique anicut and in the case of
normzil anicut for the same conditions :—

P=3 ft. (‘9144 m) i H,=3 ft. (‘9144 m)

L =100 ft. (30°48 m) C-:3-5(1-933)

g ::26.)0
H./P=1: L= 1 for this problem assuming that
Q, o

the profile for the design head will he adopted.
(1) To find out C, for normal anicut for head of overflow
of 3 feet 1 — ,
Q=35 10 %3772 = Cy 100 [(3+ha) 7~ (hay® :]

Q=18519 cusecs (51°5 cu. mes)

Va=1819/100 x (3+3)=1819/100 x 6=3-0317 ft./sec.
(09241 M/:ec.)
h,=3-0317"/64-4=0-1428 ft. (0-04352 m)
Now 1819=C, x 100 [(3—{-'1428)3/2——(0'1428)3/2]
Hence (',=3296 (1-820)
(2) Cy for oblique anicut :—
Length of oblique anicut, L=100/COS 25°=110-4 ft.
(33:64 m,)
AsHo/P is = 15 (i.e.=1)
Figure 5 should be used.
J'rom the charts, the percentage reduction in C, for
257 obliquity and H/Ho = 1 js equal to 16
Hencee €Y for oblique anicut=3-296—3-296 % 1:6.100
=32433 (1791) .. (1)
for purpose of determining approach velocity, let us
assume that the ratio C/Cy remains the same both for

normal and oblique anicut. Now wvalue of C for oblique
anicut == 32433 X 3:500/3206 — 3443 (1-901).

3/2
Q=3443 x 1104 x 3 = 1975 cusces (5593
cumecs).
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Va=1975/100X(3+43)=3-292 ft./Sec. (1003 m/See.) = 3 2433 X 1104 X 5570

' = 1994 cusecs. —{2
ha=3-2922/64-4=0-1633 ft (‘05130 m) Y04 cusees 2)

3- Maximum disecharge that will pass through oblique
anicut at 3’ head—

Correct discharge Q=C , L x [

(5646 cu necs)

Check by applving this value of ‘Q" for velocity of
approach V, the correct discharge obtained is equal to
3/2 g2 92433 X 104 05075 = 1995 cusees (56744 cumees),

(Hxha) —(ha) —] Maximum discharge that will pass through a normal
— 32433 %1104 | 32 327 anicut of the same height under the same head = 1519-0
LB+1683) —(-1683) | cusecs (513 cusees) from (1) ... (3)
Note.—(1) Instead of € for normal anicut, Cy itsell is given, then Cy for oblique anicut can be straightaway computed and the
maximum can be arrived at after 2 or 3 trials. )
(2) Insimilar ways, the angle of obliquity required for an anicut of particular height and discharzo co-efticient to pass & given
flood discharge at any head of over tlow can be determined by making use of the charts given.

(3) All measurements given are in British Units, 'The figures given within the bracket both in charts and in thie calcuiations
indicate the corresponding values in the metric units,
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METRIC SYSTEM AND BRICKS

BY
* Sp1 T. K. VISWANATHAN, B.sc., B.E.

Introduction— . .

The metric system has come to stay in this
country and according to “The “Standards of
Weights and Measures Act, 1956 enacted by
the Government of India the changeover to metric
system will have to be completed within a period
of 10 years (i.e., by the end of 1966) in all the
spheres of activity-

Bricks— o

With particular reference to ‘bricks’, there
are in existence several sizes being manufactured
in various parts of the country. A survey con-
ducted in this direction revealed that there are as
many as about 30 sizes of building brlcks,.lea‘vmg
out minor variations in dimensions. This diver-
sity not only creates confusion but makes klt
impossible to have a common basng size of bricks
throughout. This would also deprive t_he ch.anc;]:s
of having reasonable prices for the bricks in the
market. Having uniform and sta'n_dard sizes as
far as practicable for all c.o'mmodmes. th.rougho'ui
the country, would facilitate rapid industria
growth among different States. In the Inter-
national trade, the advantages of having uniform
standards are evident and need no greater

emphasis.

Sizes— . '

The Indian Standard Institution, .whlch was

entrusted with the work of suggesting .standard

sizes of bricks, has finalised the following two
sizes:—

Nominal ssze.

(1) 20 em. x 10 em. X 10cm. 19 em. X 9em. X 9em

(2) 20cm. x 10em. x5 em. 19 cm. X 9 om. X 4.cm.

The differenge of 1 cm. between the nominal
and actual size is to allow for the thlgkness gf .the
mortar joint, which is 1 cm, .Thus with the ]ognts‘
in place the bricks will fit into modular sizes
which are always in multiples of 10 cm. (vide

Sketch I).

Actual size.

The bricks of 9 cm, height shall be moulded

with a frog 1 cm or 2 cm deep on one of the flat
sides (vide Sketch II),

The Indian Standard Institution has also classi-
fied the bricks as Class I, Class II and Class 111,
according to the quality requirements, rather than
sizes. In Madras State, however, the present
classification of bricks are based on sizes and
mode of manufacture.  Thus the first class bricks
or stock bricks are table moulded and of size
9" x 43" x 23" the second class bricks are of
the same size but ground-moulded. The country
bricks are ground-moulded and of size 83" x 4} x 9"

&here was another practical difficulty in the
manufacture of 9 cm deep bricks by the ground-
moulding process. Due to the greater thickness
of these metric bricks (viz. 9 cm or 3§ inches)
as against the present thickness of ground-
moulded bricks (viz., 2 inches), the bricks, even
during the moulding stage, do not retain the
shape. They get distorted and bulge when the
mould is removed. The burning is also not
uniform due to the greater thickness. The
absence of the frog, which is not possible to be
had with the present system of ground-moulding
process of brick manufacture, is also a reason for
the non-uniform burning of these bricks.

The Metric Cell, Public Works Department,
who were seized with this problgm, have worked
out suitable lesser thickness to achieve better
shaped bricks and at the same timeoto conform to
the modular co-ordination, according to which
all the dimensions should be in multiples of the
module. A thickness of 5.7 cm is suggested in
this connection. Three courses of these bricks
with 3 mortar joints of 1 cm each will give
20.1 cm or 20 cm, which will be a multiple of
the basic module (10 cm).

*Ezecutive Engineer, Metric Cell, P.W.D., Madras.
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Regarding the table moulded bricks, we might
not have any difficulty as the manufacture will
be under controlled condition and the frog will
help uniform burning of the bricks.

The Metric Cell had also arranged the manu-
facture of some samples of these metric sized
bricks of class II-A and got them tested in order

to study the various properties like absorption,
Class T
bricks.
(1) ()
1 General requirements

burnt.

Shall have planc rectangular
faces with parallel sides
sharp straight right angled

edges.

Shall have a fine, compact and

uniform texture.

Shall have a uniform colour ;
thoroughly burnt but not over.

C?mpresswe strength, tolerance in dimensions,
ete.

Classification—

Taking into consideration the conditions and
method of manufacture that are obtained in this
Sl‘ate, we have suggested having the classification
of br‘}cks based on method of manufacture and
the sizes, rather than the physical appearance
alone, Please refer the table below:—

Classs IT.4 (lass I[.B.
bricks, brick~.
(3) 4

Shall have a fairly uniform colour;
may be slightly over-burnt.

Sameo as class II-A.

May be slightly distorted and May  be  glightly
of have slightly round edges. distorted and have
round edges.

Same as for class I Same a8 for class I

1 (a) Sizes 19 X 9 X 9em. .. 19 X 9 % 57 cem, .. .. 0w ¢ -
(@) 19 % 9 x dem. .. M., 19 % 9 X 4cm, }s;i;ii‘c;m'
2 Water absorption for 24 hours Not more than 20 per cent by Not more than 22 per cent by N
of immersion in cold water. weight. weight. A ‘é‘«-) pe’?ol-eem thg;
. . weight,
3 Effloresence Slight Slight .. . . . Slight.
4 Moulding Table-mouldert Ground-myulded Ground moulded
& Burning Kiln-fired Kiln-fiied Clamp.fired
6 Minimum compressive strength. 70 kg.Jem.? 35 kg./em.? 25 ky.jewm. ®

Advantages—

Though the metric bricks might appear super-
ficially larger than the present table-moulded
bricks due to their greater thickness, the metric
bricks are 11 percent lesser in volume. The
weight of a metric brick is 2.5 kg. as against the
weicht of 2.8 kg, of the present stock brick-
Thus it may be seen that modular bricks can be
handled with mere ease; and the width of
9 cm. (3%7) as against the width of 4% inches of
the present brick is an added advantage in easier
handling of the bricks by the masons.

Since the length of the métric brick (73
inches) is lesser than that of the present brick
(9 inches), economy can be achieved in the use
of the former. It is reported that the Central
Public Works Department have constructed, in
coilcboration with the N.B.O, a two storeyed
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model block using metric sized bricks and they
have reported that there was no discomfort due
to the reduced thickness of the walls. For the
same area of masonry, there will be a saving of
about 14.5 per cent in the number of bricks and
about 3.8 per cent in mortar, if metric modular
bricks are used instead of the present bricks.
Due to the greater thickness of the metric bricks
the number of courses will also be reduced’
resulting in saving of mason’s time. ‘

The traditionally established bonds like English
bonq. Fl;mish bond. etc., can be adopted for these
metric sized bricks:  Research carried out in
the C‘entral Building Research Institute have
§stabhshed that the drying time of modular bricks
is .less fhan that of the standard size of F.P.S.
bricks irrespective of the clay content of soil
used and the drying conditions.
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Conclusion—

In summing up the above facts, it is seen that
the cost of construction can be considerably
reduced by using metric modular bricks.

When the design of a building is based on
modular co-ordination, by which the dimensions
of the building components are multiples of the
basic ‘module (i.e. 10 cm. which is also the
module for the metric brick), the advantages
are manyfold.

4A

(a) The architectural designs will be simp
fied and drafting time reduced.

(b) The preparation of plans and workir
drawings will be simplified due to the modul
system.

(¢) When the,sizing of the components
based on a “ module ”, the construction and pr
duction costs are reduced, as the variety
building components are eliminated or atlea
brought to a minimum.



STUDIES ON WATER CUSHION FOR CANAL DROPS

BY

* S. SHANMUGAM, 5.5,

SYNOPSIS

This report deals with the new technique of
energy dissipation for notch type drops as an
alternative to water cushion which is normally
adopted for canal drops. Experiments conducted
for various length and depths of the water cus-
hion have been explained. The idea of split-
ting the nappe into a number of horizontal thin
sheets was tried and found to be successful. This
new type design consisting of divide slabs and
honey comb was finalised in the place of water
cushion. Detailed experimental procedure is
given with necessary tabulations. Typical calcu-
lation using the new design is shown in Appendix
II. The performance, and cost comparison
between new design and Ellis design with water
cushion have been werked out and furnished.
As a result of the study, a new type design which
is economical and better in performance is recom-
mended as an energy dissipating device for notch
type canal drop up to 10 feet fall and 1.000
cusecs carrying capacity.

1. Introduction—

Generally a water cushion is provided to serve
as an energy dissipating and scour preventing
device at a fall or drop. There are a number of
empirical formulae and thumb rules available for
designing the depth and length of cistern requi-
red for a canal drop. For a particular height of
drop the water cushion is designed using all these
formulae and thumb rules. The values obtained
are furnished in Table 1. From the table it is
seen that for the same drop the depth of cistern
varies from 0.75 feet to 4.5 feet and the length
varies from 13 feet to 42.5 feet.

There is such a large variation. Hence the
present study has been taken up to standardise
the design of water cushion for canal drops.
Since most of the canal drops in Madras State are
notch type. notch type drop has been taken for
the studies.

s M.Sc.

2.1.1. Previous Work—
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2.2.1. Apart from the iri
_ empirical ¢
some experimental work also hgs Ilc)‘eicn iloor:::u}gi
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energy dissipation downstream of a drop. In
the year 1953 experiments were conducted in ghns
Research Staticn (7) to suggest an economical
type design for drop of 6 feet (canal capacity
250 cusecs). Various devices such as hanging
baffles. dentated sill, R.C. rib along revetment
were tried and finally one row of friction blocks
was recommended instead of water cushion.

2.2.2. Detailed experiments were carried out
at Poona Research SJation (8) on canal drops
and five type designs were recommended. For
the vertical type drop structure they suggest

L - 5ydh
X 1 (dh) 3 with 2 rows of friction blocks.
6 ’

The same design has been recommended in draft
manual on falls by Central Water and Power
Commission (9).

2.2.3. B.T. Morris conducted experiments and

derived the formula (3) as
L= ( 2.5 4+ 1.2 2) /’(ll;and w = 0.1Lor0.3 \d—h
of f,l _ Since excessive scour was observed at
the cutlet of a number of straight drop spillway
located at Florido which were Qe51gned accord-
ine to B.T. Morris, model studics were conduc-
ted and the following was recommended by
Charles A. Donnally and F. Blaisedell (10) :

L = Ln 4 2:35d

and

X = Ordd
with one row of fricticn blocks at a distance of
Ln 0.8d from upstream face.

3. Present Programme of work.—-

The studies were taken up to give safe, econo-
mical and minimum length and depth of water
cushion to be provided for netch drops. Tt was
proposed to stugdy the performance of drops for

various conditions:— ‘
1. Varying the length of cushion.

2. Varying the depth of cushion.
3. Varying the height of drop.
4. Varying the discharge.

4. Model set up.—

A canal carrying 200 cusecs and having 6 feet
drop was designed as per Ellis design with three
trapezoidal natches and represented in a hydrau-
lic model*to a scale 1 in 8. About 120 feet up-
stream length of canal and 150 feet downstream
of netch were represented. Necessary stilling
arrangements were made and water levels were
recorded with precision pointer gauges. The
discharge was measured using a calibrated V
notch. Glass plates were fixed on the side wall
to observe the hydraulic jump and positive bed
roller. Sieved sand was used (mobile bed)
downstream of the apron to study the scour
pattern.

5. Experimental work —

5.1. Various length and depth of water
cushion.—First the exeperiments were done for
the lengths 2d and 3d, varying the depth as
0.2.d, 0.3d, 0.4d, 0.5d and 0.6d, keceping the
water level at full supply depth “d ”, i.e., 4.5 feet.
Surface profile velocity observations and scour
readings were taken for each case. Similarly
the experiments were done for half supply depth.
The length of impervious apron was reduced by
12 feet and experiments were repeated.

5.2. Splitting the nappe—

Meanwhile, as suggested by Ventechow (11),
the effect of separating the jet into a number of
long thin sheets thereby dissipating the energy
without resort to hydraulic jump was studied in
the model. G.I. pipes of 1 inch diameter and
1 fcot long were placed in between the notches
one over the other in the direction of flow.
Observations were taken for 5.5 feet drop and
upstream water depth 4.5 feet with up cistern of
9 feet by 1 foot and 9 feet by 0.5 foot ccnside-
rable reduction in bed scour was observed.
Eventhough this was found to be effective, study
on this was dropped due to the difficulty of con-
struction and the natrow openings which caused
obstruction to the free passage of debris. Since
most of the canals in Madras State are not usually
carrying debris and logs, further studies to find
a suitable means for separating the flow into thin
sheets were done bearing in mind that it must be
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of simple type and easy for construction, To
split the nappe intc number of thin sheets two
methods were found suitable and they were tried
in the model.

52.1. Gratings—

Gratings of 1 inch square holes, 1.5 feet long
in model were prepared in G-1. sheet. By pro-
viding gratings on the upstream side in between
the notches the falling jet was separated into long
thin sheets. For 5.5 feet drop with a stilling
basin of 9 feet by 0.5 foot gratings were provi-
ded and the model was run for half an hour,
Surface readings, velocity and scour cbservations
were taken. About 35 per cent reduction in
maximum scour was observed. The main draw-
back in this was the difficulty and higher cost of
construction. Hence some other means was
tried-

5.2.2. Divide slabs—

By providing divide slabs of 3 inches thick-
ness at | foot intervals on the notch openings the
falling water was separated into number of parts.
Surface readings. velocity and scour observations
were taken for a drop of 5.5 feet with a plain
apron of 12.66 feet length for the discharge of
200 cusecs with and without these divide slabs.
About 30 per cent reduction in maximum scour
was observed. Since it was more economical
than the gratings and simple for construction,
further experiments were done on the following
design aspects of divide slabs.

-

5.3 Design aspects.—

5.3.1. Coefficient.—Due to the introduction
of divide slabs reduction in discharge was
observed. So discharge studies were done for
the discharges 100. 200, 330 and 530 cusecs for
upstream depths 3.375 feet, 4.5 feet, 5.625 fect
and 6.75 feet with divide slabs at 1 foot interval.
The co-officient to be used for notch drops with
divide slabs was determined.

5.3.2. Interval and angle of slabs——
Further studies were done varying the interval

and angle of divide slabs. Divide slabs werc .

placed at 2 feet cc for a drop of 5 feet and no
reduction in bed scour was observed. Then,
instead of placing the divide slabs horizontal.
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they were placed at an angle of 20 degrees at
1 foot interval and observations were taken.
No visible reduction in bed scour was observed.
But the discharge was greatly reduced. For the
effective interaction of jets the bottom most two
slabs and the flcor of the notch were kept at a
slope 1 in 6 upward and other slabs werc kept
horlzpptally. Experiments were done in this
condition.  Scour pattern was not changed in the
model but about 15 per cent reduction in dis-
charge was observed. Hegee studies were fina-
lised for divide slabs placed horizentally at 1 foot
c/c.

3.3.2. Honey-comb—

A honey-comb structure placed on the down-
stream end of apron was tried and found to give
best performance. Experiments were conducted
by varying the height of honeycombs in the
model for various drops ranging from 4 feet to
10 feet. For each case. the scour profiles and
water surface profiles were observed.

5.3.4. Apron length—

Experiments were done to find the minimum
apron length to be provided downstream the
drop. The formula formed by Etckeverry:

Apron length = L = ¢, ha
was taken for guidance. Experiments were done
using honeycomb and divide slab for various
apron lengths varying the co-efficient “ C” from
2.6 to 3.2. Experiments were repeated for drops
4 feet to 10 feet and discharges 100 cusecs to 530
cusecs. The scour profiles were observed for
each case. In all the cases apron lengths were

measured from the end of the sill and not from
the toc of the drep wall.

5.4. Comparative study between  Ellis
and new Design—

Experiments were conducted for a dro
5 feet 6 inches high. The performance (5’ tl?g
water cushion as designed by Ellis method
( an. 1) was compared with that for the new
design. Scour profiles and detailed velecity
observations were taken and furnished in fig. 6.

6. Discussion—

6.1. Splitting the nappe into a number of thin
sheets was found to reduce the bed scour consi-

derably. By using the divide slabs for the same

Design
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purpose, the scour was found to get reduced by
30 per cent, The normal coefficient recommen-
ded by Ellis for the design of notch is 3.745.
Due to the introduction of the divide slabs, the
co-cficient has to be reduced. By experiments
the reduced cc-efficient was found to be 3.55.
Thus in this new design, the area of the vent
way increases causing a decrease in the size of
the notch piers. No appreciable reduction in
bed scour was observed either by increasing the
spacings between the slabs or by slightly inclin-
ing the slabs. Hence horizontal divide slabs at
1 foot interval are recommended.

Further to improve the perfoermance, a honey
comb structure placed at the end of the apron
was tried. When both divide siabs and honey-
comb structure were used, about 70 per cent re-
duction in bed scour was observed. The honey-
comb structure helps in  deflecting the high
velocity filaments upwards and formation of

positive bed roller in rear. Hence end scour .

also was reduced considerably. It was found by
experiments that a solid baffle wall of height
0.03d,, to 0.5d,. must be censtructed and only
over that honey comb structure must be built.
For drops up to 5 feet, the total height of this
structure (solid pertion and the honey comb)
was found to be 0.3d; and for drops in between
5 to 10 feet, 0.33d, for best performance. Frem
the experiments, the minimum length of apron
for drops up to 5 feet is found to be 2.9 . hd and
for drops between 5 feet to 10 feet 2.8 . hd
This length-is less than that provided by Ellis.
The length of the apron has to be measured
from the end of the sill and not frem the toe of

the drop wall.

For the finalised design (i.e., with divide slabs,
honeycomb structure and reduced length of
apron), the performance was observed for
various canal discharges and various drop
heights and the observations are fur-
nished in Table 2. It is seen that for all the
cases, i.e., for canal discharges up to 1,000
cusecs and for drop heights less than 10 feet, the
performance is very good with negligible scour.
The main advantage of this method is that no
water cushion is necessary. Absence »f water
cushion causes savings in the volume of drop

wall masonry excavation and 1n addition causes
enormous savings due to reduced thickness of
floor slab in the case of porous soils. As the
depth of water cushion increases, increased thick-
ness of floor slab has to be provided for resisting
uplift pressures in previous soils, It was found
by experiments that up to a slope of 2{3:1, the
water falls on the apren and not on the sloping
face of the drop wall. Hence, where soil per- -
mits, mere lining up to & slope of 2{3:1 can be
adopted omitting the solid masonry wall for the
drop thus causing 'a huge economy. The
difference in cost between a drop designed by
Ellis and by the new design is worked out for
a particular case and shown in Appendix 2.
Thus it is seen that the new design is cheaper
than the Ellis design by about Rs. 1,200 for
8 feet drop.

7. Recommended Procedure—

The recommended new design is worked out
for 8 feet drop and furnished in Appendix 3.
The divide slabs can be of pre-cast type (weld-
mesh or chicken mesh plastered on both sides)
and can be introduced during the construction of
the notches. If the top slab is designed properly,

‘this can be used as a small canal crossing for

men, sheep, etc.

8. Limitations—

This new design is economical only where it is
necessary to maintain the water level upstream of
the drop by providing the notches. This can be
adopted for drops up to 10 feet and discharges
up te 1,000 cusecs. In previous types of soils,
there is considerable. reduction in floor thickness
due te the avoidance of the water cushion. This
methed is likely to be blocked often, if the canal
carries logs or boulders.

9. Conclusion—

A new type of energy dissipating arrangement
for the notch drops with free fall in the place of
the water cushions has been evelved and recom-
mended. This design is more economical than
the Ellis design usually adopted in Madras State
with better performances. In addition, this
serves as a canal crossing without any extra cost.
Construction also is simple.
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NEW DESIGN—With Divide slab and honeycomb
(Looking upstream).

ELLIS DESIGN—Trapezoidal Notch (Looking downstream).

PERFORMANCE OF NEW DESIGN.

NEW DESIGN—Trapezoidal Notch with Divide slab.
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APPENDIX 1.
NOTATIONS :
Fi6.1.
T -1 ——————————— e - e
i ”
\\J/\‘ {
x -0 1
)
l - d
v o
* v i
T 5 °
— L —
L.=Length of water cushion.
X.=Depth of water cushion.
d.=Upstream water depth.
h.=Height of fall (difference in water level between upstream and downstream).
d,=Downstream water depth in the canal.
H.=Difference in level between upstream and down stream.
d.=Depth at the fall before the formation of jump.
E.=Energy at crest.
E;=Energy of flow downstream.
La=Horizontal projection of falling jet.
APPENDIX 2.
COMPARISON OF cOST BETWEEN WATER CusHION (ELLIS) AXD THE NEW DEsigN.
Height of drop—8'. Flume width—25’,
Eorcess cost in Savings in new
new design. design,
RS, RS,
Divide slabs—
In new design 3” thick slabs 18 numbers
roughly 75 cft. .. 600-00
Apron length—
In water cushion .. 2145
In new design . . 19U
Savings . 235’ length.

STUDIES ON WATER CUSE}ION FOR CANAL DROPS
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Excess cost in Savings e new
new design. desigh.
RS. : . RS,
Flume width 25 Thickness of apron 4. | _
. Savings 2:30 X 25 X ¢ = 235 c.ft. . \ ‘ .?:5
Thickness of apron— ,
In water cushion .. . 4'
In new design .e . .. 3 )
Savings .. 1 thick conercte. . - . e
— \ o |
— 1 x 25 x 191 =480 c.ft. ce e : 48000
Hon ycomb— ‘ .-
2-95" height 25’ long honey comb . 150-00 A
Drop walls and wing walls— e L d e ) I - TC VIV .
In case of water cushion drop wall and
wing walls are to  be taken 2-75"Y more . L900:00
the savings is roughly .. .. .. ,
Earthwork cutting—
In case of water cushion 2175 x 295 x n_i 45:00
25 = 1,500 ¢.ft. oo .. .. _ 3500
756-00.. 1,950-00
Net saving:sb .. 1,200-00

APPEXNDIX 3.

;.3

Calculations for the %e'w design— ISP o = ; iy i,
{I;)lftlr‘ctn(:rt; ?J:tl)elr—:iei)th «d’ = Downstream water depth (1_l =675".
Discharge = 530 cusecs. ’ L
Providing 3 notches, 530

Discharge through one notch = 5 =1766 cuseccs.

3/2
q= 355 (1+04dn) @

_3/2
1766 == 355 (1 4 04 X 6:76n) (6:75) /

ba
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1 + 27n = 284, ... ... (1) a TABLE 1
For half supply depth, i.e., for
(2/3d) 4'5' depth W ater cushion dimensions.
2 . Serial Method. A ‘
483 = 355 (1 + 04  43n) (+5)°° L »
¢ =355 (1+ 04 :< 45n) (45)" number. Length ‘L’ Depth <X’
14+18n==26........ (2) (1) (2) (3) (4)
(1) —(2) = 0'9n = 024 1 Ellis formula . . - . . .. 150 1-5
~.n=1/3; ... slope 1/6 9 Formula formed by Etcheverry .. .. .. .. ‘ 15-¢ 2.6
Then 1 = 2 3 Pacific South-West region S.C.S. .. .- .. .. 130/ 075
Top width = 2 + 675 X 1/3 — 425’ 4 Punjab State .o .. . . . .. .. 40’
. d 5 Bombay P.W.D. Handboo .. .. .. .. 19-2 45
Body j Top width = — = 4 5
Walf ° . it 2 * 6 Bihar and Orissa—Glass formula .. .. . . 42'5 45
Bottom width =h +d, =9’ 7 Montagu'’s formula .. . . ‘e .. 16°3 2.0
A 8 Professor Scholitch’s formula .. e .. 40’
Length of apron from the end of the sill = 28 vhd = 206 9 Formula formed by B-T. Morris .. . .. . 177 16
Particulars—
T Fie.3 Discharge = 200 cusecs.
" Height of drop = 6’
$ Upstream depth = 45’
Downstream depth = 4’
Slope == 1/4600
4 4 °
o
Y
Qj ' TaBLE 2.
: Observations for the finalised design,
pe—— ¢ _q PN .
t Particulars. Observations.
’ N § — n Y r-—————'———_J&.—
190 ——4 3 < £
[ . . E § 3
v 28.) ——nf S S £
, . 5 P g g
Thickness of apron.—For uplift pressure é & oy < g g &
Assuming 3' thick e 3 . £ > g g : $
Upstream end of apron :— = < $% 5 3 8 g E ¥
- = =~ bY o O ~ Iy 3o
1 1 T 3 S & 3 £ d 3
= = g = 0392 bA = ~ ~ = _ = = ]
< 3 {4) 5 6 7 8
¢p, = 100— ¢p = 100-23 = 777, a9 3(‘3)-5' 2-94/1id 0-(3(1) 100( ) 0-4()4)7' ( , -
(¢ taken from plate VIL-5 in Design of weirs on permeable foundati ! ¢ ' 0l ' ousecs 043 ¥
eable foundation, publication No. 12 o .375" 2-94/hd y 012 .28’
Downstream end of apron :— 1) 2 3370 gt o3 100 do- ootz 028 ¥
1/o< = 3/28'1 = 0°107 . 3375/ 2:84/hd 0-33d 100 do. 0-008 .4’ g
. é v, = 14% 30 ’ 126 1 ’ - o
Uplift Pr. st XX = 14 + 19:1 (77—14) = 14 + 12-8 == 56:8%, 4 ¢’ 4.5 2'841/_113 0-33d, 200 do. 0+009, 1-65 12
. 28.1 ’ - i “—‘— ] g =7
Abeolute Pr. = 56'8 x 8/1'25 5 » A 2:?41:3‘-?; 033 200 do. 0003 0462 1
Assuming that 75%; of it will act, thickness of tloor required for net uplift Pr ¢ > el 2.8~li§('} 033 300 do. 007 o v
568 - 75 _, . gats
) =568 X 135 X g0 = 272 . 10’ 5625’ 264 b 0-33d, 300 do. 0002’ 045 16/
Thickness of apron provided = 3’ 80 id
’ 875" 284 'hd 0°33d: 530 do. 0:067’ 1-265° ’
Hence safe 8 8 ? _ 206 63 21
9 10’ 675 . 2'84’hd 0 33d, 530 do. 002’ 065 10-5°
— 239

Height of honeycomb = 0-33d, = 0-33 X 670 = 22}’
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