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CHAPTER (j 

Canal tlead W()r~s 

/i INTRODUCTION . . . 
An irrigation main canal takrs its supplies from a·stream or a 

river. To divert the water in the canal, it is· ne~es~'ary 'to 
construct works across the river and at the head of the off
taking channel. These works arc termed as 'Head Works'. 
The works constructed at the head of the canal is termed as 
'Head Regulator' and its purpose is to control the supplies of 
water and entry of silt in the offtaking canal. 

Canal head works may }?e divid(•d into two classes : 
(LY Di:version w·oJ:ks 

cY',, 
~ Storage works 

Diversio~ works are located across th e river so' as to raise the 
normal water J.evel of. the river to divert the required supply 
into the canal. These works are known as weir or barrage. 

Storage works in addition 'to diversion, store surplus water 
when available in the river in cxcess of demand anrl supple
ment the direct flow of a river c.lul'ing keen demand. 'l he 
present chapter deals in diversion works while storage works 
are dealt in section nr of this book. 

~TYPES OF DIVERSION WORKS 
The diversion works may. be divided into twn classes : 

(I) Temporary, and 

(2) Permanent weirs and barrages 

Temporary 1spurs or bunds ~re constructed every year after 
floods. Such temporary spurs or bunds are possible. with due 
economy in -<"P.rtain cases. At Katapather in district De.hradun, 
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Uttar Prad esh, temporary works are constructed across river 
yamuna to divert waters jnto Doon canal system. 

Permanent works comprising ' weirs or barrages are 
constructed fo1 a ll important .bead works of ca.oat system in 
this cquntry. ·· 

fa LOCATION OF A WEIR 
Weirs are generally located in boulder or alluvial stage of 

the river. The location of a weir is governed by the command 
o f the land proposed for irriga tion. H owever if suitable sites 
for loi;ating a weir is available both,in boulder and alluvia. I 
stage of the river, the choice would depend upon the most 
economical arrangement which has to be arrived at after 
evaluating the advantages and disadvantages of the alternative 
sites. 

" The follo\.\·ing are the advantages and disad vantages of 
locating a weir in boulder stage in comparison to alluvial 
stage : 

~antages 
(i) The length of weir is generally shorter in boulder 

reaches. 

(i i) Since the silt factor is high in boulder reaches, the 
requirements of cut-off and protection works arc 
reduced. 

(iii) Sine<', high banks are available in boulder reaches, 
~e cost of training works is reduced. 

(iv) Cor·:, uction materials like sand and aggregate are 

. / locally avai lable. 

l,Pfsadvantages 

(i) In boulder stage there may be excessive loss of water 
due to subsoil flow if loose bould ers to great depth, 
are. available in the river bed . 

(ii) In the head reaches the canal may pass through 
similar terrnin cnusing excessive absorption loss<.>&. 

{iii) from take off to the ridge, the canal may cross a 
number o f drainages. · 

(iv)· Surface protection is necessary against r.r©sive action 
of rolling boulders in floods. 

,--



132 CANAL. HEAD WORKS 

(v) D emand for irrigation in the areas in boulder stage is 
generally low due to higher rn infall and ~al l e~· area 
availab le for irrigation. 

~lecti~n of actual site : Having decided upon th e 
location of the weir, the actua l site is ~el ected with the 
following considerations : 

(i) A n arrow, well defined channel with banks is the best. 

(ii) The canal a lignment should Pnable su itable command 
without excessive digging. 

(iii) Availability of materials of construction I ike sand and 
gravel. 

·(iv) Accessibility o f the site by rail and road. 

(v) Arrangement of' di v<~rs inn or the .river durihg 
comtruction . 

5.-t TYPES OF WEIRS 
T:he works may b e d ivided into t'he following .main classe&: 

J Vertical drop WPirs. ! ~~ 
J'. Rock fill weirs and . _ _ ~~ 
Y, Concrete weirs with s o ping ~ 

Vettical drop weirs : All o ld headworks such as 
Bhimgoda, M adhopur, Ras.ual, Khanki ~n<l Maraia are 
examples of this type of construction . A typical cross-section 
of a vertical drop weir is shown in fig. !i . i. 

,---------,-----·--~-·-- . ·- ···-- -· 

#<I, L h o 1'10 

-=-== .. ... ::c !F -'-~yo---;;·:,;;-··~·~-----... ~ 
" ' oo • ~,\.~ OWAl/f ~.d ,,, ., 

SAWO 1t Uoott CINlllt r oN 

11 4...,_..,...,_ . 1,.,~ 
~ 

vur/'/;.-L 01<0P ww~ 

Fig. 5. 1 Typical c1,bss section of a ver tical drop,,weir 

These weirs consist .of : 

(a) an upstream curtain wal.l 

lb) fore apron 
' 

\ 
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(c)' masonry crest with 
stream face, 

downstream floor, 

vertical or nearly vettical, down· 

(d) 

(e) d ownsti·eam cur ta in, and 

(f ) downstream rip rap. 

Upstream curtain US('d to be shallow about 2 m deep_. The 
length of fore apron and downstream floor length was 
determined by Bligh 's t li ef' r y. 

Part o f the raisin g up of 
0

tl1e.. water lev<>I is usuaily cqrrie'd 
out by shutters a t the top of the crest which a re dropped down 
during flood. The drowne'1 ·wei r formuia, though not very 
accurate, may be used for calculation of discharge. 

Rock fill weirs : Thi~ class is exemplifier.I by the one 
constructed a t Okhla on Yamuna river near Delhi whose cross
section is shown in fig . .'i.2. Jn this type, the boulders are laid 
in the form of glacis on the upstream and downstream with a 
few intervenin g walls. The dow11strnam slope is generally 
made very flat. It is the> simp lr.st type o f co nstruction and 
many such works ' are of great antiquity. Their stability or 
principles of design are not susceptible to· any theoretical 
trea tment. ' 

This type of weir r equires a very large quantity of stone, 
both a t the time of initial construction and during subsequent 
mairttenanoe. I ts use is, therefore, restricted to places where 
stone and un skill ed labou r is available in abundance. 

Concrete weirs with sloping glacis : Weirs of this type 
are of recen.t o rigin and their design is based on modern 
concept o f sub-surface flow. A typical cross-ser.tfon of this 
category is shown in fig. 5.3. Sheet piles of suffi<:ient depths . ' are d riven at the e11ds o f upstream and downstream floor. 
Sometimes an in termediate pi le line is also provided. The 
h ydraulic jump is formed on the glacis to dissipate the energy 
of overfl owing water. Weirs <·xclusively of this type are now 

~ ~ being co1~structed. 

fy ~ . ' ff Barrages : If the cliffr rencc br,twecn the pond level and 
~crest-l evel is within 1.5 m , the pond level can be maintained by 

means of falling shutters. Hov .. ..:vt-r if th e d ifference is more 
than 1.5 m , <!. gate contro lled weir is necessary which is called 
a "Barrage" \ 1\litli this type a roathvay can be constructed 
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136 CANAL HEAD WORKS 

j 7) River training works 

J Underslufces: These are gate controlled 'o~eiiirlg'ip .the 
weir with crests at a low level. They are located on the same 
sides as off-take cana l. If two canals take off on either side 
of the river, it would by n ecessary to provide unde! sluices on 
either side. 

The usual funct ions of th e undersluices are :-

(i) to preserve a clear and defined r iver channel 
approaching the canal regulator, 

(ii) to scour silt deposited in front of canal regulator and 
control silt _E.<ntry in the canal, 

(iii ) to facilitat e wprking of weir crest sh utters. or gates. 
'~he winter floods are passed without dropping the 
weir shutters, 

(iv) to lower the high est flood level by prov~aing greater 
discha rge p er metre length than the weir. 

Discharge capacity· of undersluices is provided higher of 
the folio.wing : 

(i) T wo times the maximum discharge· in the off-:take 
canal. 

(ii) 20% of maximum flood discharge . 

(iii) M aximum winter d ischf\rge. 

~Canal head regulator: A canal head regulator serves the 
following fun~tfons' : 

(i) Re~ulates t he supply o f water in the can a l. 

(ii) Controls the entry of silt in the canal. 

The head regula~or is normally align~d b etween 90" to\ 120° 
in respect to the axis of the weir. The regulation is done by 
means of gates., The old head regula tor had a large number 
of sma.11 span gates. The modern trend is to use steel gates 
of sp~na tanging h etwe<Jn 8 to . 12 m etre and operated by 
electric winches. 

The h eight · o~ gates is determined by the difference in the 
crest level and . t he pond l ~vel. To check the flood water 
entering the . canal , a breast wall between the pond level and 
ItF,'.L. is often provided. P rovision of breast wail is usually 
economical tha n h igh gates unless the difference in the pond 
leveP and' h igh flood level is nominal. 
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Contrql on the silt entering the canal is provided by keeping 
the crest o f · the head regulator about l m to 1.5 m h igher· 
than the c rest level of the underslµ ices. If silt excluder is 
provided, it is necessary to further raise the crest of the head 
regulator by a minimum of 0.75 m. 

" H ead regulators are generally provided with a very wide 
and shall~w water way and the drowned weir formula as 
given belo v is used to calculate the discharge. 

Q = i 1 1 l v 2g [(H +ha.)312 - h a.312)] + C2.l.<l v 2g(H+ha) 

C1 and C2 are n umerical coefficients whose values may b e 
taken as 0.577 and o.eo respectively. 

.H = difference of upstream and downstream water levels. 

he. = head due to velocity of approach 

l = -clear length of water way 

d ""' d epth of ciownstream water level above the crest. 

Someti~es, the waterway at th e.head regu lator may wo~k 
out more than width of tbe canal. In such case~ the crest 
level is so adjusted as to keep the waterw ay equal to the 
width of the can al. In exc1~ptional cases waterway mo{e tl;ian 
the canal width may be provided with a Hared wall in :the 

1 
downstream of the regulator to j oin the can al width . 

The principles of design are the same as applicable to the 
weir for determ ining the total length and th ickness of floor and 
protec.tion works. Usually the most critical condition of uplift 
pressure occurs when h igh flood is passing d own the weir and 
there is no How in the cana l. 

Vllivide wall or Groyne : I t is a wall b etween weir a1id 
undersinices t·xtending a little upstream of canal regulator 
and in the · downstream upto end of loose protection of the 
underslui'ces. Normally, it is a concrete or masonry structure 
with top width of 1.5 to 3 m and align ecl at right angles to 
the weir axis. The main functions of the divide wa ll are :· · 

(i) to separate the floor of sco uring slui<..cs which is at 
lower level than the weir proper 

( ii ) to isolate thn pockets upstream of the cana l head 
regulator' to litr.i1itate scouring operation. . 

( iii) to prevent formations of cross currents to a void t heir 
damagin g effects. Additional div'id e walls are some
times provicli!tl for this purpose. 

,.-
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Divirlc wal ls arc cnstly structures. A larg·c number uJ' divide 
wal is' w1:1 c p rovided w 11 1etinws back in barrngt•s with a view 
to contrnl c1 oss c11r 1·c-n ts. This ftt nctio11 of the divide wall is 
not fully l'~tablishcd. The modern trend is to provide divide 
wall to separate 1mdcrsl11ices from wefr only. T ltl!so walls 
arc lik0lv to b e H1bjectt•d to m aximum cl ifft•rcn tial pr essure 
when the full discharge of the river is passing thro ug h the 
undcrsluicPs and no d ischarge is p;issing trirnugh the weir. 
Iii this cond ition tl1cre will be d iffol'e11ce in the water level 
011 the two sides. Also there rn.ay exist difft'n·nc1· in , ilt 
pn'ssures on the two sid0s. The disclinrg<: passing down the 
unck1 sluicPs may Hush o ff the silt. Till' val ues of cJifferl'ntia l 
pressure a r <' tak(•n arbitrarily >a y 1.0 n1 flJ1 wa ler liea(b and 
:1bout. 2.0 m for silt pn·>~ urc. 

Th P~c walb an; found ed o n wel ls closely ~pacc:d beyund the 

pucca floor upto the em!. Typ ical c1 nos sectio n o f the d ivide 
wa ll o n pucca fl oor and lwncls a rc g- ive11 iii fig. 5.5 (i) anc.l 
·5 .5 (ii ) . 

1 s;: 
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Fig . 5.~ . (i ) Cross section of cl i1·irk wa ll o9'pucca floor. 
(ii ) Cross st>ct ion o f tlividu wal! .;,·yond pucca floor. 

J.sh Ladder: Fisl1 laddel' 01· foh passes are generally 
provided to l'nabll· the fi~l 1 t1J a ~c; 1• 1 11 l th<' head water s o f the 

·river and thus n•ach tl l<'ir spaw11ing g1•nlllds f'ur propogation 
or to foll o w their migrn tnry hauits in search uf food. 
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T he genera l requirements of a fish ladder are: 

(i) The slope of the fish .. tdder should not be steC>per than 
1: J 0, so :i~ to ensure a current Qf velocity not exceed· 
ing 2 111 per second in any porti~n of the fish way, 

(ii) The com partments of bays of the pass must be of such 
d im ensions that the fish do not risk CQ))i~ion with the 
sidt-s and upper end .of each q~y when ascend ing. 

(iii) PlePty of light should bl' admittecl in the fishway. • 

(iv} Tl1c water supply should be ample at all.times. 

(v) Tlw tup and sid es of a fo h way . should be above 
• ordinary h igh water level. 

Fish ladders are ge11erally !ocatecJ adjacent t<(divide wall 
near u11d ersluices because tht•re is a lways ~ume \'\-'ater in the 
rive r section IJclow th em. 

The vario us typPs of fish Jaddc1s are ; (i) pool type (ii) steep 
cli annel type (iii ; foh lock a nd (i\•} fish lift or el evators type. 
Types (iii) am! (iv) are suitable for high Jams only. Types 
(i) anti (ii) are generally provided i n barrn~es. The main 
problen1 in the d~·$ig n of fi sh J)a'S~:s is to dissiµatc en'ergy . in · 
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140 CANAL HEAD WORKS 

such a manner as to provide smooth flow at sufficiently low 
velocity. A typical fish way is shown in fig. 5.6. 

vhierR and Abutmen~s 
In barrages piers are provided at an interval of 10 to 20 m. 

'!'he piers support bridge decking, and working platform for 
the operation of gates. Usually th e cutwaters are simple in 
shape. The side faces of the pie1 s are often ver tical. Tapering 
if (

0

one, does not exceed 1/50 to 1/40. The piers are const1 ucted 
in concrete or masonry and are slightly reinforced to resist the 
forces of water to which tney are subjected. Piers should be 
provided with separate foundations. A continuous rubber or 
c;opper seal is provided between pier and gravity floor to ensure 
water tightness. A typical cross-section showing pier 

I 

foundation and sealing arrangement is shown in fig. 5.5 (i) 
Io .case, however, when a raft is provided, the piers may be 
constructed monolith with the floor. 

Abutments are usually gravity section and founded on wells 
packed cl.o·sely in either direction. Perhaps ir. case of higher 
abutments a better alternative is. to provide a counter-fort type 
structure on open foundation. At barrage I of Sharda Sahayak 
Pariyojna in U.P. settlement of about 10 mm for abutment 
was anticipated and counterfort retaining structure was 
preferred· to a gravity abutment found ed on wells. To 
safegttarcl against undue differential settlement portions of 
the abutment with differential loa dings. have been separated 
and sectionalised by 13 m deep sheet piles. 

V Protecti<m Works 
The pucca floor of a weir or barrage is protected on the 

upstream as well as downstream by loose apron. In the 
immediate vicinity of pucca fl0or a certain port ion of the loose 
apron is made non launching. The non launching apron 
px:events the sco ur hole to ti ave! close to the floor launch or 
sheet pile line ; whereas launching apron is designed to launch 
along the slope of the scour ho!~ to prevent further scooping 
but of the underlying river bed material. 

The detailed design of the. apron has been discussed m 
Ai·~ 2· 14 and also in the chapter tm river training works. 

~iver '!'raining Works: Generally the following river 
training works are provided on canal head works. 
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Marginal or affiux burnh \ 

G11iclr bunds, and 

Sr111'·s ~n.d ~rnxn<>s. 

Margin;i l 'iJunds arr. provici~cl to prntt>ct the land and 
propf'rty against submrrgP.ncr dming ponding o r high stage of 
the r i V<'J". Construction of ma1 ,!:{i n al bunds would be justified 
only . when th e val11r. of );;ind saved is more than tli•~ cost of the 
margina l buncls. In sonw n isrs whrn tlw ponding is high and 
the watPr shecl is low, the• c·onstrun ion of marginal bunds 
wou lei lw oblign tory. 

Th e layout o f rnarginnl bt rncls is v0•·y importa~ t in econ o
m ising tll<' 01·Prnl l cost of' tlw trainin g vvorks and subsequent 
cost of ma intrnancr. Tlw lc•ngth or tlH' g uide buncls depends 

vrry much on ll1f' layout of the approach emba nkment and 
marginnl bnnds. The g0nernl t0ndcnr.y i ~ tc) nm th e affiux 

buncls pnrallel nnd n enr the ri v" r b ank. S u c h tiffiux bunds 
com r w ithin th e zone o f 111cand0r a nd are freqnently a tttickecl 
))y the r iver nnd hav<i to be protl'cted a t heavy cost by 
providing spur.~. It is, th er ef'nr £', r rcom mt•nded th at efforts 
should b e made to d~·sign the approach emb1mkment on the 
side and the 11pStl'f'Hnl bank Of th f' Off-taking cha~ne) itself as 
a n nffi11x buncl 11pto th e khndir edge o r a r~asona!:>Je 
distan ce so as to accommodate the worst cmbayment as sh ow.n 
in fi g. 5.7. The design o f marginal b unds depend upon 
its· ·heig ht and soil charac t<•r istics. Generally homoge neo u s 
embankment sec tion is adapted wit h 2: .I slope b qth upstream 
a nd downstrcnm. H owever, hig h emba nkments should b e 
designed on the principles of earth dam. The design of g uide 

bunds and spurs is d ra lt in chaptrr J8 of Vol I. 

·.-d.EFFECT OF CONSTRUCTION OF A WEIR ON 
THE RIVER REGIME 

The .sediment transpor tin g capacity of water depend s mainly 

on . fh e dis~harge, slope a nd ,grad e of material. Due· 'to 
. r.rea tion of an ob stticl£' iri the ri ver bed in thr form o f a w eir, 
the river r egime will he affrcted in the following sequen~e 
(Fig. 5.8). 

(i) A weir will pond _;J.P-water J'rad ing to the flattening of 
w atrr surface sl6pr foi· some dista n ce ~n t.he upstream 
side . · . 

~~ 
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F LOOD LINE B EFORE FLOOD LIN E SHORTLY 
CONSTRUCTION OF l (AFTER CONS TRI.JC TION 

WEIR OF WEI R 

FLoc.~:S~~~E~~ 
STAGC: /, FT ER ~ 

CONSTRUCTION SHOALS ~EIR 

• @--"Ot -

Fig. 5.8 Efft·ct c.f constrnrtion o f n Wt' ir on river regime 

(ii) 1\s a result or flattening of wat~r d op e, the river 
wo11lcl drnp n part o f its sediment load r esulting in th e 
format inns of shoals in the pond . 

(i ii ) Whilt> st~clirnrnt is dropped in the pond, r elatively 
rlt>ar w;itrr passes over the weir. This ~ater scours 
the river bed to make up th e clencie ncy in its si lt load 

and cnuscs a progressive lowrring or retrogr ession o f 
downslr<'am levels. 

(iv) The progrrs~ i ve s ilting a nd fp,rmat inn o f shoals in the 

upstream in crense.~ the rrs istnnce to fiO:W o f wat~r. 
To overcome th is res istan ce increased head is required 
and the r iver starts to rega in its original slope. A 
stage! is gr~d ually reached when the pond absorbs n o 
morr. s il t. 

(v) As a consequen ce, the n ormal sediment !dad is passed 
down the weir. In add ition, s ince the off-take canal 
ta kes comp aratively sediment free water, th e.sediment 
load r emaining the same, the discharge d ecreases. 
This will lead to sed i m<·n t deposit in the downstream. 
After a few years, i t n ot o nly rt>gn ins its origin al level 
but stiirts s il ting up. 

(vi) The O\'rrall effect of a \.yt'ir is to take away th ~ ex ce..ss 

rnergy due to steep gradient by , localising it and 
ultim;it0ly di~sipating i t.· 

Th e effl'ct of rr t1 ogression should bf' g i ven due consider ation 
in the d esig n as explnincd later. 

PERMEABLE FOUNDA· 

into two broad 
categories : 

I. 'U~e fl~W 
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2. Due to surface flow. 

The subsurface flo w endangers the stability of a weir in the 
fol~wing two ways. 

Pip ng o~ floatation: If the seepage water. has 'sufficient 
residua orce at the end of the work to lift up soil particles, it 
will lead · progressive r emoval of soil brneath the foundation 
of the wor:K esulting in its failure. 

UpHft pre ure : The seepage water exerts an upward or 
uplift pressure n the floor of the works. If the thickness*' of 
floor _is not adequ e to withstand the uplift pressure, it would 
result in the failure f the floor. ' 

The surface flow , so endangers the weir in the following 
two ways: 

Unbalanced head due to standing wave: Due to the 
formation of the jump ver high unbalanced presmres ' are 
developed in the trough. 1 he floor should, therefore, be of 
adequate thickness to withstand e effect of the jump. 

Scour on the upstream and ownstream : In floods 
the beds of alluvial rivers are scour d to considerable ~epths. 
If the scour on the upstream and wnstream is allowed 
unchecked, it may cause considerable mage to the works 
due.to undermining. 

~/CONSIDERATIONS IN' 'TlfE DESIGN OF WEIR OR 
. j"° BARRAGE 

Technique of weir design has been evolved largely on the 
study of causes which led to their failures. ., 

The design of weir or barrage like any other hydraulic ' 
structure consist of the many phases as already dealt in 
article 1.13 and are summarised in Table 5.1. The two main 
phases are : . :. 

J. The hydraulic design. 

2. The structural design. 

The former deals with the evaluation of the hydraulic forces 
ffct-ing on the :structure· and detrrmination of the configuration 
of the, same for the best economy and functional efficiency. 
The structural design consists of ·.dimensioning of the various 
parts of the structure to enable,.it to i·esist safely all the forces 
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acting on it. This ta done by the accepted normfi of structural 
analysi1. The problem involved in the hydraulic design of 

weir• on permeable foundation may be treated under th e 
·fol lowing categories. 

I. Sub soil Aow and 

2. The surface Oow. 

The .design aspect of h yd raulic 1t1·u cturc:s on permeable 
foundation in 1·es1>e<·t to subso il flow has been treated in detail 
in chapter I an<l sum11 1ariz<·d later in artic le 5.11. The 
design aapect with consideration to surface flow i& dealt here 
in subsequent p ara 5.9. 

5.9 DESIGN WITH CONSIDER.A.TION OF SUR.FACE .. 
FLOW : 

·.; ~t level : The crest lrve l of a barrag<' is fixed m1-tl1e 
consideration of the exiating 1 i\'l' r bed lcvPls at the proposed 

• site. _,The und .:rslui~ orest i6 1:m..ia11r kept as n~ar tbc bed level 

i the deepest channel at i1 practiraJly p<>Mible. The barrl\ge 

b a i::reat is kC'pt slightly hig lwr and at about the genei·al bed 
level ·1 the remaining pc>rtion of the riv-er. The undersluice 
c rest is ept low~ to attract a d<'<'P current in front of th~ 
regulators s tltnt tlic dry weathtir cu1·1·ent ip,ay t't101nln nHI' 
the regulator. 

It shall b e SC'<' that the affi11x and diechargc per metre are 
re).14ted to the <'J 1·st lev Lower cres t levels result in lesser 

· afilu x but higher dischar A low set barrage with 

-,. 

increased d eplh nf water r th~ crest m ay result in ,an 
.. increased h eigh t of garres, thic rss o f floor, a nd cost'of--... 

su perstructure above floor le vel. 

Having tentatively dccideci th r. ere-st 

waterway and affiux .of the undersluices and r prop c·r, it is 

nece1s~y to c:heclc that the m;iximum flood diac rge passes 
down th e works without exceed ing the affiux derid 

7-11 • dischargi> formulae may be used for this purposc. 

or b1 Olld c• estcd weirs : . 
Q = J. 705 (L- 0.1 nH) HSte 

o/i~or sharp erected weirs: 

Q = 1.84 (L -0.l nH) HS/! 

I., 
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where 

L is total clear waterw~ in m .. 

n is the number of encl contractions. 

H is the hC'ad o w•r thr crest in m. 
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. J?~e to' ·fmprri~ement of coefficient of. discharge a r aised crest 
;shou ld · be pro,"i<lcq .whenever po~s i ble. In case o f sub· 
margen c<> the value of corffici(•nt b1• l'educcd as per figure 6.5. 

AfBux, Length of Waterway and Discharge lnten11ity 

As a r<>sul t of p11tting o bstruction acros~ a 1·iv<'r in the form 
o f a wrir, the maxim u m flood levC'I of thr river . up~tream of 
the wei r ris<·S. This r ise of level is tr•rined 'affiux'. Affl.ux 
a ctually dPnn tcs loss of h ead and its mag 111 iude is r<'prcse>nted 

hy the diffen•nce in to t al <>n<>rgy ltowls o n thC' upslrearn and the 

downst1 cnm <• f Iii(' works . 

. ength of ll'atrrway, corrrspond ing discharge per metre 

a n d affiu x ·<· co -related . By providing h igher ·affiux, tne 

length of the ·ir can be redur.rcl but the cost of wei r and 

trainin~ works will 11 

These paran1ctt•1 ~ are < . . ided a fter comiclrration of many 
practical a spf•cts such a~ · c t of back. wat11r on existing 
strnctrn·r~ nncl submergence of Jn ri shnll bi- seen tlH\t cost 
of works a~ a whole is minimum ·a cc1 t:lin waterway and 
a ffiux . En deavour should tboerefore bt> de to attain most 
econ o mical combination. This can only be o n e by tr ial and 
error. Affiux is grn ern lly limit<'d to ·onr metrn b may be kept 
higher if per m issib le-. · 

A likely fig\ll'C' 10 ad 'f•rway is• g i 
fol owing for mula r• 1•1:t·~~nJio.g Lacc)•'s wC'ttccl perimeter, 

- ~ '1. ::~1 vQ .. 

In bo u ldrr r<'ad11's of tl1e l.'~\' <'l' , it would be ~conomical to 

r~ducc the wiltrrway to ab<111t 0.6 to (J.11 tim<·s Lacey' s water· 

way, the m inimum bein g tli<> actual width avt1 ilable hetwe~n 
ban Jes. In pl t1i ns \\' here thC' silt fa ctor is in the noigh'bourhood 

of unity it is generally ec:on omic;iJ to keep the waterway 1.0 to 
1.2 times the Lacey's waterway. It is d<'1irable to prefer 
shorter waterway, whic h \yn,trry r rdu ces 1h0Aling . both on: 
the upstream and downstream~ ·of the w<'ir. This helpr in 
regulatio n of the we ir. 

~ 
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Table 5.2 Data of barrqe• ctnutracted during last twenty yean 
~~~~~~~~~~~~~~~~~~~~.;...~~~~~~~_;;;..._~~~~.;...~~~~~~~~~ ..... ..:::;...~~~- ~ 

I YamUDa 1· I co SI. 
No. 

l'{ime of weir or barrage I Dak- Wazira•. below Kemri Phika Sharda ~arora Durga- ·Xosi Gandak 
pather bad .. 'C' P.H. pur 

. -2-----,--3 -- --4 - ~- --6 - --7- --8 - --9 - --- --'--' 12 13 14 
------------'------'---.......:..-~-----'------------=-----=r"'°-----------.:.~ 
I. Name of River Yamuna Yamuna Yamuna Pilakhat Phika Sharda 
2. State U.P. Delhi. Delhi v.-1?. U.P. U.P. 
3. (a) D.S. H.F.L. 455.22 208.10 :!OG.20 rn4.80 25~.74 224.33 

(b) Affiwc 1.01 0.12 0.076 0.244 1.78 J.371 
4. Catchment area in sq. km. 7340 1230.0 127.0 
5. DPsign maximum flood 

discharge in cum ec 
6. Cost in lakhs of Rupees 

• ,14560 

7 • .Co~t per cumec in Rupees 
8, Lacey's water-wayPw (metre) 582.17 

· 9. Width between abu trnents (B) 517 
JO. }lat!o. B/P.,,, 0.89 

707!).fl 

406.22 
454.09 

1.12 

8495 

627.88 
667.0 

l.06 

14160.0 
441 

'.:l!OO.O 
575 76 
922.5 

: 1.6. 

15574.0 26901.0 
455 

2920.0 
603.50 
692.20 

1.45 

792.48 
1149.14 

1.45 

Sone 
Bihar 
109.61 
1.213 

68915.0 

40493.0 
995 

2458.0. 
973.83 

1412.16 
l.445 

Trishuli 
Nepal 
208.68 
0.975 

Gandak 
Nepal 
112.38 

0.67 
37855.0 

4248.0 24069.0 

3 J 3.94 749.00 
142.45 748.2 
0.453 0.98 

11. Clear Water-way in metre 
(i) Weir 347.80 

109.73 
3C0.53 
100.6 

100.60 
36.58 

64.0 
27.4 

518:16· 
60.96 

758.4 
106.7 

439.0 841.20 J042;4 100.6 329 2 0 
(ii) Under slu ices 

(iii) Total 
12. Maxm, Discharge capacity 

in cumec <i) Weir 
{ii) Under sluices 

(iii) Total 
13' Discharge perm. r . 

{Average) i curnec. 
(a) Between ers {i) Weir 

. ·-

(ii) iler sluices 
(b) Ou 1de piers (i) WP.ir 

1) Under sluicef 

1 I 2 

14. Crest Level {i) Weir 
(ii) Under Sluices 

15. Silt Factor 
16, Depth of Scour. (R) Below 

H.F.L. in m etre (i ) Weir 
(ii) Under ~Juices 

17. Exit Gradient 

18. Weir Floor Level u pstream 

D, 
d ownstream 

D2 
19. Under sluices floor level 

u~s . 

·20,. Length of fl r 
·· · · ..• (a) W · (i) u.s. 

(ii) d .s. 
(b) Under sluic!'s 

Maximu{n h ead 

(i) U .S. 

(ii) d .s. 

457.53 

10 -
4189 

14548 

28.19 
29.80 
38.2 
26.3 
33 8 

1.13 

3540 
2169 

5709 

12.6 
11.8 
21.6 
14.9 
18.5 • 

4 

475.46 137.18 

6950 980 
1557 436 

8497 1416 

16.0 8.7 
17.3 9.8 
21.3 11.93 
15.5 8.24 
19.6 I0.8 1 

5 6 

450.65. 202.69 199.95 182.02 
459.43 201.37 199.03 181.41 

4.0 1.0 

8.10 
9.36 

1.0 

8.34 
9.7 

1.0 

5.52 
6.5 

6.096 

7.01 
1/ 5 lj8.25U.S. l/IIWeir 1/5 

1/7 Weir l/14 U.S. 
201.78 200.0 181.50 449.3 

S l:200 
U.S. crest 

7. 14 
446.07 

9.33 

6.98 6.75 
456.28 201.80 

W.54 6.62 

38.1 0 11.59 
44.20 11.90 

82. 3 9.15 

48.8 21.30 

199.0 

7.24 
199.0 

7.16 

4.87• 
23.10 

4.87 

181.5 

3.54 
178.5 

6.49 

7.75 
20.60 
12.34 

'20.60 

182.9 E 109.73 E 73.15 18.23 330.7 > 
w 73.15 w 146:30 ~ 

9 1.4 579.12 865.1 6.219 1024.08 1261.85 l lll.83 -659.9 l' 
of all sluice 

691 
357 

1048 

9.7 
10.81 
12.98 
9.22 

1 J.45 

7 

258.47 
257.86 

2.0 

4.68 
5.38 
i /4 • 

3 .962 
255.0 

4.0 

357.5 

14725 
2265 

16990 

25.4 
28.4 
33.2 
24.h 
33 0 

l !882 
2676 

14558 

15.75 
15.7 
25.1 
15.0 
21.4 

219.45 176.15 

2 18.54 174-59 

3.0 0.896 

7.86 8.6 

6 .55 5.19 
21 8 .0 173.94 

6.4 6 .1 

218.5 174.5 

3.96 
255.0 

7.16 6. 15 
217.5 172.8 

4 .3 1 7.0! 7.3! 

10307 
R 2525 
L 2690 

15522 

22.5 
23.4 

37.7/29;4 
21.1 

25.3f27.4 

I • 10 

59,74 
L 59.13 
R 5.83 

1.0 

57.91 

7.07 
86.08 

7:S9 

L 57.30 
R 57.00 
7.68j7."97 
s 55. 1 
R 54·J 
8.9/9.2 

9 .4 5 
21.0 

14. 79 21. 7 8.85 
27 .85 27. 48 39.00 

9.45 22. 10 23.39 8.85/8.85 

2!.0 44.60 34.5 43.75/44.5 

20162 32564 3700 19737 ::r: 
6739 8891 543 4446 tt:l 

each sluice :> 
26901 41455 . 4243 24070 t:i 

23.4 
24.4 
36.9 
24.8 
33.0 

11 

7!.63 
70.14 

70.1 

7.62 
6i.G6 

7.77 

70.i 

7.62 
66.4 

9.0 

14:9 1 
33.95 
14.95 

39.95 

29.4 
31.2 
-tQ.6 
28. 1 
37.0 

12 

11.0. 
J3.2(i 
r /5.1 
l /5.77 

103.32 

7.49 
J00.42 

9 .! 8 

103.30 

7.47 
!CO. IO 

9.33 

10.05 
39.2 

10.05 

39.20 

29.8 
37.0 
29.8 
32.6 
23.4 

32.0 
32.1 
40.5 
29.0 
36.J 

104.22 

15.0 3.0 

5.4 8.7 
4.49 10.11 
J ;'6 .5 1 i ·l.5 
lf4.03 

201.17 I 03.63 

8.53 9.44 
199.00 10 !. 1 

9.5 1 11:2 

20 1.0 104.1 

8. 5 8.81 
197.50 9~.6 

11.2 12.7 

12.2 13.7 
31.1 43.40 

~ 
0 
:;o 
~ 
CFJ 

l J.43 5.49 

23.80 

3.20 5:79 7.0 . 6 .4 . 9.6 11.27 7.92 

U /S l 3.70 
K/S l3 .70 
U/S43.5 
K /S46.20 
U /S I0.66 

for R.L. 262.10 · R/Sll . l 
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Da ta regard ing crest k\'l: ls, wat1"rway nfflux antl o ther useful 
parameters of some uf tl1e barragt•s co11structed in this c~ntry "' 
during the last 20 yi•a1 s arc g iven in Tab!C' 5.2. This ~hall be 
usuful while d esigning new works. 

Tn c:ilc t1latin g the c istt·111 l.·vC' ls and depth o f s)iect piles, the 
possibi lity of non-unl'un11 fiow is taken into account b y 
providing a suitable con<:cntra tion factor. This fac to r is 
cl1oscn nrbitrarily. Us11<.dly 20% co ncl'ntration is taken at 
any particular section . Thcreforr, ac ti ve d ischarge per metre 
is 5/4 p f nonral di, chargc inr < nsily obtained by d ividing the 
maximulll d ischarge by tlic kngth of crest. No concentration 
of flow is usually t;1hn fo r designing protection works. 

___, RJ>('°f'ogression .. 
/ The effect o f' con~ truccinn of a weir on th e river regime is 

c>xplaincd in .A1 tide 5. 6 . J f rctrogrcssiun or lowering of bed 
leve ls in th e early stages a ftf'r co nstruction is not taken into 
a ccount, it can lc;1d to und<!r mining of th e fl oor. Observations 
rr.a<le in case of many Punjab weirs have r evealed a retrog res· 

sio n on .2 to 2.2 m. The retrogre~sion of this magnitude has 
bern observed a t low water levels but at high flood levels the 
rr.aximu,rn r ctrogres~ion observed is between 0.3 m to 0.5 .m. 

~I 

T h e actua l ·<lesign pra ctice is to allo w a r etrogression of 
0. :3 m incre<lsin.g linearly upto 2._0 mat low d ischarges, 
" : , ' . 
5.10 DESIGN··, ' WITH dONSIDERATI~ ~-)l•:.\-1 

HYDRAULIC JUMP · (.o~M._ 

O n a leve l floor with low fri ction, the position of hydraulic ~Q i't\.j.. 

jump is· unstable. Fo r a slight change in the d epth or velocity, ~ ·,J- () \" 
the position o f hydrau lic jump will vary widely . On the other 

0~\lW .J. 
hand, the position of h ydraul ic jump on th e sloping gjacis is ~-ye~'A 1 

more : ~table and C<lll be predicted closely. It is, therefore, 
considered essenti<ll to provide a s lop ing glacis so as to ensure' 
that th e h ydraulic jump is confined to the sloping glacis and 
under no c ircumstances it is formed lower than the toe of the 
glacis. 

Slo pes ranging from I : 3 to 1 : 5 are found to be most 
.suitabie for the g lacis. 

( Downstream 
\Jiydrtaulic jump 

floor 
In 

levels as determ~ by the\ 
ch apter 2 the m ethod of locating the ) 

DESIGN OF WEIR 15 l 

point o f hydrau lic j u m p was explain.ed. The level of the 
downstream floor for the condition that the point of jump is 
not lower than th e toe of g lacis 

= Downstream total energy leve l - E12 

The downstream ltivcl so obta ined shoi~}d be tested for other 
conditions of flow when the discharge is lower but the 
rctrogre&sion may be m uch h igher. -Length of horizontal floor as dete1·mined by th 
hydraulic jump : The main disturbance as a r esul t o 
jump extends upto a distan ce of 5 (D2-D1) from the poin 
of formation . In urder th a t the fil ter area and stp ne pro tecti'on 
be safe from the rna in turb ulence of the jump, the minimum 
length of the h orizontal floor should be 5 (D2-D1). Some 
'mes even 6 (D2 -D1) is recommended for poor so ils. 

(: 

Desiga . . of · dC?wns t1:"eam protection works-stilling 
h~eb~ .. ·The 'Value uf i~coming Froude nu mber for barrages 
and canal regu lators' u.sually lies in betw.~en 2.5 to 4.5, zone of 

weak hydraulic jump. T he energy dissipators and stilling 
basin for such co nd itions need careful design. Different 

s tates and o rganisations have recommended standard de1ign 
criteria. T he mo re com.non are U.S. B.R. stilling basins, 
R . S . Varshney's des ig n charts for stil ling basins for low 
Froude numbers , Saint Anthony Falls Lab, design etc. These 
have been d iscussed in detail in Chapter 2 o n hydraulic ju 
and energy dissipation devices. 

G
Uplift pressures in the region of hydraulic jum.p 
r determining the uplift pressures in the j ump trough, the 
mple te water surface profile o f the standing wave and the aub
tl pr essure gradient I ine for particu Jar ft ow conditions ·are 
otted . The upl ift p ress ure is the ordinate measured from 

1 the hydraulic gradient line to water surface. It m ay be 
seen in fig . 5.9 that o rdin a te Ybi is the net.u plift pressure at 
the location o f the hydra ul ic jump. Qn ~he o ther ha~d YI is 
the net uplift pressure at this location which will occUf with 
the maximum pon d level upstream and no flow downstream. 
The requ irement of. the floor thicknesid s worked out b y taking 
the larger of these two values and divid ing :it by the aµb· 
merged d ensity of the floor material, (G-1) .w here G is the 
specific gravity o f the floor material. The floor at every section 

" : 
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' _ _j 
Fig. 5.9 Uplift pressures on floor-Definition sket 

has to be d~ for the largl'r of the two uplift pressures 
(i.e. one with ~Y,draulic jump and the other for no flow 
condition) . The uplift pressures due to hydraulic jump are 
further reduced because of the following reasons : -(i) The backward rolling flow of water in the trough 

· reduces th~ uplift pressure. 

(ii) The uplift pressure· due to standing wave is maximum 
at the point of jump formation but reduces rapidly on 
either side. As t~e floor has beam action, it may be 
designed for averag'e uplift pressures than the maximum 
occµring at a point: 

(iii) The vertical component of the momentum remains 
unaffected in the jump which exerts a downward 
pressure in the vertical direction. 'I he magnitude of 
thi& force is quite considerable. 

Due to the above mentionet1 factors, the uplift pressure for 
design purposes due to jump !iirmation arc taken 2/3 of the 
theoretical value. Uplift pressures at the point of jump 
formation may also· be taken as 50% (D2 - D1) + <P Hi where 
¢is the percentage of pressure at the jump location. 

The design with consideration to scour has already been 
dealt in para 1.15 of Chapter 1 on design of structures on 

,~~ 

permeable foundations. ~ C~J 

~ THE DESIGN OF BARRAGE (Stepwise procedure) r- -
· The following data must be known ~ 

(i) Maximum flood discharge (Q) ,. . · ": '. ·~ 
(ii) Stage discharge curve o.f the river at barra.ge · · ', ~ 

., 

.. 

-......... 

STEPWISE DESIGN PROCEDURE 

(iiiJ Minimum water level 

(iv) Cross section of the river at barrage site 

The following have to be decided 

153 

(i) Lacey silt factor (f). This is determined from the 

equation, f = 1.76· .JM, 
(ii) Length of waterway, discharge per metre and affiux 

(iii) ~afe exit gradient 

(iv) Depth of sheet piles in relation to (i) scour depth 
and . (ii) exit gradient. · 

(v) Level and len~th of horizontal part of downstream 
impervious floor in coordination with hydraulic jump. 

(vi) Thickness of downstream impervious floor : 

(a) with reference to uplift pressure, 

(b) with reference to hydraulic jump or standing 
wave. 

(vii) Length and thickness of protection works beyond 
pucca floor upstream and downstream. 

Procedure 

STEP I Determine head loss (HL) for different flow 
conditions : 

If there is· no· retrogression HL = affiux 
'' 

If allowance for retrogression is taken in downstream bed 
level, then HL = affiux + retrogression. Usually 0.5 m 
retrogression will be sufficient in most case~. 

STEP II For known values of q and HL read corresponding 
values of E12 from Blench curves (Fig. 2.5). With known 
values of E12 read corresponding ,values of D2. .. : 

Cistern level = D ownstream T.E.L. - .Et2 

STEP Ill En = E12 + Hi . Knowing En, E~21 and q, 
read values of D1 and D2 from Fig. 2.7, energy of flow 
curves. Pi·ovide minimum cistern length = 5 (D2·-D1). 

STEP IV Determine scour depth from the formula 

( 
q2)1/:J 

R = 1.35 f 

Depth of ~patre.am sheet pile from ;icour consideration 
-..,. 1 R to l.25 R 

,..-
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Depth of downstream sheet·pi!e from scour consideration· 
= 1.25 R to 1,5 R 

An intt rmediate pi le line need not normally be provided. 
If a't a ll provided , its depth should not be Jess than that of the 
up.ttrt>am pile line. 

STEP V Work o ut the value of~ from the equation 
Tty .\ 

~J ,\ =GB ~ for the given val ue o f G" and the known values 

of d (downstream depth of sheet pile) and H (Maximu'TI static· 

head). Corresponding the value of . ;_ read the value 
'Tty ,\ 

of « fz om figure I. l 2. 

' ST EP VI Provide total length of fl oor (b) = °' d . Dis· 
pos ition of total floor length may be as fo llows: 

(I) Cistern length = 5 (D2-D1) to 6 (D2 - D1) 

(2) G lacis length = 3 to 5 times (crest level- cistern level) . 
for 3 : l to 5 : l slope o f glacis. 

(3) ups tream floor = the balance. 

If thfl total length is excessive, it would be economical to 
reduce it by providing a deeper downstream sl1eet pile. 

STEP VII In order to determi ne uplift pressures acting on 
the floor, the % pressures at t ipstream and downstream sheet 
pile lin es are worked o ut. The press ure d istr ibution from 
upstream sheet pile line to downstream sheet pile line it 
?ssumed to be linear. 

% pressures al upstream sheet pit~ Wte. 

I 
the known values of b and d1, - = 

• 0: 
For' di 

1)• Having 

known et read out valu es of </>D and </>s from plate no. l. 

% pressure at the bottom of sheet pile = I 00 - </>D 

%'.Pressure at the bottom of floor = 100 - </>s 

% 'pre;:s~ms at ~ow11stream sheet pile line. 

". . \ l d1 
F rom the known values o f b and di. -;- = b' read values 

of </>E and </>o corresponding to _!__ from plate n o. I, which 
0: 

.. 

. 
I. 

'{ 
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would be % pressure: .at the bQttom of floor and speet 'pile 
respectively. · 

% pressures at intermediate pile line. 

For the known values o f the depth of inter~diatp pile line 
' b . 
(ds) a nd total floor length b, . determine « = cl; Also 

calculate the b ase ratio 

bi -
b-

H o rizon tal distance between upstre<lm pile 
and intern1C'diate pile 

-------T-o-ta- l floor l ength--·-· .~ 

The avlue of </>c can be read directly from plate no. I for 

given values o f a and base ratio ~- . To find ,Pe for the 

known value of « and base ra tio ~, read for base ratio l - b~ 

for th'at value of o:, and subtract fr om I OO .. To get <f>o for ~ 

less than 0 .5, read </>o for base ratio I - ~ am.I subtract from 

JOO. 

Correction due to iloor thickness 

The thicknesses of the floor at {he location of the sheet piles 
are tentatively assumed for correcting the val ues o f .Pc.: in the 
upstream and .pg in. the downstream. If t1 is the floor thick· 
ness at upstream sheet pile of depth d1 1 correction due to 

floor t}\ick~e~s. =, . ~~ (<Po -: </>c) which is positive. · If t2 is the 

fl~or ·thiokn'es~· . at . d~w~st~eam sheet pile of depth d2, the 

c~rrection = ~: (~s :_ r/>o) which is n egative. 

Correction due to :DJ.utual interference of aheet pile• 

The correction du~ to mutual interference of sh eet piles is 
worked out by the following formula : 

C = 19 f p_ x d+D 
vb' b 

Slope correction 

This is applkable on ly in case where an intermediate pile 

1! 

I 
I 

ii 

I 
I 
j 

II 
,, 

'jl 
11 
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line is provided. The values of correction are given in 
chapter 1. 

; .. 
STEP VIII After ··knowing the corrected percentage 

pressure under the key points, tl)e .sub-soil pressure gradient 
line and hydraulic gradient line for surface flow is plotted 
with, .reference to the corresponding downstream water level 
as datum. The corresppndirig water profiles before and after 
the jump formation are . a·lso plotted for the given value of 
discharge intensity, q. 

Knowing q and En· at different locations of the glacis, 
corresponding valuc>s o'f D1 are read from figure 2. 7 and thus 
the water profile before jumb formation can be plotted. For 
plotting water profile after jump, the Froude number (F) is 

det~rmined from the formula =F = 'I/ :
018

. Knowing F2, the 

relation between the abscissa and ordinate of the profile can 
be read from the figure, 2.8. 

The intercept between the profile ·of hydraulic jump and the 
gradient gives the unbalanced head. The floor thickn~ss 

is, however, designed for .2/3 the maximum unbalanced head 
in the jump trough. 

The uplift pressure which will occur with the maximum 
pond level ·upstream and no flow downstream should also be 
determined. The requirement of floor thickness is worked out 
by taking the larger of the two upHft pressures and diving it 
by the submerged density of the floor materia · (G-1 ). Sfoc~ 

the floor is generally of cement concrete G inahti:a.s .. 2.'24 for · 
safer design. 

STEP IX 1 he protection works are now designed in respect 
fo the scour depth as per recommendations given in Ax:ticle 
1.15. 

The detailed design of the weir, undersluices and head 
regulator are illustrated in the subsequent articles. 

5.!2 EXAMPLE ON DESIGN OF BARRAGE 

A barrage is to be constructed on a river having a high 
flood discharge of approximately 10,000_cumec. 

.. L \~o(o 

' • 1 
I 

., 

ILLUSTRATIVE DESIGN EXAMPLE 

T he relevant data are as folio ws : 

Average bed level of river 

High flood level (before construction of barrage) 

Permissible affiux 

Pond level 

Lacey's silt factor 

Safe exit gradient for 'r·~r b ed material 

Concentration 

Bed retrogression 
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299.50 ni 3 0 0 

305.00 tfl 306 

~.OOm 1~o 
-Wa.ee m 3ot, . · 

·v 1.0 :!._·.o 

116 if '1-
v-- 20% 2 - 1 ' 

\/'C.50 rn 0~) VI? 

Stage cl isr. hargc> curve of the river at barrage site is given in 
fig. 5.10. 

Prepare a complete des ign for the headworks on the basis of 
the formation o f hydraulic jump and uplift pressures etc. by 
Khosl a's t heory. 

~· FIXATION OF CREST LEVELS AND WATERWAYS 

T he upstream floor level of the undersluices is generally kept 
at the average bed level of the river. 

Keep the ttpHream floor and tl1e crest level cff iyi dersluices 
= 299.50. m . The crest level of the other barrage bays is kept 
1.0 rn to 1.50 m higher than the crest level of'the unC1er~luices. 

Adopt crest level of the other barrage bays I. I m higher 
than that of the unclersluiccs. - L 

1--11- 30G 
.~ • .+-{; 305·00 ' 

~:~ :::::r·~-~---- -.w,:,i.;=~~! . ;J 
c...J '1 3 0 2··6 5' / J c 

-- -~u : ~· ~ 30,3 
" 

9. cJZ.. 

3-o I 
3 a() 

2.9 9 

~ 3 02·00 
< 
1-
111 301·00 
Q: 

~ 300·00 
It. 

' 

/ !i · ct\11dl I ~ c 

~ 
)l-\.,'M I ~ g 

I ~ ~ I II <'( 

I 0 EY 
J O I 

2 3 " 5 6' 7 8 9 10 
015Ci1MlGE IN THOUS / ,NO .C UMEC 

Fig. 5. I 0 Stage di.'charge CUJ'Ve 
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Thus crest level of other barrage bays )=: S00.60 m 

As per Lacey's formula, minimum stal:>le Water way 

Pw = 4.83 v Q ;,,, 4.83 v l O,OOfl 

= 483 111 

The actual waterway of the barrage is J:leclded by trial and 
(•rror on the basis that about '20% o.f .the maximum flood 
discharge sh ou ld be abl<' to pass through ·tlH• 1111drrsluices, and 
thr b~lancc throug h other barragr· bays. 

As~ume th e wnterway as folloyvs : 

(a) Underslllicrs /1ortirm 

5 bays or l:i m rach 

1 piers of2.5 rn <'nr h 

Ov<'rall watC'l'l\' il >' 

( b) 0th er hnrrngr. bnJ•S /1nrtfo11 

30 b:iys of J ~.O m rarh 

2() piC'rS of 2.0 m each 

.. Overall waterway or othr•r barr7~g1· b:i vs 

Assume one divide wall thick~s 

75.0 m 

10.0 m 

85.0 m 

::160.0 m 

!iltO m 

4 18.0 m 

3.0 m 

Thus assumed overall watPrway of t).11• barragr brt~ren 
ab11tments = (fl5 + 4·18+3) = 506.0 m. 

Now it sh all be c hecked whrther rw h1axi 111 11m tlood can 
pass th rough th e ass11mcd watt·rway. · 

H.F.L. brfore constrn ction of l>;irrn.!?:P ::IO;i.O m 

P1•nnissible a ffiux 

Thus 11.s. H.fo'.L. (d.s. H.r. L. + Affiux) 

1.n m 

306.0 m 

d . I • · IO,OOO 19 7fi 9 7·5 b A vcrage 1sr iarg<' mtl'n~ 1 ty = .
506 

-= . . 1 Al I . umec 

Scour drpth 'I<.' = 1.35 (q~/fi l/8 = 9.85 m 

. . I /I) 10. 7 .'i C) I Velnc11y o/ approac 1 =- q ·"- = " -<i.- = ,:<.m SN'. 
:>r< .. l ~ 

. v2 ·22 
Ve!oc1ty !wad _, 2g ~ 2 X ·~.fl = 0.2 m 

u 1. T.F..L. = H.f.L.+¥etocity h:-·a 
=. 301~.0+0.2{) - 306 .. 2-0'rri 

.. 

~1 I, 

DESIGN EXAMPLE ON BARRAGE 

Head over the under1luices creat - (306.20-299.~0) 

= 6.70 ·m 

Head over thr othrr hays crest = (306.20-300.60) 

= ·5.6.0 m 

1159 

As the floor and the crest o f the undersluices are at the same 
level, the width of cr!'st is sufficient and it will b ehave as 
broad-cn·st eel we ir. 

DischargP formula for brond·crnst~<l wC'ir i!: gi\•rn hy, 

Q = l.705 (L - 0.1 n H) f{3t2 

H encr, discharg<' passing through sluice• bays, assuming- that 
the end cont1 action~ o n di\'id1• w11ll and abutnwnl ~id<'~ arP. 
supp1 et1&l•d 

= l. 705 (7.'i- 0.1 x fl x G. 7) x. 6.7Hi 

1.705 X ii9.G4 X 17.343 = 20!i9 cum~r 

The cri-st wicth nr tlw other bay1 ahall be kept 2.0 m. Th<• 
}wad over tlH' crrst is .'i.fi1I m which is 111orc · 1111111 I .. 1 ti11ws thr 
width of r-r1•st. Thus till' oth<'r harragr. hays will brhnv1• 1u 
sharp <TP~trrl \\'rfr . 

Discharge formula for sharp cre.ted weir : 

Q == 1.84 (L-0. I n H) HllJ 

Hence discharge passing through weir bays 

= 1.84 x (360-0. l x 58 x 5.6) x 5.68/11 

= 1.84 x 327.52 x 13,25 2 = 7584.93 

say 7985 cumec. 

Thus total discharge passing down .the ba,rrage : 

= 2059 + 7985 + lOOH 

> 10,0LO cum ec. 

Hence the assumed waterW!lY and the crest levels are in 
order· . 

Against ,Lacey's 48.3.0 m waterway, .tbe -.ctual waterway pf 
506:0 m hu bcon· providecj. 

. . .. ".. . 906.0 
. . •Looseness factor = 

483
.
0 

- l ,;05 

(, 
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A .. d. h . . 3174 6 3 I verage 1sc arge mtens1ty = . 
506 

= . cumec m. 

( 
2)J /3 Norma l scour depth (R) = 1.35 j 

( 
6 32 \ 1/3 

= l. 35 - · -1 ) = 4.66 m. 

Velodt y of approach = _9_ = 6
6
·
3
6 

= 1.:15 m /se-c 
[{ ·J..) 

· V2 I 352 
Velocity head = 2~ ,._- 2~.:...0-8- = 0.003 say 0 . 1 m 

g x .. 
u.s. T .E.L. = 303.0 + 0.1 = 303. 10 m 

d.s. water level wh en nnnd dis<'hargC' o f 3174.0 rnmec is 

passing = 302.1)5 m (from ~1n~r discharge curve fig. 5.10 

where' 3234 has bcl'n printf•d t'1Tont·m1sly for '.ll 71) .. 

d.s. T.E.L. = 302.G!J + 0.1 = 302.i.i m. 

Discharge i11tE>nsity betwr:<'n p iN~ = 1. 70 x 3.f>03/t 

= 11.60 c:umPc/m 

Head loss (Hi)= 303. 1 0 - - - :~02.75 = 0.35 m. 

( ii) .. Pln1ti11g !ht prej11111jJ prnjiln (with !hr. hrlp ef Fig. 2.7) 

11.s. T.E.L.=307. JOm u.s. T .E.L,.,..303.75 · 
Distance q = 35.60 c11 me-/m q = 13.95 cumec/m 

from d.s. R.I.. of High Flood Pond levi>J flow 

end of glads f II 

crest (u.s. T.E.L. 
- R.L. of D1 

glacis) 

m m m m 

:HJ 298.50 8.GO 3.66 

4.5 298.00 <\, 1 n 3.36 

. 7.29 207 .07 10.0.3 3.0.'i 

(Jump location 
for pond flow) 

9.9 296.sn l 0.60 2.90 

12:5 1 295.33 1 J.77 'J..75 

(Jump location 
for maximum 

;flow) 

E11 
(u.s. T.E.L. D1 
-R'.L. of 

g lacis) 

m m 

5.25 1.75 
5.75 1:60 
6.6n I.375 

'\) 

~ 

-----· 1-------------·· .. 
I 
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(ii) Plotting the post jump 'profiles (with the help of Fit,. 2.8) 

SI. X 
High flood condilion 
(F=2.49), P2=6.20 
and D1 = 2.7.'i m 

Pone! 'flow condition 
(F = 2.75) 
p2 = 7.60· and. Dr 

= 1.375 m · 
No. D1 

-------·----------- - ------
Y/D1 X · y Y/D1 x y 

I. l 1.3 2.75m 3.57m 1.30 l. 37.5rn l.785m 

2. 2.5 2.0 6.87m 3.57m 2 .0 3.44 m 2.75 m 

3. 5.0 2.'.°l 13.75rn G.87m 2 .f>O 6.875m 3.57 m 

4. 10.15 2.8 28.0 m 7 .70m :uo 13.95m 4.27 m 

5. 20.10 - - - 3.50 28.00m 4.82 m 

(b) With 20% c01ice11lratio11 and O .. 'i m retrogrrssio11 

Di~cha rge intensity (1.20 X 11.60) = 13.92 cumec/m 

H d 
. 

1
. . . (1 3. 92 ) 21:i. OG 

en tor t 11s intensity = ~ = 1. m 

u.s. T.E .L. = 299.50+4·.06=303.56 

d.s. water level with 0.5 m 
retrogrE'ssion = 302.65 -0.5 = 302.15 m 

d.s. T.E.I.:' w ith n.5m retrogression = 302. 15-j-O. l = 302.25m 

Head loss (H1) = 303 . .'i6-':i02.2!1 = J.3lm 

The downstream floor haR been provided al R.L. 29~.no 
with a horizontal length of 28.0 m . 

(3) Depth of sheet pile lines frorn scour ~onsfdcntions 

( i) Drpth of scour 
Total d is'chargP- C'Scaping through nncl<:>rslu i r. C'~ = 2059 cumec. 

Overall watrrway of 11ndcrsl11ics = 85 mrtre 
< 

Average discharge intrnsity/metrc nm = 2~;~ = 24.22 r.umec 

D epth of scour 'R' = 1.35 (•q2/f)1/3 = 1.35 (587/ 1)113 
~- = 11 .07 metre . 
' 

(ii) 11.s . shnt j1ilr. 

On the 11.s. side a llow for I. I R 

.·. R .L. or' the b~ttom of scour hole 

= 12.18 m 

= 306.00 - 12. 18 
= 293.82 m 

Provide sheet pik line down tn elevation 293.0 m 

I 
I ' 

ii 
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I 164 CANAL HEAD WORKS 

(iii) d.s. sheet jJile 

On the downstream .~ icle allo\v for 1.25 R = J~.84 :::: 14.00 

R. L. of the bottom sr.our hole = 304.50-14.00 

= 290.50 m 
Provide sheet pile line tn elevRtion 289.0 m. 

(4) Total floor length and exit gradient. . 

Safe exit gradic•nt is l /6 ' . : · 

Maximum static head (H) = 303.0-2CJ5.0 = K m 

Depth of down.~trenm cutoff (d) = 295.00-289,00 = 6.0m 

1 
GB = (H/d ) . . Tty,\ 

0 1' Tt~A- = Gli· (d/H) = (1/6) >: (6/8) = 0.12.5 

From Khosla's exit gradient c.mve ex = I 1.50 for . ~- =0. 125 
Tty A 

Hence requirement of total floor length (b) = O'.d= 11.50 >' 6 

= 69 m. 

The floor length shall he provided as below; 

Downstream horizontal floor = 28.0 m 

Downstream glads length with 3: 1 slope = 3(299.50-295,00) 

ThP ba.Jancr shall be prodded 

'IS upstrC'am floor 

Tntal 

(5) Pressure calcuJa t.ions 

= 13 .. 50 m 

= 25 . .SO rn 

(i!l.0 m 

I For c!Nerrnining 11plift pr r.ss urr·s arc.n1·ding to Khosla's 
tlir·nry it is f'ssl'n tial l(I as~ un1r tliP fl o or thicknPsr, at th f' 
11pstn·am and d ownstn·nm <'lltoff. . . 

L et 11~ nssun1e tlw floor thicknes.~ of 1.0 m at the t1pstream 
C'nd, nnd l.50 mat thC' downst r Pam· rnd. 

(i) Upstream pile line 

cl = 2D9.50.-293.00 = 6.!"iO m (including floor thicknes~) 

~ = i = j.:)O = 0.095 
ex b · 69 

II\ 
..... 

,.'>f'J. 

~{' 

.. 

DESIGN EXAMPLE ON BARRAGE 

(Jo= 81% 

iPc = 73% 

t/l11-/>c = 8% 

(Jc coi:rection for depth = 6~5 x 8 = 1.23 ( + ve) 

-h9 co\'rection _for interference of d.s. sheet pile line 

165 

d = 5.5 m b ' = 67.50 m 

D = 298.5 -289.0 = 9.5 m, b = 69.0 rn 

C = 19 J s- x d'tD 

= 19 r 9..:..50 5.5+9.s 
\) 67.50 x 69.0 

= 1.55% (+ i ve) 

r}c corrected = ·'J3 + l.23 + 1.55 = 75.78% say 75.80% 

(ii) Dow11stream pile line 
d = 295.0 - 289.0 = 6.0 m 

1 d '6.0 
;;- = b = 62 = 0.087 

r/ie1 = 27% 

' r/>01 = 18% 

r/JBl - rP Dl = 9% 

·r/>a1 co~rection for depth = \~5 x 9 = 2.25% (-ve) 

i/Jo1 correction for interference of u.s. pile line 

d = 4.5 m, D = 0.5 tn 

C = 19 J ~:/5 X 
4·•55~0.S o= 0.12 ( -v~) 

tj>.,;,,1 corrected = 27 - (2.25 + 0 .12) = 27 - 2.37 
= 24.63% say 24.60% 

(iii) The level of the hydraulic gradient lines at key points 
undel" different fl.ow conditions are gfven in Table .'>.3. 

(6) Floor thickness 

(a) Downstream floor : T he hydraulic jump profile and the 

subsoi,l hydraulic gradient line can now be drawn for d ifferen t 
flow conditions (Fig. 5.11). It would be clear from the 

di~gpam that the stntic head governs the thickness of the ffoor 

,.-
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·I DESIGN EXAMPLE ON1 BARRAGE lf;;/ 

upto 25 m from the d.s. end while beyond it the. dyn~mi~ 
condition governs the thickness. Un balctnced heads ·at every 
5 m along the floor h ave been measured and thickness 
calculated by dividing the unbalans;ed head by 1.24 which is 
the submerged density of concrete (2'.24. - I). for dyna~ic 
condition, 2/3rcJ of the value of ordinate measured between 
the wat~r surface profile and the corresponding H.G. line ha• 
b een takc;n to calculate the floor thickness .. 

( i) At 5.0 mfrom d.s. md of floor .. 
Unbalanced head = 2.23 m 

2.23 
Flom· thickness required = 1~4 I.80 m 

Provide floor thickness of 2.0 m in 5 length. 

(ii) At 10.0 mfrom d.s. end of floor 

Unbalanced head = 2.53 m 

: 

Floor thickness required .:.__· {;! = 2.04 m 

Pro vide floor th ickness of 2.25 m in 5 m length . 

(iii) ( iii) At 15.0 mfrom d.s. md of floor 

Unbalanced head = 2.83 m 

· F loor thickness required = ~:~! = 2.2U m 

Provide floor thickness of2 .50 min 5 m length. 

(iv) .'ll 20.0 m frum d.s. -end of floor · 

Unbalanced head , = 3.1:3 m 

. k . d 3· 13 2 53 Floor th1c ·ncss require = L.24. = · m 

Provide floor thickness or 2.75 min 5 m length. 

(u) At 25.0 m from d.s. end of floor 

Unbalanced static head = 3.42 m 

Unbalanced dynamic head = ~ '< 4.65 = 3.1 m 

• k • d 3.42 2 7c 
Floor th1c ·ness require = IT4 = · 0 . . . 

. Provid e floor th iCkness of 3.0 m in 5 m length. 

(ui ) A t 28.0 m from d.s. end (toe of the .glacis) 

ll 

I'' 

!., 
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168 CA:NAL HEAD WORKS 

Unbalanced static head = 3.60 m 

Unbalanced dynamic head = i x 5.7 = 3.80 m. 

The unbalanced head due to dynamic head is more than 
the static head. 

• ·• Floor thickness required = ~:~~ = 3.06 

Provide floor thickness of 3.25 m and extend it by 2 m inside 
beyond the toe of glacis. 

( b) Upstream floor 

The subsoil hydraulic gradient line is below the water level 
i.e. a ll the unbalanced h eaJ acting on the floor is counter
balanced by the self weight of the water. Thus from 
theoretical considerations no floor thickness is required. 
However, minimum prescribed thickness of one metre shall 
be provided in the u.s. fioqr. This floor shall be thickened to 
1.6 m in a length of 2.0 m under the crest. 

( c) Under the gl.acis 

The floor thickness in the sloping glacis portion shall vary 
I ' 

from I .60 m at the upper end to 3.25 m at the lower end, 

(7) Protection works beyond impervious floor 

( i) Upstream protection. (a) Block jJrotectio11 

Depth of scour 'R' = 11.07 

Anticipated scour = 1.5 R = 16.61 m 

Upstream scour level = 306.0-16.61 = 289.39 m 
Scour depth 'D' below u.s. floor = 299.5-289.39 

== 10.11 say 11.0 m . . 
Volume ofblock 'protection to be given= 'D' cu m/m 

= 11 cu m /m 

Pro·viding 1.6 m X l.6m X Im C.C. blocks over 0.40 m thick 
. • I 1.0 

gravel, the length required = l + 0.4 = 7.85 m. 

Provide 5 rows. of the above blocks in a length of 8.0 m. 

( b). Launc!ti11g apr:on 

Quantity of launching apron should be 2.25 D cu m;m. 

Thi~kness of.launching apron · = 1.40 m 

Tl 

\; 

. DESIGN EXAMPLE. ON BARRAGE: 169 ., 

Th 1 h . d 2.25 x 11.0 , 17 
e engt require· = l.40 - = .68 m. 

Provide length. of launching apron = 18.0 m. 

( i) Dow11stream proleation 

Anticipated scour depthp = 2 R = 22.1 4 

Downstream scour level = 304.50-22.14 = 282.36 m . 

Scour depth 'D' bek>w d.s. floor = 295.00 - 282.36 

= 14.61! m . 
(a) l11~ted filler 

The length of the inverted filter sh ould be equal to 'D ' 

= 14.64 m . 

. Provide l.6m x 1.6 m x 1.0 m C.C. blocks with 10 cm· gap 
filled \vith 'bajri' over 1.0 m thick graded filter. 

No. of rows r equired= 
1 ~.-6~ = 7.32. 

Provide 8 rows of blocks. 

(a)- Launching ajJron 

Thickness of launching ap,ron 2.0 m 

Quantity of la unching apron required = 2.25D cu m/m 

h . d 2.25 x 14.64 lb 39 6 . . Lengt require = 
2

.
0
-. - = . m say l m 

III. DESIG.N OF OTHER BARRAGE BAYS PORTION 

(1) Discharge Intensities and' Water Levels 

( i) For high flood (a) Without co11cenlralion and retrogression 
u.s. T.E,L. · . = 306.20 m 
Crest level 

H ead over the crest,~H) 

Discharge intensity 

u.s .. H.F.L. 
cl.s. H.F.L. 
d .s. T .E.L. 

Head losti (HL) 

= 300.GO m 

= 306:20-- 300.60 = 5.60m 
= 1.84 x (5.60)312 

= 24.38 cumec/m 

.,,; 306.0 m 

= 305.0 m 

= 305.20 m 

= 306. 20 ~305.20 

=Im 
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172 CANAL HEAD WORKS 

· (iii) Plotting the post Jump-profiles for different flow conditions 

Froude no. (F) for l1igh .floo.d condition = 2.69 

Froude no. ( F) for pond level flow condition = 2.80 

·~ SI X/Di _F2=7.2 D1 -2.29m F2=7.85 D1 =1.0m 
i I High ftood flow oonditfon · Flow ot pond lovol 

N 0 . . ?-'!Di I x I y y /D1 I x I y 

1 2 3 4 · 5 6 7 8 
1 1.0 1.3 2.29m 2·.297 ·1.3 1.0 m 1.3 m 
2 2.5 . ~.o 5.75m 4.58 m 2.0 2.5 m 3.0 m 
3 5.0 2.5 l 1.50m 5.72 m 2.6 5.0 m 2.60m 
4 10.0 3.0 25.00m 6.87 ·m... 3.2 10.0 m 3.20m 

·~. 
5 15.0 - - - . 3.5 15.0m 3.50m 
6 20.0 - - - 3.6 20.0 m 3.6um 
7 25 .0 - - - 3.7 25.0 m 3.70m 

(b) With 20% concerilration and 0.5 m retrogression 

Discharge intensity with 20% conc1mtrat ion = 8. 72 cumec/m 

H ead over the crest for this discharge 

intensity 

. ·. u.s: T.E.L. 

d. s. water level 

d.s. T.E.L. 

Head loss 'HL' = 303.42 - 302.2!i 

= 2.82 

= (300.60+2.82) 
= 303.42 

= 302.15 

= 302.25 

= 1.17 ff 

The downstream floor has been provided at R.L. 296.00 m 
with a. honzontal length of 25.0 m. . . . 
(3J Depth of sheet pile line from scour considerations 

T otal discharge escaping through other bays = 7985 cumec 

Overall wa terway of other bays = 418 m 

A d . h . . 7985 
ver age 1sc arge mtens1ty = 418 19. J cumec/m 

. ( 19 12 ) 113 Depth of sc.otir 'R' = 1.35 -
1
-· - = 9.46 rn 

(i) Dpwnf Ire am sheet pile 
On, the u.s. side.'!-llow for 1; 1 R ==·lOA m 

L· . 
·'' 

l 

DESIG~ EXAMPLE ON BARRAGE 1'13 

: . R.L of the bottom of scour h ole = 306.00-10.4=295.6 

Provide a sheet pi le linr< up to elevation 295.00. 

(ii) Downstream sheet jJile 

On the d.s. side allow for 1.25 R == 11.{33 m 

R.~. of the bottom of scour hole = 304.50-11.83 = 292.67 

Provide sh <:>et pile line down to r levation 292.00 m. 

(4) Total floor l ength and ~xit gradient 

S r . d ' . l a1e r.xit a rn 1ent 1s -
6 . .-, ) 

Maximury1 static h<'ad (H), 

Depth of downstr f'nm cut.off (d 1 

H I 
GE = - ·-· ---= 

d rt \/' A 

= :103.00-296.00 = 7 m 

= 296.00-292.00=4.0m 

Ge. d l 
1I = 5 

l -
HencP 7t y A -

4 
x 7 == 0.095 

From Khosla'~cxi t gradient curvC', (Fig. 1.1 2), (I(= 21 ... 

Hence total floor length (b) = Cld = 21 X 4 = 84.0 m 
wh ich 

0

is excessive. 

Increasing thr. downstream cut-off by I m, we have 

cl = .5 .0 rn H = 7 m 

. I G 
. • '. 1 =~rl 

rt v1\ H -
l ., !i 

G- , i = 0. 119 

Frnm Kh osla's n1 r vP, Cl = l '.2 .5 

Total floor length (b) =ad =" l'.2 .5 ;. 5 = 02.50 m 

Adopt total floor length = 62.5 m :111d pro vide downstream 
cut-off to an C'lcvation :291 .0 m. 

The floor Irngth sh.il l be providr•d as hi•low : 

Do\\'nstrrarn liorizonta I fl nor =-= 25 .0 m 

D ownst1 C:1111 glaci~ lt ·ng th \\'ith I :3 sloprs = 3(300.G0 - 296.0) 

= 13.80 m 

CrC'St widt h = 2.00 m 

Upstrram gl:1ri~ l<'ngrh with l: I slope = 300.60-299.50 
= l.10 m 

Balnncr shall be r )'<JVid 1•d 
upst1·rnm flonl' = 20.GO m 



___...., 

CANAL HEAD WORKS 

Total floor length ..,. 25.0 + 13.80 + 2.00 + 1.10 + 20.60 

· - 62.50 m 

(5) Pressure calculatio~s 
Let the floor thickness in the upstream be 1.0 m and 1.50 ,m 

nt:ar the downstream cutoff. 

(i) Upstream pile line 

d = 299.50 - 295.00 = 4.50 m 

Floor length b = 62.50 m 
I . d 

-;- =:; J) :-
4.50 
6~.50 = 0.07.2 

c/>D 1••<' :81% 
.Pc """ 76% flD - r/>c = 8% 

r/ic correction for depth= !.~~ = 1.78% (+ ve) 

r/>c correction for interference of d.s. sheet pile !in•, 

d = 298.50 - 295.00 = 3.5 m 

D = 298.50 - 291.00 = 7.50 m 

b' = 61.0 m and b = 62.50 m 

- [7.5 . 11 c - 19 \j 6T x 62.50 

= 1. 17% ( + ve) 

r/>c corrected = 76 + 1.78 + 1.17 = 78.95% say 79% 

· (ii) Downstream pile line 

d ... 296.0 - 291.0 = 5.0m 
d 5.0 -=-=::s--

G( b 6'2.50 = 0.08 m 

i/>61 ""' 26% 
r/i1>1 = 17% r/is1 - r/io1 = 9% 

r/ilil correction for depth = 
155 

x 9 =-= :L7% (- ve) 

r/ilil correction for interference of u.s. sh~et pile line. 

d = 3.5 m, D = (294.25 - 29'5.00) = - 0.75 

Hence there will be no interference of u. s. sheet pile line 
on t]le d.!, pile line. · 

. . ;n cor~ected - 26.0 - 2.7 = 23.3% 

I 
f. .. 

"l 
' . t 
I. 

DESIGN EXAMPLE ON BARRAGE 
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176 CANAL HEAD WORKS 

(iii) The levels of the hydraulic gradient at key points 
under different flow conditions are g iven in table 5.4. 

(6) Floor thickness 

(a) .Downstream floor (i) At 5 m from dou1nstm1m md 

Maximum unbalanced head = 1.91 m 

Floor thickness required = : :~~ =. f .54 m 

Pl'ovide floor thickness 

(ii) At 10 m from downstream end 

Unbalanced head 

Floor thicknc~s required 

Provide floor thicknrss 

(iii) At 15 m frnm downstream nuf 

Unbalanc~cl head 

Floor thicknes~ rrquirrcl 

Provide flO'or thickness 

(iv) At 20 m frnm dnw11stream end 
Unhalanred hNtd 

Flo"!"" fhickncss rcquirNl 
I .. 

ProviclC\ floor thicknrs~ 

(11) At 25 m from dowmtrram r1Ul 

= 1.75 m 

= 2.22 m 

2.22 
=-= --- = 

1. 24 

= 2.0 m 

= 2.54 m 

1.79 m 

2.54 = 2.05 m = -1.24 

= 2.25 m 

= 2.fl6 m 

vrn_ = 2.31 m 
= l .24 

= 2.sn m 

Unb.nlanrrd head clue to stittic cond ition = :U8 m. 

Unba!anc<'cl hC:ad due fo r.lynnmic condition 

Floor thicknPss requir~d 

Pi·ovidc floor thickn<·ss 

(b) Uj1slream floor : 

- 2 x 5.24=3.49 ·- 3 

- 3.4<) = "2.81 
- 1.24 

= 3.0m 

. · , . 
Provide 1:0 m .thick concrete floor · wi~h bot10m R. L. a t 

298.50 and continue. this 11pto ~h~ enc} of crc.~t. T he cn' st 
!hickt\Pss nvnilnh!c will be (300.CiO.::.... 29H,50) = 2.10 m. 

\ 

J 
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(c) Sloping glacis 

The thickness of th~ . glacis shall vary from 2. 1 m at the 
upper end to ·3.0 m at the lower end. 

(7) Pro.tecdon. works beyond impervious Boor 

(i.) Upstream p,ot"lctfon 

= · 9.46 m 
( b) Bl oclc pro'tec#on 

Depth of ~ii~our '·R' 
Anticip~te~ scour .. 

U p~trearn. ·scour level 

=LS R = 14.2 m 

= 306.0 - 14.2 

= 291.8-0 

S<;our depth ' D' below u.s. fl9or = ·299.50 - 291.,80 

= 7.7 m. 

Q uantity of block protection required = D cu m/m. 
Providing 1.6 m x 1.6 m x 1.0 m C .C. block~ over 0.40 m 

kankar, the length requ·ired = i~: = 5.5 m 

Provide 4 rows o.f t-he above blocks in a length of G.4 m. 

(b) Launching apron 

Quantity of launching apron r equired for laun ch slop e of 
2 : 1 = 2.25 D cum/m and 1.8 D cum/m for a· slope of 1.5 :' i. 

A · 1. r h 1 1 · d 1.ax:7·7 
ssummg a s ope o 1.5 : I, t e engt l require = 1.4 

= 9.9 ; provide them. 

( ii) Downstream /1rotectio11 

Expected scour = 2R 

Downstream sco ur level 

= 18.9'.2 m 

= 3M .:i0 - 1 B.92 

= 2fri. :in m 

Scour depth <D' below d.s. floor = 2<1G.OO - 285.5H 

='· 10.42 sny 10.50 m 

(a) Inuertcrl filler 

The length of invertt'd fi lter shOttld be equal to D =' 10 .. 5Q .m . 
P rovide 6 r ows o f l. 6m x 1.6m x: I.Om C.C. blocks with lQ cm 
gap in betW<'<'n Ovl' r 1.0 m th ick graded fi lter . in a length o f 

10 !fl. 
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( b) Launching apron 

lJAl'IAL HEAD WORKS 

' Provide thickness of launching apron =- 2.0 m 

Quantity of launching apron required = .2.25 D cu, m/m. 

L h . d 2.2'5 x 10.5 l I 81 . . engt require = --··
2 
-- = ._ m 

Provide 13 m. 

(8) The detailed design is illustrated in fi g. 5.11. 

5.13 DESIGN EXAMPLE: 1-lEAD REGULATOR 

Design a suitable head regulator with reference to the 
barrage in para 5. 12. The relevant data are given below : 

(i) Full supply discharge of offtaking canal = 200 cumec 

(ii) Full supply level of canal = 302.6Q m 

(iii) . Water depth in canal at h~ad 

(iv) Bed level of canal 

(v) Angle of the off-take of canal 

=3m 

= 299.60 m 

= 107° 

(vi) Safe exit gradient for canal bed material = i 
Draw th"e plan·of the headworks along with the L-section of 

the head regulator. :' . .. . 

·Design· deta ils 

(1) Fixation of crest level and waterway: Generally 
the crest 1evel of the head regulator is kept 1.25 to 1.50 m 
higher than the cn•st level of the undersluices. 

Adapt crest level of th~ regulator at ]{. L. 30 !.00 m 
(299.50 ·+ 1.50). 

. : Head rrgulil!ors arn g<'nrrally p1'ovided with a very wide and 
shallow waterway. The drowned wei~ formula is therefore, 
used for calculating the discharge. , 

Q = 2/':l CJ / y'2g {(h+ha)3/2 - ha.3/2} + C2 [ d y2g{h + h.) 

'faking Ct = 0.577 and c2 = O.flO, neg·lccting the velocity of' 
approach 'ha' and snbstituting. 

h = 303.00 -· 302.60 

= 0.40 m 

i 

I 

1 
I 

I. 
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and d = 302.60-3fll.OO·= ·h60m· in the above equation,' we get 
200 = (2/3) x ~.577 x · l x v' 19.62 x (0.40)3/2 + 0.8 

x l x I. 60 x v 19.62(0.40). 

• l = 49.9 metre. 

Provide 6 bays of 8.50 m Pa<:h giving a clear waterway c.if 
51 m. 

-Provide 5 r iers of 1.60 m each. .Thus overall waterway of 
the regulator = 51 + 5 X 1,60, =; 59 .. 0 m. 

(2) Hydraulic calculations for various flow conditions 

( i) Full supply discharge passirJg .Jowrr the regulator during high flood 
During m -xi.mum flood;,t11e u,,,.. water level = 306.00 m 

D ownitrea.z:rq.vater levet.'i.n:·tb'e e~nal for 
. · f~1ll supply disch.ar'g'e ' . . . . . = 302.60 m 

Head causing flow· ='. ·3bo:oo~ 30!.!.60 = 3.'40 m 

If the' canal has to be· fed :.during f!uo.d, it would b e .necessary 
to open the gates· p_artial.Jy.. . · , 

Let the gate opening be· x mebfes '; the discharge can then be 
calculated with the help :oftl{e ~?J>~erged orifice formula . 

Q = CA y'2gli . - .. ::-- .. · . . : 

or 

C = 0.62 and A . = 5 lx. sq. metres and h = 3.40 m 

.200 = 0.62 x 51.x X _,./J 9.62 x 3.4 

x = 0.775 m 

Thus gate opening= 0:.775-m: . ' ' ... 
VPlocity of flow throu·~h ~he Qf>~nin g = 5 1 ~~~775 '"" 5.0Gm(sec 

Lo~s ofhN1d at the en·try . = 0.5(V2/2g)= 0.65m . ... ' ~ ' 
T .E.L. JUSt u.s. of gate = 306 +. 0.2 = ~06.20 m . .:. .. . 
T.E.L. just d.s. ofgate=306.20~0.65 = ~05.55 m 

D ownstream water level = 302.60 m 

Head loss = 305:55-302.60 = 2.95 m 
·200 . • .. 

Discharge in tensity q = 51. = 3,92 c11mrc/ m 

(ii) Full supply discharge passing·dow11 the regulator al 'pcmd lml 

HL = 303.00 - 302.60 = 0.40 m 

q = 3.93 cumec/m 
ti ... ,~ .. 

. •. '" 4 ~· ·:. 
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