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Cross Brainage-Works-

14.1. Introduction 

A cross drainage work is ~ structure. which is constructed at the crossing of a canal 
and a natural drain, so as dispose of drainage water without interrupting the continuous 
canal supplies. In whatever way the canal is aligned, such cross drainage works generally 
become unav~idable. In order 
to reduce the cross drainage 
works, the artificial canals are 
generally aligned along the 
ridge line called water-shed. 
When once the canal reaches 
the watershed line, cross 
drainage works are generally 
not required, unless the canal 
alignment is deviated from the 
watershed line. However, 
before the \vatershed is 
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reached, the canal which takes off from the river has to cross a number of drains, which 
move from the watershed towards the river, as shown in Fig. 14.1. At all such crossings 
c1, c2, C3, c4, etc. cross drainage works are required. 

A cross drainage work is generally a costly construction and must be avoided as far 
as possible. Since a watershed canal* crosses minimum number of drains, such an 
alignment is preferred to a contour canal which crosse.s maximum number of drains. The 
number of cross drainage works may also be reduced by diverting one drain into another 
and by changing the alignment of the canal, so that it crosses below the junction of two 
drains. 

14.2. Types of Cross-drainage vrorks 

The drainage water intercepting the canal can be disposed of in either of the 
foliowing ways : 

(1) By passing the canal over the drainage. This may be accomplished either through 
(i) an aqueduct; or through a (ii) syphon-aqueduct. 

_{2J_B_y __ passing_the_canaLbelow.the-drainage. This may be-accomplished either 
through (i) a super-passage; or through a (ii) canal syphon generally called a syphon. 

(3) By passing the drain through the canal, so that the· canal water and drainage 
water are allowed to intermingle with each other. This may be accomplished through (i) 
a level crossing; Qr through (ii) inlets and outlets. 

* Also called a ridge canal. 
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All these different types of cross drainage works are described below in details. 

14.2.1. Aqueduct and Syphon Aqueduct. In these works, the canal is taken over 
the natural drain, such that the drainage water runs below the canal (see Fig. 14.2) either 
freely or under syphoning pressure. When the HFL of the drain is sufficiently below the 
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Fig. 14.2. Canal taken over the drain in an 
aqueduct or a syphou aqueduct 

Fig. 14.3. Typical cross-section of an aqueduct: 

(Line Plan of Crossing). 

bottom of the canal, so that the drainage water flows freely under gravity, the structure 
is known as an Aqueduct (Fig. 14.3). However, if the HFL of the drain is higher than 
the canal bed and the water passes through the aaueduct barrels under syphonic action, 
the structure is known as Syphon Aqueduct (See ·Fig. 14.4). 
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In this type of works, the 'ianal water is taken across the drainage in a trough 

·· __ _§_URRQ!:t~Q_9JLPi~I's_,_ A_n ins_p_ection I'9agi~g~ll:~aJJy _p~vid~d al_ongwith !he. tro_!lgp,_(lS 
shown. An aqueduct is just like a bridge except that instead of carrying a road or a 
railway, it carries a canal on its top. An aqueduct is provided when sufficient level 
difference is available between the canal and the natural drainage, and canal bed level 
is sufficiently higher than the torrent level. In Sirsa, a city near Roper in Punjab, an 
excellent aqueduct having 20 spans of about 13 m each has been constructed to carry a 
canal having b~d width of 28 metres and a discharge of about 360 cumecs, with a torrent 
discharge of about 4300 cumecs. A difference of 3.3 metres was available between the 
bed level of canal and that of torrent in this case. 



722 IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES 

In the case of a syphon aqueduct, the drain bed is generally depressed and provided with 
pucca floor, as shown in Fig. 14.4. On the upstream side, the drainage bed may be joined to 
the pucca floor either by a vertical drop (when drop is of the order of 1 m) or by a glacis of 3 
: l (when drop is more). The downstream rising slope should not be steeper than 5 : 1. 

Jn this type of_cr:oss_:_diainage_\\'Qt:ks (i._e._wh_e11_the c_an_al_ is taken over the drainage), 
the canal remains open to inspection throughout, and the damage caused by floods' are 
rare. However, during heavy floods, the foundations of the work may be susceptible to 
scour; or waterway of the drain may get choked with debris, trees, etc. 

14.2.2. Super-passage and syphon. In these works, the drain is taken over the 
canal such that the canal water runs below the drain (Fig. 14.5) either freely or under 
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Fig. 14.5. Drain taken over the canal in a 
Superpassage or in a Syphon. 

(Line Plan_ of Crossing) 

Fig. 14.6. Typical cross-section of a 
Superpassage .. 

syphoning pressure. When the FSL of the canal is sufficiently below the bottom of the 
drain trough, so that the canal water flows freely under gravity, the structure is known 
as a Super:passage (Fig.· 14.6). How.ever, if the.ESL-of the canal is sufficiently above the 
bed level of the drainage trough, so that the canal flows under syphonic action under 
the trough, the structure is known as a canal syphon or a Syphon (Fig; 14. 7). 

A superpassage is thus the reverse of an aqueduct, and similarly, a syphon is a reverse 
of an aqueduct syphon. However, in this type of cross-drainage wo"rks, the inspection road 
cannot be provided along HF L . 

the canal and a separate 
bridge is required for the 
road-way. For affecting 
economy, the canal may be 
flumed, but the drainage 
trough is never flumed. 

. -- ln the case of a . . . . . .. .. . . . . . . . . . 
- ~YPh~;~-th;~~~~l- b;d--i~--------F'1g:-14~7~Typkal cross-section of a"Cailal Syphon 

d d d 
. (generally called a Syphon). 

epresse an a ramp is · 
provided at the exit (see Fig. 14.7) so that the trouble of silting is minimised. 

14.2.3. Level Crossing. In this type of cross-drainage work, the canal water and 
drain water are allowed to intermingle with each other. A level crossing is generally 
provided when a large canal and a huge drainage (such as a stream or a river) approach 
each other practically at the same level. A typical layout of a level crossing is shown 
Fig. 14.8. 

,. 
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A regulator is provided across 
the torrent (drainage) just on the 
downstream side of the crossing so 
as to control the discharge passing 
into the torrent. At the outgoing 
canal, a regulator is also provided so 
as control the discharge into the 
canal. A regulator at the end of the 
incoming canal is also sometim~~-
required. The arrangement is practi
cally the same as is provided on a 
canal headworks. This arrangement 
is generally provided when a huge 
sized canal crosses a large torrent 
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Fig. 14.8. Typical layout of a Level Crossing. 

carrying a very high but short lived* flood discharge. In this arrangement, the perennial 
drainage discharge is sometimes advantageously used, so as to augment the canal 
supplies. 

During dry season, when there are no floods, the torrent regulator is generally kept 
closed and the outgoing can!!l rggulator is kept fully open, so that the canal flows without 
any interruption. During floods, however, the torrent regulator is opened so as to pass 
the flood discharge. A beautiful level crossing has been provided in Eastern U.P. under 
Sarda Sahayak Pariyojna ; where a canal carrying 370 cumecs crosses the Sarda river 
carrying a high flood discharge of the order of 10,000 cumecs. 

14.2.4. Inlets and Outlets. An inlet is a structure constructed in order to allow the 
drainage water to enter the canal and get mixed with the canal water and thus to help 
in augmenting canal supplies. Such a structure is generally adopted when the drainage 
discharge is small and-the-drain cros~e.s _the canalwith_its bedJe\fel_eqµal_t_o 9r_ ?lightly 
higher than the canal F.S.L. Moreover, for the canal to remain in regime, the drain water. 
must not admit heavy load of silt into the canal. Thus, in an inlet, the drainage water is 
simply added to the canal. 

But, when the drainage discharge is high or if the canal is small, so that the canal 
section cannot take the entire drainage water, an outlet may sometimes be constructed 
to escape out the additional discharge at a suitable site, a little downstream along the 
canal. It is not necessary that the escaped discharge. should be equal to the admitted 
discharge. 

Similarly, it is also not necessary, that 
the number of inlets' and outlets should be IN LET 
the same. There may be one outlet for two 
OEthree inlets"The outletis generllllY com
bined with some other work where arran
gement for escaping is in any case to be 
provided or may be added at a small extra 
cost. 

An inlet essentially consists of an open 
cut in a canal bank, suitably protected by 
pitching, to admit the upland drainage 

* When floods are intermittent and not continuous. 
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Fig. 14.9. Inlet and outlet (Plan). 
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water into the canal. The bed and sides of the canal are also pitched for a certain distance 
upstream and downstream of the inlet. Similarly the outlet is another open cut in the 
canal bank with bed and sides of the cut properly pitched. The escaping· water from the 
outlet is taken away by a lead channel to some nearby drain, on the downstream side of 

- the surface -outlet~ 

This type of cross-drainage work (i.e. those requiring intermingly of canal water 
with drainage water) are inferior to aqueduct or superpassage type of works, but they 
are cheaper. Hence, the aqueduct or superpassage type of works are generally used when 
high flood drainage discliarge is large and continues for- a -sufficient-time. -A level 
crossing is used when the high flood drainage discharge is large but short lived. Inlets 
and outlets are used when the high flood drainage discharge is small. 

14.3. Selection of a Suitable Type of Cross-Drainage Work 

The relative bed levels, water levels, and discharge of the canal and the drainage 
are the primary factors which govern and dictate the type of cross drainage work that 
may prove to be most suitable at a particular place. For example, if the bed level of the 
canal is sufficiently above the HFL of the drain, an aqueducl is the first and obvious 
choice. But, if the bed level of the drain is sufficiently above the canal FSL, a super
passage may be constructed. Similarly, when a canal carries a small discharge compared 
to the drain, the canal may be taken below the drain by constructing a syphon, as against 
a syphon aqueduct which is adopted when the drain with smaller discharge can be taken 
below a large canal. 

However, in actual field, such ideal conditions may not be available and the choice 
would then depend upon many other factors, such as : 

(i) Suitable canal alignment. 

(ii) Nature of available foundation. 

- (iii)-Positfoii'of waterfabfo aric.f availaoility·cff dewateririg equipment.· 

(iv) Suitability of soil for embankment. 

(v) Permissible head loss in canal. 

(vi) Availability of funds. 

The relative bed levels of the canal and the drainage may be changed and manipu
lated by suitably changing the canal alignment, so that the point of crossing is shifted 
upstream or downstream of the drainage. For example, if the canal alignment is such 
that sufficient headway is not available between HFL of drain and bed of the canal, 
(although canal bed is higher) a syphon aqueduct has to be normally adopted. But, 
however, if other conditions (enumerated above) are not favourable for the construction 
of a syphon-aqueduct, the canal alignment may be changed so that the crossing is shifted 
t0-the--d0wnstream-'-where-.drainage- bed is low~ .and. thus sufficient. he.adwa)'_ be_c_Qm~s_. 
available for constructing an aqueduct in place of syphon aqueduct. The canal alignment 
is, therefore, finalised only a~ter finalising the cross drainage works. 

Compared to an aqueduct, a superpassage is inferior and should be avoided when
ever possible. Similarly, a syphon-aqueduct (unless large drop in drainage bed is re
quired) is superior to a syphon. A ievel crossing may become inevitable in certain cases. 
For example, when a large canal crosses a large. torrent at almost equal bed levels, a 
level crossing may remain to be the only answer. An inlet may be adopted when a small 
drain crosses the canal with its bed level equal to canal FSL or slightly higher than it 
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(i.e. bed conditions similar to those favouring the choice of a syphon or a superpassage). 
Inlets, though cheaper, are not preferred these days because their performance has not 
been very satisfactory. 

14.4. Various Types of Aqueducts and Syphon-Aqueducts 

They may be classified into three types depending on the sides of the aqueduct : 

Type I. In this type, the sides of the aqueduct are earthen bank with complete 
earthen slopes. The length of the culvert through which the drainage water has to pass 
under the canal should not only be sufficient to accommodate the water section of the 

1 canal bl.lt also the earthen banks of the canal with adequate slopes (Fig. 14.10). 
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Type II. In this type, the 
canal continues in its earthen 
section over the drainage, but 
the outer slopes of canal banks 
are replaced by retaining 
walls, thereby, reducing the 

---1erigth of the drainage culvert 
by that much extent (Fig. 
14.11). 

Fig. 14.10. Aqueduct (Type I) 
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Fig. 14.11. Aqueduct (Type IT) 
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Type III. In this type, earthen sec
tion of the canal is discontinued and the 
canal water is carried in a masonry or a 
concrete trough. The canal is generally 
flumed in this case, so as to effect 
economy in construction.. = = ~ =- __. ORA 1 NAG E _-: - -:; 
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value exists in Type IL Fig. 14.12. Aqueduct (Type III) 

Selection of the Suitable Type. T!:e selection of a particular type out of three types 
of aqueducts or syphon-aqueducts lies on the considerations of economy. The cheapest 
of the three types at a particular place shall be the obvious choice. 

In fact, in all cases, the cost of abutments and wing walls, is independent of the 
length of the culvert along the canal. In type I, no canal wings are required since the 
canal section is not at all changed. However, in this type, the width of the aqueduct is 
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the largest. Type I will, therefore, prove economical only where the length of the 
aqueduct is small and where the cost of bank connections would be large in comparison 
to the savings obtained from the reduction in the width of the aqueduct. 

In type III, the width of the aqueduct is minimum but the cost of bank connections 
- ---- is -maximum. -Th:inyp-e-Ts;-therefore, suitable where the length of the aqueduct is very 

large and where the cost of bank connections would be small in comparison to the 
savings obtained from the reduction in the width of the aqueduct. -

On the basis of above discussion, it can be concluded that the choice of a particular 
type depends mainly upon the-length of the aqueduct (i.e. the width of the drainage) in 
relation io the size of the canal. On a very small drain, type III is most economical; 
while on a very wide drainage, type I is most economical. Type II.is intermediate 
between type I and type III. The exact choice of a particular type in a particular case 
can be made by working out the cost of all the types and then choosing the cheapest. 

14.5. Design Considerations for Cross Drainage Works 

The follow~ng steps may be involved in the design of an aqueduct or a syphon-aqueduct. 
The design of a superpassage and a syphon is done on the sam<:nines as for aqueducts and 
syphon aqueducts, respectively, since hydraulically there is not much difference between them, 
except that the canal and the drainage are interchanged by each other. 

14.5.1. Determination of Maximum Flood Discharge. The high flood discharge 
for smaller drains may be worked out by using empirical formulas ; and for large drains, 
other reliable methods such as Hydrograph analysis, Rational formula, etc. may be used. 

14.5.2. Fixing the Waterway Requirements for Aqueducts and Syphon. 
Aqueducts. An approximate value of required waterway for the drain may be obtained 
by using the Lacey's equation, given by 

P= 4.75. -{Q 
where P= is-the-watted perimeter in metres 

Q = Total discharge in cumecs. 
For wide drains, the wetted perimeter may be approximately taken e-qual to the 

width of the drain and hence, equal to the waterway required. However, no extra 
provision is generally made for the space occupied by piers. Hence, if the total waterway 
provided is equal.to f, the effective or clear waterway will be less than P by as much 
extent as is occupied by pier widths. For smaller drains, a smaller figure for the 
waterway than that given by Lacey's regime perimeter, may be chosen. The maximum 
permissible reduction in waterway from Lacey's perimeter is 20%. Hence, for smaller 
drains, the width of the waterway provided should be so adjusted as to provide this 
required perimeter (minimum value = 0.8 P). The decided clear water way width is 
provided in suitable nu_mber of bays (spans). 

Size of the Barrels. After having fixed the waterway width & number of compart-
- irients-{bays),tne fie1g1it of tlie-drain-harrels has'to_b_e--'fixed. 111 case of an aqueduct, the 

canal trough is carried clear above the drain HFL, and drain bed is not to be-depressed. 
Hence, the height of bay openings is automatically fixed in aqueciucts, .as equal to the 
difference between HFL and DBL of drain. - - -

However, in syphon-aqueducts, the required area of the drainage waterway can be 
obtained by dividing the drainage discharge by the permissible velocity through the 
barrels. This velocity through the barrels is generally limited to 2 to ~ m/sec. The 
waterway area is then divided by the decided waterway width of the drain openings, to 
compute the height of the openings, and the extent of depressed floor._ 
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Due to the reduction in the width of the drainage, afflux is produced near the work _ 
site. The afflux will increase more and more, if the waterway is reduced more and more. 
The value of afflux is limited, so that there is no flooding of the country-side. The afflux 
may be calculated by using Unwin's formula as explained below in the following article. 

14.5.3. Afflux and Head Loss through Syphon Barrels. It was stated earlier that 
the velocity through syphon barrels is limited to a scouring value of about 2 to 3 m/sec. 
A higher velocity may cause quick abrasion of the barrel surfaces by rolling grit, etc. 
and shall definitely result in higher amount of afflux on the upstream side of the syphon 
or syphon-aqueduct, and thus, requiring higher anJ longer marginal banks. 

The head loss (h) through syphon barrels and the velocity (V) through them are 
generally related by Unwin's formula*, given as : 

h = [1 + f + f !::..] v2 - v~ 1 . 2 R 2g 2g ... (14.1) 

where L = Length of the barrel. 

Material of the surface ofbarre/ 

Smooth iron pipe 

Encrusted pipe 

Smooth cement plaster 

Ashlar or brick work 

Rubble masonry or stone pitching 

R = Hydraulic mean radius of the barrel. 
V = Velocity of flow through the barrel. 

Va= 'lelocity of approach and is often 
neglected. 

/ 1 = Coefficient of head loss at entry, 

= 0.505 for unshaped mouth 
= 0.08 for bell mouth. 

fz = is a coefficient such that the loss of head 
through the barrel due to surface friction_ 
is.given by 

fz · ~ · ~;; wherefz is giv-eri-as :- - · 

fz = Q (1 + * J I ••• (14.2) 

where the values of a and b for 
different materials may be taken 
as given in Table 14. I. 

Table 14.1 

a· 

0.00497 

0.00996 

0.00316 

0.00401 

0.00507 

b 

0.()25 

0.025 

0.030 

0.070 

0.250 

*The total head loss consists of three losses, i.e. 

E I f y2 ("") F. . I fzLV2 c···) E . I y2 
ntry oss = 1 2

g, ii ncuon oss = 
2

gR , m x1t oss = 
2

g· 
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After having fixed the velocity CV) through the barrels, the head (h) required to 
generate that much velocity can be found by using the equation (14.1). 

The dis HFL of the drain remains unchanged by the construction of ~vorks, and thus 
the u/s HFL can be obtained by adding h to the d/s HFL. The u/s HFL, therefore, gets 
headed up by an amount equal to h and is known as -afflux. The amount of afflux is 
limited because the top of guide banks and marginal bunds, etc. are governed by this 
raised HFL. So a limit placed on afflux will limit the velocity through the barrels and 
vice versa. Hence, by premitting a higher afflux and, therefore, a higher velocity through 
the barrels, the cross-sectional area of syphon _barrels can be reduced, but there is a 
corresponding increase in the cost of guide banks and marginal bunds and also the length 
of dis protection is increased. Hence, an economic balance should-be worked out and a 
compromise obtained between the barrel area and afflux. Moreover, in order to reduce 
the afflux for the same velocity, the entry is made smooth by providing bell mouthed 
piers and surface friction is reduced by keeping the inside surface of the barrels as 
smooth as possible. 

14.5.4. Fluming of the Canai. The contraction in the waterway of the canal (i.e. · 
fluming of the canal) will reduce the length of barrels or the width of the aqueduct. This 
is likely to produce economy in many cases. The fluming of the canal is generally not 
done when the canal section is in earthen banks. Hence, the canal is generally riot flumed 
in works of Type I and Type II. However, fluming is generally done in all the works of 
Type III. 

The maximum fluming is generally governed by the extent that the velbcity in the 
trough should remain subcritical (of the order of 3 m/sec). Because, if supercritical 
velocities are generated, then the transition back to the normal section on the 
downstream side of the work may invoive the possibility of the formation of a hydraulic 
jump. This hydraulic jump, where not specifically required and designed for, would lead 
to undue loss of head and large stresses on the >york. The extent of fluming is further 
governed by the economy and permissible loss of head. The greater is the fluming, the 
greater is the length of transition wings upstream as well as riownstream. This extra cost 
of transition wings is balanced by the saving obtained due to the reduction in the width 
of the aqueduct. Hence, an economic balance has to be worked out for any proposed 
design. 

After deciding the normal_ canal section and the flumed canal section, the transition 
has to be designed so as to provide a smooth change from one stage to the other, so as 
to avoid sudden transition and the formation of eddies, etc. For this reason, the u/s or 

approach wings should not be steeper than 26 l 
0 

(i.e. 2: 1 splay) and the d/s or departure 
2 -

_ wings should not be steeper than 1s l
0 

(i.e. 3 : 1 _splay). Generally, the 11ormal earthen 
----- - --- ----------------- - ------ -- ------2------- - -- - - - -- - - -- - -- ----------- -------- ---------- -

canal section is trapezoidal, while the flumed pucca canal section is rectangular. It is 
also not necessary to keep the same depth in the normal and flumed sections. Rather, it 
may sometimes be economical to increase the depth and still further reduce the channel 

- wiuiii in cases where a channel encounters a reach of rocky terrain and has to be flumed 
to curtail ruck excavation. But an increase in the water depth in the canal trough will 
certainly increase the uplift pressures on the roof as well as on the floor of the culvert, 
thus requiring larger roof and floor sections and lower foundations. Due to these rea;,ons, 
no appreciable economy may be obtained by increasing the depth. 
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The following methods may be used for designing_ the channel transitions : 

(i) Mitra's method of design of transitions·(~hen water depth remains constant). 

(ii) (::haturvedi's method of design oftr,ansitions (when water depth remains con
stant). 

(iii) Rind's method of design of transitions (when water depth may or may not 
vary). 

(i) Mitra's Hyperbolic Transition when water depth remains constant. Shri 
A.C. Mitra, Chief Engineer, U.P. Irrigation Deptt. (Retd.), has proposed a hyperbolic 
transition for_ the_ design of ~hanneltransitions. According to him, the channel width at 
any section X-X, at a distance x from the flumed section (Fig. 14.13) is give~ b7 

B 
= . Bn . Bf. Lt . . . ' 

x .; / .... (14.3) 
r 4~-~-~x · / . 

where Bn = Bed width of the normal channel section. 

B1= Bed width of the flumed channel section. 

Bx= Bed width at any distance x from the 
flumed section. 

L1= Length of transition. 

Derivation of equation (143) is given below: 
The above transition equation (i.e; equation 14.3) was derived on the basis that the 

. rate of change of velocity per unit length of the transition remains constant throughout 

CONTRACTION EXPAN_SION 
TRASITION TRANSITION 

1 ~FLUMED PORTION 
--..--'-_,_ 2:1 .r . DRAIN 

22·5°: . 

·, 4 

I 
u1sl

8
; __ 

8'1.::t-IORMALl_L ::._i Bf=FLUHED WIDTH 
WIDTH 130 c_ . -, 

I ,. ......_ __ .,,. 
--- D/S -

DRAIN 

.{'ig. 14.13 

the transition length. Thus, if Vn, l'J-and Vx represeq,t .. ~locities at the corresponding- -
sections, we have 

V1- Vx lj--Vn 
-x-=Lf 

... :· 

... (i) 
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Now, since depth'. y is assumed to be constant and the total discharge ·Q is also 
constant, we have 

or 

or 

or 

or 

or 

or 

or 

Velocity x Area= Discharge 

:. lj · Bf· y = Vx ·Bx· y = Vn · Bn · y= Q (assuming rectangular section throughout). 

VrBr= vi· B-x= vn · i311 

= Q =constant= K (say) 
y 
K 

lj=--
. Bf 

- - K 
--- Vx=-B 

x 

K v =n Bn 

Substituting these values in eq\lation (i) we get 

[{:f]~[{~f.] 
Bx-Bf _ Bn-Bf 

Bf· Bx · x .- Lt· Bf· Bn 
2 . 2 

Bx· LfBr Bn-Lr Bf· Bn =B,/3/Jx · x-Bf Bx· x 

B';L1·B'f·B ..,-B ·B'f·B ·x+B'f2 ·B ·x=L1·B'f2 ·B x- _ n. n . n x n 

Bx· Bf[Lr Bn-Bn ·x+!Jr x]=Lr BJ· Bn 

Bx[ Lr Bn :=x (~n_~B1)]=!-t_·~1:,~n 

B -[ fx· Be Bn ] 
x- Lr !Jn -x CBn-Bf) 

' . 
This is the required equation (14.3) . 

... (14.3) 

.. (ii} Chaturvedi's Semi-Cubical rarabolic 1'.ransition when water depth remains 
constant. Pz:of. R.S. Chaturvedi, Head of Civil E~1neering Deptt. in Roorkee Univer

. sity (Retd.), on the basis of his own experiments, had in 1963, proposed the. following 
equation for the design of channel transitions when water depth remains c.onstant. 

- L . B;/2 [ ( !!t. \3;2 ] 
x- B3,(2 -Bjl2 1 -l Bx) ... (14.4) 

-"--"--Choosing various convenient-values·ofB.x ;-the corresponding distance x can be computed 
easily from the above equation. 

(iii) Hind's Method for the design of Transitions when water depth may also 
vary. This is a general method and is applicable either when the depth in the flumed 
and unflumed portions are the same, or when these depths are different. 

· In Fig. 14.13, the contraction transition (i.e. the approach transition) starts at section 
1-1 and finishes at section 2-2. The flumed se.ction continues from section 2-2 to section 
3-3. The expansion transition starts at section :3-3 and finishes at section 4-4. From 

I I 

I 

I 
i. 
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section 4-4 onwards, the channel flows in its normal cross-section and the conditions at 
this section are completely known. Let Vandy with appropriate subscripts refer to 
velocities and depths at different sections. · 

The FSL at section 4-4 =Bed level at section 4-4 + y4 = (known) 
. y2 

:. TEL at section 4-4 = FSL at section 4-4 + 
2
; = (known) 

gene~~::::.:·:::3,0:d3 p~~r an '""8Y Io" m the ex~answn, which is. 
.. . [V~- V~) 

:. TEL at section 3-3 =TEL at sect~on 4-4 (known)+ 0.3 
2
g 

As the trough dimensions at section 3-3 are known, V3 is also known, and hence, 
TEL at section 3-3 can be computed. Knowing TEL at 3-3 ; FSL at 3-3 can be calculated. 

y2 
by subtracting 

2
; from TEL. Similarly, beo level at 3-3 can dlso be computed by 

substracting y3 from FSL at 3-3. 

Between sections 2-2 and 3-3, the channel flows in a trough of constant cross-sec
tion. The only loss in the trough (Hi) is the friction loss which can be computed with 

--Q2 ·n2 ·L 
;or HL = 2 413 • 

A ··R l 
Adding this .head iossHL to TEL of sec.tion '3-3, the TEL at section 2-2 is obtained. The 

yi:2 . 

FSL at section 2-2 can then be obtained by subtracting 
2
; from TEL of2-2. Similarly, the 

bed level at section 2-2 can be easily obtained by further subst:facting Y2 from FSL at 2-2. 
Since the. depth and velocity are constant in the trough, the TEL, FSL and bed lines are 
all parallel to each other from section 2-2 to 3-3. · 

Between section 1-1 and 2-2,~tVh~re :.~2Ja loss of energy due to contraction. This loss 
2- YJ 

is-~~~~~~~~~~~~~~,e~u~ t~~·=- __ 2g __ :__o __ ,, _____ ~ .•.. 
Thus the TEL at section 1-1 

. _ [v~-v?) 
=TEL ~t section 2-2 + 0.2 2g = (known). . 

. . . y2 '. < 
Knowing IBL at section 1-1, FSL at 1-1 can be obtained by subtracting -

2
1 .from TEL . g 

at 1-1. Similarly, bed level at 1-1 ~ari be obtained by subtracting y1 from FSL at 1-1. · 
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The bed level, FSL and TEL having been determined at all the four sections, the 
· . total cenergy line may be drawn by assuming _it to be a straight line between adjacent 

seetions. The bed line may also be drawn straight between adjacent sections, provided 
the rise or _fall in bed,~s~mall. The c?rners ~hould, however, ?e r?unded off_i~ this case'. 

-nowev.er,1fthe-change-in-bed level Is-considerable, the bed hne mthe trans1uon section 
should be drawn as· a ~mooth reverse curve, tan·gential to the bed lines at ends. 

Water surface in 

ORIGIN OF 1 Transition : in the con- ~ ~ l 2 
traction transition be- t 

-0 1'~AR(A1ussR~t<LAE - 11 -__ ·_ --, - ·rxx - -x tween section 1-1. to 2-2, 
· there will be a drop in 

water surface due to the 
drop in energy line and -t 2Y1 

also due to the increased 1_ Xi ' l 
velocity head at 2-2. This I , 

. . 1· ·b2 
dropinwatersurfacehas ,,... 2 x 1 :LL=-LE~NGTHOF .. , 2 
to be negotiated by a J' _ 
smooth curve tangential TRANSITION SE.CTION 2-2 

b. th d . h" b y SECTION 1-1 I at_o ens.T1scan e CENTRELINE BETWEEN 
.easily accomplished by H AND 2~2 

using two parabolic cur- p· 14 14 w S"'°" fil ,, T · · c· • · u· t ti' 11 1g. . . ater w,ace pro 1 e 1or rans1tion ontracnon. ve_s mee ng angen a y · · 
at.the centre of the transition, as shown in Fig. 14.14. 

. Let 2X1 = L =The Ieng~ in which fluming has been done. 

2Y1 =Total difference in water levels betwe~n section 1-1 and 2-2. 

Th~ distance of the Illiddle. point of transition will be X1 and drop in water ·surface 
-:will be Y1• The equation of the first paraboiic curve, with origfo. at water surface of 

.. section 1-1 {i.e. 01) is given by -

Y=C·X2 

when 

I 

Therefore, the equation of parabola becomes 

·- f=[~i]x2 ~ ... (14.5) 

Using the above_~uation, _the first parabolic curve can be easily plotted. Similarly, 
the second parabolic curve can bepfotte(fb)rtalan.g-tliecongin-a:t'-02 mrsection 2-i. 

The water surface'in the expansion transition between sections 3-3 and 4-4 can also 
be plotted in a similar fashiori,'where there will be a rise in the water surface from section 
3-3 to 4~4, as shown in Fig. 14.13. 

After having plotted l;he wate; surface profile over the entire length, the velocity 
head say (ftv) can be found -by. measuritig the. vertical. distance between TEL and water 

· surface line at any point. The velocity- head can then be converted into equivalent 
velocity by using V=--i2g:'h.,. Hence, the velocity at each point can be known. The 
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cross-sectional area required to pass the given dischar~e at each point can be foimd by 

dividing discharge by velocity at that point. (i.e. A_= ~) · . 

In trapezoidal channel of water depth y,.the bed width.B, and side slopes s: I; area 
is given by 

A =BD+s · y2. . .. (14.6) 

In flared wings, the side slopes are generally brought to vertical from an initial slope· 
of s : 1 and, therefore, the side slopes at any point can be interpolatedin proportion to./ 
the length of transition undergone. Thus at any point· A, y ands are known and hence 
the value of B can be worked out ~t this pt. by using the equation (14.6). The width of 
the canal at various points in the transition can thus be determined. Hence, all the 
dimensions of the transition are fully found out. 

.. i4.5.5. Design of Pucca Canal Trough. The canal trough is designed as follows : 
. . . . . -

For an Aqueduct. In case of an 
aqueduct, the bottom of the canal i.e. 
the roof of the culvert is subjected to 
the dead weight and the vertical load of 
water from the top, as shown in Fig. 

FSL o'F CANAL 

14.15. UIS HFL 
- - - -

Since in an aqueduct, there is no 0 RA m :..-
uplift from the underside acting on th~ : :=_ -=._ -:=: 
bottom of canal bed, the canal bottom. 
has to be designed for taking the dead 

ORAi N • 

weight and full water load (when canal Fig. 14.15· 

D/S H FL 

-- - - -

-is running full) 15y either providing·a ~ ,--·-,:------
thickness sufficient to ta!s:e this much of load merely by gravity or by providing a 
reinforced concrete slab with reinforcement at its bottom. . -. 

The side walls of the canal are to be designed as retaining walls. They may be made 
of m~sonry or RCC. It is preferable to have an entire R.C.C. section. The retaining 
walls 'ifiH be designed to carry the entire hqrizontal force exerted by the canal water 
·and shall, therefore, carry reinforcement ~n the. water face. 

Fo/'an Aqueduct Syphon. In case of an aqueduct syphon, besides the vertical load 
of canal water, one more force comes into action i.e. the uplift pressure exerted by the 
drain water. The roof of the culvert i.e. the bottom-slab of ca.nal should now be designed 

. to withstand these two forces independently. Although these two forces act in a opposi-
-·- tiollc to.each.other buLs_t_iU,cunder the worst circumstances, there may-be times when_only 

\:me of them may be acting~F~~ -~~~riip1~.-·~.he~ <lr-ainage is-fl.-o.wing-ai Tis-maximum-high.:_ :c - .. · :i 
flood level, canal may be empty. Similarly, there may not be any drainage water 
touching the slab when the canal may be running full. H~nce, the slab should be designed 
for: 

· (i) full water load and dead weight, with no uplift 

(ii) full-uplift with no water load. 
\. 
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The amount of the uplift pressures exerted by the drain water on the roof of the 
culvert can be evaluated by drawing the hydraulic gradient line (H.G. line), as shown 
Fig. 14.16. 

' ·--DRAIN 

DEPRESSED FLOOR 

-- --_.;DRAIN 
BOTTOM SLAB 

OF CUL VE.RT 

Fig. 14.16 

The uplift pressure at any point under the roof of the culvert will be equal to the 
vertical ordinate between the hydraulic gradient line and the underside of the canal 
trough at that point, as shown in Fig. 14.16. From this uplift diagram of Fig. 14.16, it 
is very evident that the maximum uplift occurs at the upstream end point near the entry. 
The uplift pressure on the underside of t.'le trough at the upstream end will be =[u/s 
water level - Entry loss - the level of the underside of the trough]. The slab thickness 
should be designed to withstand this maximum uplift. 

When the slab is designed to counter-balance the maximum uplift, merely. be 
gravity., it js sometiro~s fqqnd that the slab thickness required is less than what is 
required for the first condition (i.e. when designed for foll water load). Butinariy a tlrnes~ 
the thickness required for balancing uplift may exceed the thickness required for. balanc
ing the water load. In that case, it is generally not advisable to increase the thickness 

, ,because any increase in thickness will EXPANSION _ 101 NT 

result in lowering the levels of both 
the roof of the culvert as well as the 

· bottom slab of tuivert. This, in t1.1irn, 
will increase the uplift on the roof 
slab as well as on the bottom slab of BEARING PAD 

culvert. Hence, in such a case, the ANCHOR 

thickness of the roof slab is generally BA RS 

provided from the considerations of 
--~·- w·atei toaci andtlle re-m-ainin-g-\ipiiftis==--=~-:_ 

resisted by bending by providing top 
reinforcement in the roofsfab. In such MASON RY 

a case, the roof will have to be 
. anchored to the bottom slab through Fig. 14.17. Typical details of anchoring. 

piers by steel bolts, etc. so as to provide necessary end reactions for upward bending. 
A typical anchoring arrangement is shown in Fig. 14.17. A better alternative may be to 
provide full fledged R. C. C. box culvert. · , 
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14.5.6. Design of Bottom Floor of Aqueduct and Syphon Aqueduct. The floor 
of the aqueduct or syphon-aqueduct is subjected to uplift due to two causes : 

(a) Uplift due io water-table. This force acts where the bottom Tfoor is depressed 
below the drainage bed, especially in syphon aqueducts. -

The maximum uplift 
under the worst condition DRAINAGE POSITION OF 
would occur when there is no BED WA TE R TA~ l .:_ "\_ _ 

water flowing in the drain and ~~=~1T" 
the watertable has risen up .to'· 
the drainage bed. The maxi
mum net uplift in such a case 
would. be equal to the dif
ference in level. between the 

~: 

drainage bed and _the bottom of the floor, as shown in Fig. 14.18. 
(b) Uplift due to seepage of water from the canal to the drainage. The maximum 

uplift due to this. seepage occurs when the canal is running fuli and there is no water in 
the drain. The computations ofthis uplift, exerted by the water seeping from the canal 
on the bottom floor, is very cdmplex and difficult, due to the fact that the flow takes 
place in three dimensional flownet. The flow cannot be approximated to a two dimen
sional flow, as there is no typical place across which the flow is. practically two 
dimensional. Hence, for the smaller works, Bligh's Creep theory may be used for 
assessing the seepage pressures. But, for the larger works, the uplift pressures must be 

UIS END 
OFPUCCA 

FLOOR 
OF DRAIN 

DRAINAGE 

· checked by model studies. 
--..---.~--r- The seepage pressure can be 

Fig.)4.19 

UIS END OF PUCCA I d b Bl.. h' h' 
FLOOR OF CANAL eva uate y 1g s t eory 

TROUGH as explained bel.ow : 

DIS END OF 
PUCCAFLOOR 

DRAIN 

The seepage flow occurs 
from the beginning of pucca 
canal trough· (point a) and 
reappears in the drainage bed 
on. either side of the imper- . 
vious floor along the centre 
of the floor of the first cul
vert bay (say point c or point 
cl) in Fig. 14.19. Point b is 
the point under the centre of 
the floor of the first culvert 
bay. 

The· seepage path from .a to b and from b fo c can be known: Thec-tofar cfeepleirgth -
. will then be equal to =ab+ be. If His the total seepage head (i.e. H = FSL of canal - dis 
. bed level of drain), the residual head at. the point b (i.e., Hb) is .then given by Bligh's 

theory as equal to 

Hb = H c.. [ab~ be x ab] 

or Hb=[ab~bcxbc] ... (14.7) 
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The floor of the syphon-aqueduct must be designed for the total uplift·which is equal 
·to the sum of the uplift due to seepage plus the upltft due to static head. The total uplift 
may· be partly resisted by the wt. of the floor and partly by bending in reinforcement. 

..... ___ ._Method_s_{)f_J?.d.1!.<:.!ng uplift on. the floor. The uplift on the bottom floor may be 
-reduced in two ways :-:- . -- - - · · - --- - - · 

(i) By extendjng the impervious canal ·trough on either side of the drainage so as 
to increase the creep length ab. A puddle apron may be used in place of 
.concrete floor, jf e<layis_easily. available. 

(ii) By providing drainage holes in _the culvert floor so as to release the uplift. If 
s_uch relief holes are provided in the bottom floor; an inverted filter, should 
also be provl.d~4 below the floor. The inverted filter would help in preventing 
th~ soil particles from getting out of the holes. The performance of such holes 
may ~o( prove.very successfu,J in actual field as it appears to be on paper. 
Because, if these get choked or if there occurs some defect in filter system, 
there may be a danger of faiJure ~f work by excessive uplift or by undermining. 

14.5.7. Design of Bank Connections. Two set of wings are required in aqueducts 
and syphon-aqueducts. These are : 

(i) Canal Wings or Land Wings. 

(ii) Drainage Wings or Water Wings. 

(i) Canal wings or Land wings. These wings provide a strong connection between 
the masonry or concrete sides of a canal trough and earthen canal banks. These wings 
are generally warped in plan so as to change the canal section from trapezoidal to 
rectangular. They should be extended upto· the end of splay. These wings may be_. 
designed as retaining walls for maximum differential earth pressure likely to come on 
them with no water in the canai. The foundations of these wings sho.uld not be left on 
filled earth. They should -be taken deep enough to give safe creep length. 

(ii) Drainage wings or Water wings or River wings. These wing walls retain and 
protect the earthen slopes of the canal, guide the drainage water entering and leaving 

· the work, and join it to guide banks and also provide a vertical cut-off for the water 
seeping from the canal into the drainage bed. The foundations of these wing wails should 
be taken below the deepest anticipated scour in the river. The sections of these wing 

. walls should be capable of withstanding the maximum differential earth pressure likely 
tci come on them. · 

The layouts of these sets of wings depend on the extent of contraction of canal and 
drainage waterways, and the general arrangement of the work. 

Design Examples 

-' -_-----'-Example-14.l. Design-a-suitable cros.s~drainage work, given th.e follp}1Jing data at 
the crossing of a canal and a drainage. 

Canal 

Full supply discharge 
. Full supply level 

~ Canal bed level 

Canal bed width 

=.32 cumecs 
=R.L 213.5 
=R.L. 212.0m. 
=20. 

Trap~zoidal canal sectioihwith 1 f H: 1 V slopes. 
/ \ 

Ca,1Jal water depth = 1.5 m. 
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Drainage. 

High flood discharge =300 cumecs. 
Highflood level =210.0m. 
High flood depth = 2.5 m. 
General ground level = 212.5 m. 

Solution. Since the drainage is of a large size, work of type . III will be adopted. 
Further, because the canal bed level (212.0 m) is much above the H.F.L. of drainage 
(te. 210.0 m) an aqueduct will be constructed. The earthen banks of the canal will be 
discontinued and the canal water taken in a: concrete trough. For effecting e£on6iriy;-the 
canal shall be flumed. 

Step 1. Design of Drainage Waterway 

Lacey's regime perimeter= P = 4:75 {Q 
· . where Q = High flood discharge of drain 

= 300 cumecs (given) 
P = 4.75 · °'1300 = 82.3 m. 

Let the clear span between piers be 9 m and the pier thickness be 1.5 m. 

Using 8 bays of 9 m each, clear waterway = 8 x 9 = 72 m. 
Using 7 piers of 1.5 each, length occupied by piers= 7 x 1.5 = 10.5 m. 

Total length of waterway= 72 + 10.5 = 82.5 m 

Step 2. Design of Canal Waterway 

Bed width of canal = 20.0 m. 

Let the width be flumed to 10.0 m. 

Providing a splay of 2 : 1 in contractiqn, the length of contraction transition 

20-10 
= · X2=10.0m 

2 
Providing a splay of 3 : l in expansion, the len,gth of expansion transition 

20-10 
I= 

2 
X 3=15m 

Length of the flumed rectangular portion of the canal between abutments = 82.5 m 
(provided). 

1).1 transitions, the side slopes of the canal section' will be warped in plan from tl:ie 
original slope of 1 t : 1 to vertical. 

I 

Step 3. Head loss and bed le;vels at different sectio.ns. (Fig. 14.20). 

At Section 4-4 

At section 4-4, where the canal returns to its norynal section, we have · 
Area· of trapezoidar-canal section - --

= (B + l.5y) y 

= (20 + 1.5 x 1.5) 1.5 = 22.5 x l.5 = 33.75 m2 

Velocity= V4 = (~ )= 3~~5 =·0.947 m/sec 

. v~ (0.947)2 

Velocity head= 
2
g = 

2 
x 

9
_
81 

0.046m 

R.L. o(bed, at 4-4 = 212.0 m (given) 
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CANAL - 2Pm 

PLAN 

2om 

' 

,
1 

10 m --... j•--82.5 m--•+ool • ..... ·---

- 10m--

l t---"'t--r::..:::-:...:-::...- - - - - --

1 , 2 
213.718 

·t---..__ T.E.L 

~ ~ - - -=-~~21_3 •. 68~1-~==-·---........ '.-::::!:""~~~· 213.546 

' 213.672 -·- - - - 213.5 I .I 213.449 F.S.L. 213.370 

. -------~ 1 I BED ! 

~:::----~1~..:.· _.,.. ____ lµlL--------il 212.om j 212· 172 211.94; f 21l.870 4 fGivenJ 

1 ! L-Section 

3 

Fig. 14.20. Plan and Section of Canal Trough in Example 14.1. 

R.L. of water surface at 4-4 = 212.0 + 1.5 = 213.5 m 
--R;t.-ofTEJ:;: ·at-4:4=-213.5-+0.046 = 213.546-m 

The known condition of 4-4 shall now be utilised for finding the bed levels etc. at 
3.3; ' . -

At Section 3~3 

Keeping the same depth of 1.5 mthroughout the channel, we have at section 3.3 : 

Bed width = 10 m 
Area of channel = 10 x 1.5 = 15 sq m 

. . 32 
Velocity= V3 =15 = 2.13 m/sec 

. . . vr (2.13)2 

'--------~ ____ Yel_O_G.lt)' head ='-2i :::;:'2.'xc9,;8_f. __ J!:~}J. cIIl _ 

As~uming that the loss of head in expansion from s~ctibn 3-3 to section 4~4 is taken 
as 

_ [V~-V~] 
-0.3 2 . g . 

= 0.3 [0.232- 0.046] 
= 0.3 x 0.186= 0.0558m; say0.056m 
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R.L. of T.E.L. at section 3-3 = R.L. of T.E.L. at4-4 +Loss in expansion 
= 213.546+ 0.056= 213.602m 

:. R.L. of water surface at 3-3 = R.L. of T.E.L. at 3-3 - Velocity Head 

= 213.602- 0.232 = ~13.370 m 
R.L. of bed at 3.3 

= 213.370- 1.5 = 211.87 m 
At Section 2-2 

739 

From section 2-2 to 3-3, the trough section is constant. Therefore, area and velocity· 
at 2-2 are the same as at 3-3. But from 2-2 to 3-3, there is a friction loss between 2-2 
and 3-3 which may be computed by Manning's for:n~la as equal to 

n2 
· V2 

· L 
Hi= R413 

where n is rugosity coefficient whose value in con
crete trough may be taken as 0.016; and L is the 
length of trough = 82.5 m. 
Area oftrough section (A)= 10 x 1.5 = 15 sq m 
Wetted perimeter (P) --= 10 + 2 x 1.5 = 13 m 

Hydraulic mean depth (R) = ~ = ~ ~ = 1.16 m 

Q 32 
Velocity in trough = A = 15 = 2.13 m/sec 

H _ (0.016)2 x (2.13)2 x 82.5 
L - (1.1 6)4/3 

= 0.0787 m; say 0.079 m 

R.L. of T.E.L. at 2-2 = R.L. of T.E.L. at 3-3 + Friction loss in trough 

= 213.602 + 0.079 = 213.681 m 

R.L. of water surface at 2-2 

= 213.681- 0.232 = 213.449 m .. 
. R.L. of bed l).t 2-2 

' 
=213.449- L5=211.949m 

At Section 1-1 

Loss of head in contraction transition from 1-1 to 2-2 

=02 (V~ 2~ Vy} 
= 0.2 [(2.13)2 - (0.947)

2
] 

2 x 9.81 

= 0.2 [0.232 - 0.046] = 0.037 m 
r 

R.L..of T.E.L. at 1-1 = R.L. of T.E.L. at 2-2 +Loss in contraction 

= 213.681+0.037 = 213.718 m 

" - . - - - - - -- ------------··-------··- -· -
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R.L. of water surface at 1-1 

= 213.718-0.046=213.672m 

R.L. of bed at 1-1 

= 213.672- l.5 = 212.172 m 
All the bed levels, F.S.L. and T.E.L. are plotted in Fig. }4.20. 

. . 
Step 4. ~es~gn of Transitions 
(a) Contraction Transition. Since the depth is kept con-

stant, the transition can be-designed on the basis oLMitra'_s _ r· 
Hyperbolic transition equation (14.2) given as : . 

. B . B T_. . _!<;anal 20m 
B = n f'.:1 

. x LtBn-x(B~-.-:-B1) l 
where BJ= 10 m 

Bn=20m 

Li= lOm 
Substituting we get Fig. 14.21 

B = 20x lOx 10 = 2,000 
x 10 x 20 - x (20 - 10) 200 - 1 Ox 

2 

For various values of x lying between 0 to 10 m, various, values of Bx are worked 
out, as shown below in Table 14.2. The distance xis measured from flumed section.i.e. 
2-2, as shown in.Fig. 14.21. 

. Table 14.2 

xinmetres 0 2 4 6 

B 2,000 . 
x= 200_-= lOx_m metres 10.0 11.11 12.5 14.29 

The contraction transition can be plotted with th~se values. 

Expansion Transition. In this case Bn = 20m; 
B1=JO m, and L1= 15 m. 

Using Eqn. (14.2), we get 

B = Bn ·Be Lr 
x Lr Bn - x (Bn - B1) 

.20 x 10 x 15 3,000 
= 

15x20-x(20-10) 300-lOx· 

For various values of x lying between 0 to 15 m, 
various values of Bx are· worked out by using the 

· 'aoove-equation:;-iifl;irown--foCTabfo-1-4.3. -

Table 14.3 

x 
0 .2 4 6 in metres· 

3 

T c~10m 

... · 

8 10 

B ~ 3,000 
x 300-JOx l@~ 10.71 11.54 . 12.5 . 13.64 15.0 

in metres "-:.· 

8 

16.67 

Fig.14.22 

.. 12 14 

16.67 18.75 

The expansion transition dm be easily plotted with these values. . . . . 

10 

20.0 

15 

20.0 
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Step 5. Design of Trough 

The trough shall be 
divided into two equal com
partments of 5 m each and 
separated liy an intermediate 
wall of 0.3 m thicl<ness. ·The 
inspectit>h road sha}.l be car
ried on the top of left compart
ment as shown in Fig. 14.23.· 

A fteeboard of 0.6 m 
above the ,normal· wafer depth 

741 

Fig, 14.2~ 

of 1.5 mis sufficient, and hence, the bottom level of bridge slab over the left compart
ment can be kept at 1.5 + 0.6 = 2.1 m above the bed level of the trough: The height of. 

! the trougfi will, therefore, be kept equal to 2.1 m. The entire trough section will be 
constructed in monolithic reinforced-concrete and can be designed by usual structural 
methods. The tentative thicknesses may be used as follows : 

Outer walls = 0.4.m thick 
Bottom slab of trough= 0.4 m thick· 

The 'intennediate partition wall is to be extended in the transitions so as to provide 
the necessary clear width of 10 m. The detailed drawing of the aqueduct is illustrated 
in attached chart Fig. 14.24. 

Example i4.2. Design a syphon aqueduct if the following data .at the crossing of a 
canal and a drainage are given : 

(i) Discharge of canal . = 40 cumecs. 

(ii) Bed width of canal = 30 m. 

(iii) Full supply depth of canal 

(i~) Bed level of canal ' 

· =.1.6.m .. 

= 206.4 m. 

(v) Side slopes of canal = l~ H: 1 V. 

(vi) Highf/,ood discharge of drainage = 450 cumecs 

(vii) High flood level of drai~ge 

(viii) Bed level of.dr_a{nage 

(ix) General grourid level 

= 207.0m. 

= 204.5 m. 

= 206.5 m. 

Solution. Since the drainage is of 'a large size, work of type Ill will be adopted. 
Further, because the canal bed level (206.4 m) is slightly below the d,rainage HFL (207 _0 
m) ; a syphon aqueduct is required and is also asked for. The earthen banks of the canal 
will be discontinued and the canal water taken in a concrete· trough. For affecting 

-eeonomy, the.can.al shalloe fllimoo. - · · -
Step ·1~ Design of Drainage Waterway lfl\ 

Lacey's regime perimeter= P = 4.75 . .../Q -
=4.75../450=100.8 m 

Provide 11 clear spans of 8 m each and let the width of each pier be 1.5 m. 

The length occupied by 11 bays o{ 8 m each = 11 x 8 = 88 m 

The length occupied by 10 piers of _1.5 each = 10 x 1.5=15 m 
Total length of waterway · =. 88 + 15 = 103 m. -
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Let us, now, limit the velocity through syphon~barrels, to a value, say 2 m/sec. 

Height of barrels required • 

= Discharge = ~ = 2 56 
Velocity x clearwidthofwaterway 2 x 8~ m · m. 

Hence, -provid~l 1 rectangular barrds, each- 8-m_,wide and 2.5 m high. 

Actual veiocity through barrels = 
11 

x4~~ 
25 

= 2.05 m/sec. 

Step 2. Design of Canal Waterway 

Normal bed width of canal = 30 m 

Let the width be n~duced to 15 m. 

Providing a splay of 2 : 1 in contraction, the length of contraction transition 

= 
30

; 
15

x2=15 m. 

Providing a splay of 3 : · 1 in expansion,. the· length of expansion transition -
-30-15 . 

= 
2 

x 3 =,= 22.5 m. 

Length of flumed rectangular portion of the canal between abutments = 103 m 
(provided). In transitions, the side slopes of the canal section shall be warped in plan 
from the original slope of 1 f H : 1 V to vertical. · 

Step 3. Design of Bed Levels at Different Sections (Fig. 14.25) 

207·107 

206·507 

'' . ··-· 

1207-922 

;=-=-=-::-~---"'--. 4_ ~2o;g.6~-3~2bL ~ 206•4_ 
--,(Given) 

_,_, ____ . __ 

L-SECTION 

Fig. 14.25. Plan and Section of Canal Trough in Example 14.25. 

At Section·4-4 

When the canal returns to its normal section, we have the known coDiditions as 
follows: -
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Area of trapezoidal canal section 

.. = (B+ I.5y)y 
where B ~Bed width = 30 m 

y=Depth= l.6m 
= [30 + 1.5 x 1.6] 1.6 
= 32.4 x 1.6,;,, 51.84 sq. m. 

Velocity of flow = V4 = ~ = 5 ~-~4 = 0. 77 ml sec. 

Velocity head = V~ = (O. 77)
2 

= O 030 m 
2g 2x9.81 · · 

R.L. of canal bed at 4-4 = 206.4 m (given) 
Water depth = 1.6 ni (given) 

R.L. of water surface at 4-4 = 206.4 + 1.6 = 208.0 m 
R.L. of T.E.L. at 4-4 = 208.0+ 0.03 = 208.03 m. 

A.t Section 3~3 
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Assuming a constant depth of 1.6 m throughout the channel, we have at section 3~3. 
a rectangular channel, as follows : 

as 

Bed width == 15 m 
Depth = 1.6 m (assumedconstant) 
Area = 15 x 1.6 = 24 sq. m. 

40 
Velocity = V3 = 

24 
= 1.67 m/sec. 

. _ v~ _ (I.67)2 _ 
Velocity head-

2
g -

2
x

9
_
81 

-0.142m 

Assuming that the loss of head in e:icpansion from_section3..,3:t0csection 4::4 is taken 

_ [V~-V~] 
-0.3 2 . g 

= 0.3 [0.142-0.030l= 0.3 x 0.112=0.0336m; say0.034m. 

R.L. of T.E.L. at 3-3 = R.L. of t.E.L. at 4-4 +Loss in expansion 
= 208.030 + 0.034 = 208.064 m. 

R.L. of water surface at 3-3 

R.L. of bed at 3-3 

··· · --A.f Section 2-2 

= 208.064-0.142= 207.922m. 

=207.922- l.6=2J)6.322m. 
-- . .. . . -- -- ... - . -- - --- -- - ---·-·- -- -------··--------------- ------ -- ··-

From section 2-2 to section 3-3, the trough section is constant. Therefore, the area 
and velocity at 2-2 are the same as at 3-3. There is a friction loss between 2-2 and 3-3, 
which may be computed by Manning's formula, as equal to 

· n2V2L 
HL= Jt13 
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as 

. . 
where n is rugosity coefficient, whose value in a 
concrete trough may be taken as 0.016 and Lis the 

· length of channel = 103 m. 
Atea of trough section (A)= 15 x 1.6 = 24 sq. m 
Wetted perimeter = 15 + 2 x 1.6 = 18.2 m 

- ·····-· · · ' A 24 
· ·Hydraulic mean depth = R =: p = 

18
_
2 

= 1.32 m 

Velocity in trough 

· · n2 
• V2 · L - (0~016)2 x (l.67)2 x 103 

Head loss, HL =. R41~ . 413 0.051 m. 
- (1.32) 

R.L. of T.E.L. ;i.t 2-2 = R.L. of T.E.L. at 3-3 +Head loss in trough 

= 208.064+ 0.051=208.115 m. 
R..L. of water le_vel at 2-2 =208.115-0.142= 207.973m. 

R.L. of bed at 2-2 =207.973..::. i".6=206.373m. 
At Section 1.1 
Loss of head in contractfon transition from section 1-1 to section 2-2 may be taken 

[ V~ - Vf] [(l.67)2 
- (0.77)2

] · · ' =0.2 
28 

=0.2 ix
9

.
81 

=0.0224m;say0.022m. 

·R.L. of T.E.L. at 1-1 = R.L. of T.E.L. at 2-2 +Loss in contraction 

=208.115+ 0.022= 208.131ni 

R.L. of water surface at 1-1 

= 208.137-0.030= 208.107tn~ 
"' c'R.L:c·oI_ bed° at=l~'ffequifed to mairifai:ri'cori~farit ,depth.. . . .. . .... ······ 

= 208.107 - 1.6 = 206.507 ni. 
All these levels are plotted and snown in Fig. 14.25. 
Step 4. Design of Transitions 

· (a) Contraction Transition. Since depth is kept constant, the transition shall be 
designed on the basis of Mitra's'Hyperbolic transition equatiort, (14:2) given by 

B _ Bn ·Br ft~ _ . 
x- Bn · &-x(Bn-Bj) 

where B1= 15 m 

Bn=30m 

L1=I5m"'" 

Substituting, vie get 

6750 450 B = 30 x 15 x 15 · = 
x 30xl5-x(30-15) 450-15x 30-x 

For various values of x lymg between 0 to 15 m, various values of B:.. are worked 
out, as shown in Table 14.4. 'J?e distance xi~ is measured from the flumed section 2-2. 
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x 0 
in metres 

Table 14.4 

2 4 6 

745 

8 JO 12 14 15 

450 
B,=~ 15.o 16.04 11.2i 18.n 20.42 22.s .. 25.o 2s.1 3o.o. 
in metres 

Expansion Transition. In this case, we have 

B~=30m . .. 

B1= 15 m 
L1=22.5m 

B ·B ·Lr 
Bx= B L n (B B) i.e. Eq: (14.2) 

n' 1-X n- 'f. 

= 30x 15 x 22.5 =~ 
30 x 22.5-x (30-15) 45 -x 

For various values of xlyi11g between 0 to 22.5 m, corresponding values of Bx. are 
rked out, as shown in Table 14.5. The distance xis measured from the flumed section 

J, 
Table 14;5 

- x 0 2 4 6 8 10 12 14 . 16 18 20 22.5 
inmetres 

675 
B,= 45-x 15.0 15.7 116.46 / 17.3 18.25 19.3 20.4 21.75 23.3 25.0 27.0 30.0 
in metres 

--·-- -------- --- ----- --·-- --
Step 5. Design of Trough 

The trough shall be divided into three equal comp~tmeats, each 5 m wide, separated 
~..3 m thick partition walls (2 Nos.). The inspection road (5 m wide) shall be carried · 

·the extreme left compartment, as shown in Fig. 14.28. A free-board ·of 0~6 in above 
normal water depth of 1.6 mis sufficient, and hence, the bottom level of bridge slab 
i be kept at 1.6 + 0.6 = 2.2 m above the bed level of the trough. The height of the 
~gh will also be kept as equal to 2.2 :m. The entire trough ~ection can be designed as 

1nolithic reinforced concrete structure by the usual structural methods. The tentative 
knesses may pe used as follows : 
Outer walls = 0.4 m thick 

Bottom slab of trough= 0.4 m thick 

The intermediate walls_sh_aJI .b.e extende.dc..into.Jransitions,-sG--as-"t0-'-previae-the-· 
essary clear width of 15 m. · . 

Now, the overall ()Uter width of trough (including walls) 

= 15 + 2 x 0.3 + 2 x 0.4 
= 15 + 0.6 +0.8.=16.4m. ' 

Hence, the length of syphon barrel = 16.4 m 

Step 6.' Head Loss Through the Syphon Barrels . 
The head loss through the .syphon barrels is given by Unwin's form1da as equal to 
lecting vel. of approach) · /. 

/ 
. ·'1. 
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h =[I+ / 1 + h · ~] ~; i.e. Eq. (14.1) f 

-----------
where V = velocity through barrels = 2.05 m/sec 

Ji-= coefficient of loss of head· at entry, 

Substituting these valu~s, we get 

= 0.505 for unshaped mouth. 

/ 2 = a (I + * l where the values of a and b 

taken ~om table 14. l for cernen 
plastered barrels as 

a= 0.00316 
b= 0.030 
R = Hydraulic mean depth for barrel. 

- A 8 x 2.5 _ 20 O 
9 = p =_2 (8 + 2.5) = 21 = . 53 

L =Length of barrel= 16.4 m. 

[ 
0.030] 

!2=:=0.00316 1+0.953 _ =0.00326 

. . h = [ 1 + o.505 + 0.00326 (01.~5~ )] i~~~r1 = o~333 m 
High flood level of Drainage is given = 207 .0 m - -

:. d/s H.F.L. =207.0m 
Afflux (h) ='"0:333 fn. ----

u/s H.F.L. =dis H.F.L. + Afflux (6r loss of head) 

= 207.0+ 0.333 = 2o7.333m. 

Step 7. Uplift Pressure on Roof of barrels · 

R.L. of bottom of trough = R.L. of canal bed - Slab thickness 

= 206.4- 0.4 = 206.0 m 

Loss of head at entry of barrel = 0.505 ~; = 0.505 x i~~~rl = 0.108 m. · 

Uplift on the roof 
___ _ _ _ =:u/sH.F.L. - Loss at entry - Level of underside of roof slab 

_____ = 2o7.333=-o:1as -=20-ern--- ---- - ----~ 

= 1.225 m of ~~ter = 12.25 kN/m 2 (1.225 t/rn2) 
(Assuming unit wt. of water = 1 O kN/m3 or 1 U 

The concrete trough slab is 0.4 m thick and will thus exert a downward load 

0.4 x 24 = 0.96 kN/m2 (assuming unit wt. of concrete= 24 kN1 

: Strictly speaking, unit wt. of water= 9.81 kN/m3 ; -buf to ease in calculations we have taken unit 
water= IO kN/m3 (! t/m3

) and of concrete= 24 kN/m3
. 
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. The balance of the uplift pressure i.e. 12.25 - 9.6 = 2.65 kN/m2 has to be resisted 
by the reinforcement to be provided at the. top in the roof _slab. The roof slab has to be . 
designed for full canal water load (1.6 m of water) plus self weight, when the drainage 
water is low and not exerting any uplift. Suitable reinforcement at bottom of the slab 
IllaY be provided for this downward force, as worked out below : 

Step 8. Design of roof'-Of barrel 

Uplift to be balanced by top reinforcement = 2.65 kN/m2 
_ __ _ ____ _ 

Downward water load acting when there is no uplift-= 1.6 m of ~at~r,,; 16 kN/m 2 

Load due to self wt. of slab= 0.4 x 24 = 9.6 kN/m2 

Total downward load= 16 + 9.6= 25.6 kN/m~ 
An intermediate wall of 0.3 m thickness- has been provided in the trough,_ having 

clear span of 5 m, the effective span is, therefore, "'.' 5 + .0.3 = 5.3 m. 

Let us consider 1 m wide strip of slab. 

Maximum sagging bending _moment in slab._due to downward loads 

- 25·6 x (5 ·3)
2 

kN- ·- 71 7 kN- .. - 71.~7 1"5 N -
10 

. m :-. . . _m - . x u- . .cm 

Maximum Hogging momentdue.to residual uplift acting from below 

= 2·65 x <53>3 kN-m,,;. 7.42 kN-m =-~.,~2 x lff N.cm 
10 . · .. - ~'.~--

wl 25.6x 5.0 · ·- · 
Max. shear force = 2 = 

2 
kN = 64 kN. 

Using I : 2 : 4 cement concrete, we have . 
Effective depth (cf) of slab required --· 

~ IM ~1i.1x 1r:f :--
d=-\JQJ; = 87x 100 =28.Scm_ .. 

Provided overall thickness is 40 cm and thus provided effective depth 

d=37.5cm. 

Steel required at the bottom of the slab 

71.7xl0
5 

21 I th 
= i2000 x 0.87 x 37.5 cm m eng 

· (using red_µced stre~~j~_§!e~LaS:..12.QOO_NLcm-2) _ 
_ · ~"''--2"---'- -- , __________ ------- ------ . 

=18.3cm · · 

Provide 16 mm lj> bars @ 10 cm c/c in the bottom of the slab. 
' . 

Steel required at top 
1 5 

= 7.42 x 10 = .I.9 cm2 (Nominal) 
12000x 0.87 x 37.5 

1, Prov~de IC inm <!>bars @ 15 cm/cc. 

" "" '" ,_ 
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Also provide 10 mm <I> bars @ 20 cm clc as distribution rei~forcement both at to 
as well as at bottom, as shown in Fig. 14.26. ·' · p 

30cm 
Fillet bars Intermediate 

wall 
(Reinforcement 

not shown) 

'¢'10 mm @ 20 cm c/c 

¢10mm@15cm c/c 

1>10mm @20cm c/c 
r-:;;::::;;=~~~~t::;:::::;::::::;::::jT 

40cm 

l==~~~~===::::==t J_ 
c;t>16rnm bars @ 10cm c/c 

Fig. 14.26. Reinforcement in roof slab. 

Step 9. Uplift on the bottom floor of barrel 
(a) Static Head · 

R.L. of barrel floor = R.L. of trough bottom - Height of barrel -

- = 206.0- 2.5 = 203.5 m. 

Let us assume that a thickness of 0.8 m is 
provided. 

:. R.L. of bottom of floor 

= 203.5 - 0.8 = 202.7 rn 

Bed level of drain = 204.5 m. 

Conali 

--~30m----

Assuming that the water-table has gone - - - - f-:a- -----
upto bed level of drain, the static uplift on the 

15
m 

1 
floor (refor Fig. 14~18) 1; 

= 204.5 - 202.7 = 1.8 m of water I - ---- -
..--.c--+---+--'-l--1-----. 

(b) Seepage Head. The seepage head will 4m I 
be ma;:cimum when the canal is running full and 8m :2__ _ _ ___ c 
the drain is dry. j_ ____ 11=-l?f!l 

1·5 
Thus, the total seepage head = F.S.L. of T I 

canal - bed level of drain 8m 

= 208.0- 204.5 = 3.5 rn. ~ 
The residual seepage head at a point 'a' in T 

the centre of the first barrel (Fig. 14.27) has 
been calculated by Bligh's theory, as follows : 

- ---Assuming that the total length of drainage fk>or :::: 30 rn. 

Fig. 14.27 

~-·~--- -~ 

. The seepage line abc will traverse-creep-lengths as follows :-

End of 
pucco 
f !oor of 
drainage 

ab = Length of u/ s transition+ Half the barrel span = 15 + 4 = 19 m. 
be= 15 rn (Half of the total length of 30 m =assumed) 

Total creep length= 19 + 15 = 34 m._ 

Residual seepage head at b = 3.5 [ 1 - !! ] :::: 3.5 x ~~ = 1.55 m. 

Total uplift =Static head +Seepage head 

= 1.8 + 1.55 = 3.35 rn of water= 33.5 kN/m2 
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The provided 0.8 m thickness of slab will resist due to its own wt., an uplift 

= 0.8 x 24 = 19.2 kN/m 2. 

:. Balance to be resisted by reinforcement due to bending action 

;;,, 33.5 - 19.2 = 14.3 kNlm2
. 

749 

Suitable reinforcement for this uplift (i.e. 14.3 kNlm2
) has to be provided at the top 

of the culvert floor so as to counteract the bending action. 

Note. The length of the floor has been provided equal to 32 m, as shown in Fig. 
J4.28, on the following considerations. 

(i) Length of floor required under barrel 

(ii) Extra floor length required to 

accommodate pier noses on both sides = 2 x 1.0 

(iii) Horizontal length of dis ramp joining 

to bed level at a slope of 5 : 1 = 5 (204.5 - 203.5) 

= 16.4 m 

=2.0m 

=5.0m 

(iv) Width of d/s cut-off beyond ramp = 0.6 m 

(v) Length of extra floor provided on u/s side = 0.6 m 

/ Total length= 30.0 m 

Step 10. Design of cuto~ and protectici~ ~orks for the drainage floor 

/ [ ]1/3 
The depth of scour Cll) = 0.47 ~ . ; assuming!= 1.0 

. . R~=047(4i0J" =047 x"]65=359m 

Provide depth of cut-offs for scour hole of 1.5 R on both sides 

Depth of u/s cut off below H.F.L. 

=I.SR= 1.5 x 3.59 = 5.4 m 
R.L. of bottom of u/s cut-off= uls H.EL. - 5.4 m 

= 207.333- 5.4 = 201.933 m; say 201.93 m. 

R.L. of bottom of dis cut-off= dis H.F.L. - 5.4 

=207.0-5.4=201.6m 

Length of u/s protection (i.e. 40 cm thick brick pitching) 

=2 [R.L. of u/s bed ~ R_,J:..,. ofpQ_tto_!ll _of_u/scu~~off] _ . 

= 2 [203.50- 201.93] 

= 2 x 1.57 = 3.14 m ; say 3~2 m 

Similarly, length of dis brick pitching 

· = 2· [R.L. of .dis bed - R.L. of bottom of dis cutoff] 

= 2 [204.5 - 201.6] =.2 x 2.9 = 5.8 m 
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The pitchings may be supported by 0.4 m wide and 1 · m deep toe walls, as shown· 
in Fig. 14.28 .. 
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Example 14.3. Design a suitable cross drainage work, given the following data at 
the site of the crossing of two streams of waler: 

(a) Irrigation channel ·' 
Full supply discharge = 350, cumecs 

I 
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Full supply level 
Canal bed level 
Canal bed width 
Full supply depth 
Side slopes 

(-b) Natural Drainage : 

= 202.5 m. 
= 197.8 m. 
:.:: 35 m. 
= 4.7 m. 
=LH: JV 

2 

Drainage bed level = 203.9 m. 
High flood level = 205.2 m. 
Catchment area of drainage. up to crossing = 14.3 sq. km. 

751 

/ 

The Dicken' s formula may be use,d for computing H.F.Q: with its coefficient as 18 
!SI or MKS units). 

Solution. The high flood discharge of the drainage at the point of the crossing may 
obtained by using Dicken's formula, which states 

/. 

Q = C · A314 = 18 · (14.3)314 = 18x7.33=132cume~s: 
Since the bed level of drainage (203.9 m) is much above the canal FSL (202.5 m), 

i.e. by .about 1.4 m ; the canal water will be taken below the drainage. Hence, the 

1
cross-drainage work to be constructed at the crossing will be ·-a super-passage. The 

'ilesign of the super passage is to be done on the same lines as that of an aqueduct, and 
is given below : 

Step 1. Design of Canal Water-way 
The flow velotity in· the canal (as it is) 

Discharge Q 
Area (B + iY) y (using k H: 1 V) 

350 350 
I . - (35 + 0.5 x 4.7) 4.7 37:35 x 4.7 L99 m/sec. -

· This high velocity shows that the canal is already a lined canal, and much more 
I fluming can not be affected. Hence, the original bed width of 35 m can be continued as 

I
. rnnal barrels below the drainage trough, or slight fll.lming may be dol}e. Let us adopt a 
dear waterway of 30 m, in two spans, each of 15 m, with a central pier of width say 1.5 

J m, thus providing an overall linear waterway of 31.5 m between abutments, and this 
will be the length of drainage troughs. · 

Providing a splay Of 2 : _l in contraction (on u/s side), the length of contraction 
transition 

= 35 - 31.5 x 2 = 5 m 
2 

Providing a splay Qf ~ .'. 1 ir1d/s expa~sioI1, the_ l~~gth ~f expansion transition 

35-31.5 3· 75 --= x = . m . 2 . 
Length of flumed rectangular portion of canal will be equal to the width of the 

ilrainage .troughs, as worked out in the next step (i.e. 50.5 m). · 

·The piers, abutments, wing wans and return wans of the canal will be designed as 
I those of a bridge, tak~ng the load of drainage trough (includ~ng the load of water and 
1 Inspection road, etc.), instead of a bridge deck slab. / 

''··' 
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Step II. Design of Drainage Waterway 
Lacey's regime perimeter P = 4.75 {Q = 4.75 "1132 = 54.5 m. 

The total length of the waterway.provided is generally chosen equal to P, althouo 
· it can be slightly reduced to affect econo~y, ~ut too much contraction of the drainaon 

poses problems, and hence too much fluming is never done. ge 

U~r mrprovide 6 R.C.C. c·ompartments; each of clear width equal to 8.0 m 'h 
· .. . . , L U1 

~~ . 
Clear waterway = 8.0 ?< 6 = 48 m . 

. Using 5 partition walls of 0.3 m thick each, 

length occupied by walls = 5 x 0.3 = 1.5 m . 

:. Total length ofwaterway provided = 48 + 1.5 = 49.5 m; against P of 54.5 m 
(which is not too less as to cause troubles) 

The two side walls of the R.C.C. drainage trough may be kept 0.4 m thick each 
with 49.5 mas aggregate waterway between them. Thus, end to.end length of drainag~ 
trough= 49.5 + 0.8 = 50.5 m. · · 

Thus, the length of the rectangular portion of canal will· also be equal to 50.5 m. -

Since the drainage has also been slightly flumed and kept lesser than P, so let us 
design its contraction and expansion lengths. 

Assuming 2 : 1 convergence, we have the length of contraction transition 

= 54.5 - 49 .5 x 2 = 5 m 
. 2 . 

Assuming 3 : 1 splay in expansion, we have the length of expansion transition 

Canal 
w·in;· 

3Sm 

·Cana\ 

Canal wing 

= 54.5;49.5 x 3 =?.Sm 

Drainage 
wing. ·r-

,__ ___ 54·Sm ---------' 

Sm 

L t@raf1'ci~~' 
~~ . 

N orm.c! cGnal 
wfd1h = 35 m 

I--==--

Canel 
·wing 

0'.ainag S4-Sm-- · . ( 

ora·1nage· wing 

Fig. 14.29. Indicative Plan of the Super~passage Crossing in Example 14.3. 
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The wing walls will be constructed to reduce the drainage waterway width fronl f ( 

54.5 m to 49.5 m on upstream, and return walls will be constructed to expand th1: 
drainage waterway from 49.5 m to 54.5 m on downstream. These wings.will be exti.:::nde,i 
so as to enter the berms of the drain. , 

The length of the drainage pucca rectangular trough will be equal to 31.5 m (i.e
1 

I 

equal to the rectangular waterway of canal). A line plan of the crossing is shown in Fig; 
14.29. I · 

Step 3. Head Loss and Bed Levels at differe~t Sections along the length o
1 

dr.ainage trough. 
At section 4-4 (Refer Fig. 14:30) 

54·5m 

-Drainage 

2 

49·5m 

3 4 

j 

T 
54·5m 

j_ 

7-5-l .m ~Sm...,· -------31•5m _____ .....,,__ 
1 2 

2 03·965 
Rectan~ular portion 
of drainage trough P0388 . 

2 
L-5 EC TION 

3 

3 

205·38 

203·8'i 

3 

4 

4 

205·36 

205,2 

203·9 
(Given) 

i 
4 

Fig. i 4.30. Plan and L-section of Drainage trough carried over the canal: 

' 

~ 
I& 
§2 

I 
l.1 

,, 
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At section4-4, where the drainage returns to its normal section, we have the area 
the natural drainage section 

= width ("" perimeter) x Depth 

= 54.5 x (205.2- 203.9) = 54.5 x 1.3 = 70.85 m
2 

Velocity = V4 = ~ ~-'-;~~~~ ;;T86 m/se-c~; sayl:-9 m7sec; - -· 

. vi (1.9)2 , 
Velocity Head= 

2
g = 

2 
x 

9
_81 =0.16m 

R.L. of bed at 4-4 = 203.9 ni (given} 

R.L. of water surface at 4-4 
= 203.9 + 1.3 (as the normal ·depth in drainage= 1.3 m) 

=205.2m 

R.L. of TEL at 4-4 = 205.2+0.16= 205.36m 

At Section 3-3 (Refer Fig. 14.30) 
Keeping the same depth of 1.3 m throughout the drainage-;- we have at section 3~3. 

Clear waterway = 8 x 6 = 48 m 

Area of flow = 48 x 1.3 = 62.4 m2 

132 . 
Velocity = 

62
.4 =2.12m/sec. 

V I . H d (2· 12)
2 

0 23 eoc1ty ea =
2

x
9

_
81 

= . m. 

Assuming that the l(o~i ~f ~t)ad in expansion from section 3-3 to section 4-:4 is taken 

lS =0.3 -
2
--
g . - . . .... 

= 0.3 (0.23 - 0.16) = 0.3 x 0.07 = 0.021 m; say 0.02 m 

:. R.L. of TEL at 3-3 
= R.L. of TEL at section 4-4 + Loss in expansion 
= 205.36 + 0.02.= 205.3,8 m. 

:. R.L. of water surface at 3-3 
= RL of TEL at 3-3 - Velocity head -
= 205.38 - 0.23 = 205.15 m 

:; R.L. of bed at 3-3 = 205.15- 1.3 = 203.85 m 

At Section 2-2 
, !: From section 2-2 to 3-3; the trough section is constant. Therefore, area and velocity 

,,.,~ltf ":,~~-r'w~~~:.~r:~:!.13~':"i.i.7.~:~'i~":i~!F rr;ction)oss ~'''.'u" 2-2 

,,h:i · ;,. n ·V ·L. 
, · · Hi= 413 . , , R, . 

where n is the rugosity coefficient whose value in 
concrete trough may be taken as 0.016; 

and L is the length of trough = 31.5 m. 
The area of trough section (A) = 48 x 1.3 = 62.4 sq m 
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Wetted perimeter (P) = 48 + 2 x 1.3 = 50.6 m 

Hydraulic mean depth (R)= ~ = ~~:: = 1.23 m 

Velocity in trough 
Q 132 

= - = -- = 2.12 m/sec 
A . 62.4 · 

H -' (0.016)2 x (2.12)2 x 31.5 _ O 0275 . () 
03 . L - (l.

23
)413 . - . m , say . m 

R.L. of TEL at 2-2 = R.L. of TEL at 3-3" +Friction loss (HJ in trough 
= 205:38+ 0:03 = 205.41 m - - - ' ' ' -. -

R.L. of water surface at 2-2 

. = 205.41-.0.23 = 205.18 m 

:. R.L. of bed at 2-2 
=205.18m- l.3=203.88m 

At Section 1-1 . 

Loss of head in contraction transition from 1-1 to 2-2 

- · (v~..,, v7) · · 
= 0.2 . "'

2 
· = 0.2 [0.23-0.16] = 0.014 m; say 0.015 m 

~ g ' ' 
R.L. of TEL at 1-1 = R.L. of TEL at 2-2 +Loss in contraction 

, =205.41+0.015=205.425m 

R.L. of water surface at 1-1 = 205.425 - 0.16 = 205.265 m 

R.L. of bed at 1-1 = 205 265 - 1.3 = 203.965 m 

All these ~eo levels, FSL and TEL are plotted in Fig. 14.30. 

Step 4. ~esign of Tra11sitions for th~_P_r_ain_~ge ·, , 
I (a) Contraction Transition. Since the 

depth is kept constant, the transitions can be 
designed on the basis of Mitra's hyperbolic; 
transition equation given by eqn. (14.2) as: 

·.r· _____ 2:1 -- ---
-.:.r ... ·om-· 

'2 

I 
'T 

. _ Bn ·Be Lt 
Bx- L1Bn-x CBn ..:sf) 

- where B1= 49 .5 m 

·Bn=54.5m 

L/~5m. 

Dr~r :~ ____ 1· 
;=-:~ 
, 2 

Substituting, we get · Fig. 14.31 . 
-- ----------··----·- -

.··-Bx°= width at any dis~ance ~from the flumed section 2~2 

54.5 x 49.5 x 5 
= 5 ><; 54.5-:- :x (54.5 - 49 .5) 

2700 
- 54.5-x 

For various values of x lying between Oto 5 m, values of Bare worked out as shown 
in Table 14.6. . . ' 
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Table 14.6 

x 
0 1 

in metres 
2 3 4 5 

2700 
Bx= 54.5-x ·49~5--· -- ·so.5 , 

51:5 525 53.5 54.5 
in metres 

The contraction transition can be plotted with these values. 

Expansion Transition. In this case Bx= 54;5 m, B1 = 49 .5 m, L1= 7 .5 m. · 

Using Eq. (14.2), we get 

B = Bn ·Be Lr 
x Lr Bn - x (Bn - B1) 

154.5 x 49.5 x 7.5 
7 .5 x 54.5 - x (54.5 - 49 .5) 

4050 
81.7-x 

For various values of x lying qetween 0 
. to 7 .5 m, various values· of Bx are worked out 
\ty using the above equation, as shown in 

1\ble 14.7. 

Table 14.7 

I x 
0 2 

in metres 
-·-· - -,. , ' 

B = 4050 
x 81.7,,,,,x 49.5 

I 
50.7 

in metres 

3 r-x 4 

i-1 ;....=.:=..:. ---r-____ ,,, ____ ' 1 
49·5rn Bx 54·Sm 

1~_ --=t:!=======;:l 

4 

52.0 

I ---

... !•--7-sm ~ 
3 4 

, ' 
Fig. 14.32 

I 
' 

6 . 

53.3 

7.5 

54.5 

,Tne..exp4n:.= --..,~t:Um .G!lnbe plotted with these values. 

Step 5. Design of Drainage Trougli 

The RCC drainflge trough, as pofo.ted out earlier, has been divided into six com
partments of 8 m clear width each, and separated by intermediate walls (5 No.) each 0.3 
m thick (tentative thickness). The end walls of the trough have tentatively been kept as 
0.4 m wide each, as shown in Fig. 14.33. An inspection road rilay be carried on the top 

. qf the end compartment as shown. 

-'-'-·---~_;,fr~.~" board_gf 0 .6. m ii,QQY.§_.!b_~ nQrrn_itLW~J~r .. d~ptlu:i.f J. 3 .Jni.s .sJ~ffic.:i_e.nJ, __ l!nd _ 
hence, the bottom-level of bridge slab over the end compartment may be kept 
1.3 + 0.6 = 1.9 m above the bed level of trough (Different bed levels along the. length of 
trough are shown in Fig. 14.30.). The height of the trough walls will also be kept equal 
to 1.9 m. The entire trough section will be constructed in monolithic reinforced concrete, 
and can be designed by usual structural methods. The tentative thickness for the walls 
have already been assumed and should be verified. A detailed drawing for the crossing 
can _be prepared on the same lines on which the drawing 14.24 was prepared .. 
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Fig. 14.33. Section of Drainage Trough passing over the Canal 
(Levels of Trough bed and FSL at the start of rectangular portion of Trough are shown). 
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Example 14.4. Design a suitable cross drainage work, given the following data : 

(a) Irrigation channel 

F.S. Q. = 354 cumecs. 
Bed width = 24 m. 
FSL---'-----· ___:~- -= 207.60 m,-
C.B.L. = 201.4 m. 
Side slopes = LH : JV. 

2 

(b) Natural drainage 

H.F.Q. 
Drainage bed level· 
H.F.L. 

= 600 cumecs. 
= 203.6 ni. 
= 206.3 m. 

Solution. Since the bed of the natural di-ainage (203.6 m) is higher than the canal 
bed (201.4 m) by a SIJfficient margin of 2.2 m, we may think of taking the canal below 
the drainage. But since .the FSL of canal (207.6 m), is much above the drainage bed 

· ! (203.6 m), the simple super passage cannot be ptovioed. The canalwater will, therefore, 
have to be syphoned below the drainage. Since the discharge of the canal is low 

• '1· compared to that of the drainage, such a crossing will not prove uneconomical also. 
:: · Hence, a c.anal syphon will be designed as. belo.w : 

Step I. Design of Canal Waterway 
Let the velocity through the canal barrels be limited to 3 m/sec. 

.. 354 
:. Area of waterway of barrels required = T = 118 m2 

Let us provide 4 spans each having a clear waterway of 5.4 m, thus giving a clear 
1 
waterway of 4 x 5.4 = 21.6 m. Let R.C.C. piers (three No.) each of width 0.6 m are 

:pFovided; thus occupying a width3x 0.6=:1.8m. · 
. Total overall waterway provided between abutments 

~21.6+1.8 

1 

! . = 23.4 m; which is O.K., as it .is less than 24 m (i.e. the width of canal) 

:11 Assuming 0.3 m as the width of each beanng on abutments, the total length of 
I 'j'. drainage trough= 23.4 + 0.6 = 24 m. · . · · ·. 
11·' I 

Thus; the canal on the Ws and dis sides is joined to the barrels aggregate width of 
23.4 m by suitable transitions and approaches. 

. _ . . · Discharge 
The height of the barrel - V 1 . W "dth . . e oc1ty x . aterway w1 

- -- - -- - -- - - - 3 :;~_6 '5A1rn::-'--"---- ''----' -- --

\

J, 'r:I-
: 1

1 

,i
1 

So let us keep 5.5 m height of the barrels, thus maintaining an. actual velocity 

~
!I' 1 through them = 

5
· 

5
35

2
4

1
··/!: = 2.98 m/sec. 

I , . x .v 

j 1 Step 2. Design of Drainage Waterway 
: Lacey's regime perimeter =P=4.75{Q =4.75x.../600=116 m. 

I 
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Let us assume that the rectangular R.C.C. drainage trough is provided in. such • ; 

! 1i 

width that its perimeter becomes equal to that required by Lacey's equation, thus givin 
width of the' trough = 116 - 2 (2. 7) = 110.6 m ; say 111 m. 

Let us divide the drainage trough into 9 (compartments each of 12 rii width (clei 
width) with 0.4 m thick partition wa!Js (8 No.). Thus the overall width. of the troug .. 
provided will be equal to 9 x J2 + 8 x 0.4 = 108.0 + 3.2 = 111.2 m. Two end walls eac 
of 0.4 m thickness can be provided, thus giving the t_otal width of drainage trough en 
to end ::::: 112 m ; and this will be equal to _the length of the canal barrels. 

Step 3. Design of'Bed Levels alop:g the Drainage Trough 

Since the drainage wate~way ·has not bee~ flumed, the only loss of head in TE 
when the water flows in the trough is due to frictional loss. Assuming that the drainai 
levels (given) are on the :dis of the crossing. 

The bed level of drainage trough (d/s) = 203.6 m. 
. . . · .. 600 . 

Velocity m trough, V= 
7 

(l 5.
5 

x 2.
7
) = 2.05 m/sec: 

·. . n2 · V2 L 
Head loss due to friction (Hi)=. . 413 R· 

h R 
A 7 (15.5x 2.7). :

2 
O . 

w ere =-= · = . 
p, 7 (15.5 + 5.4) .... ·.·. 

2 2 .. 

H - (0.016) x (2.05) x 24 - 0 0102 
L- . 4/3 - . m. 

(2) 

Hence, the trough .should be given a slope (S0) [as to pass thy full drain~ge d 

charge] given by 

0.0102 _m loss in 24 m length 

1 m loss will occur in a length = 0.~:02 m = 2340 m. 

Hence, the slope required to be given to trough is 1 in :2340 ; and bed level at 1 

d/s of crossing= 203.6 m; and bed level at u/s of 'crossing= 203.61 m. 

Step 4. Design of Transitions 

As no fluming either of canal or of drainage has been done, the question 
designing transitions does not arise. The wing walls .and return walls shall, however, 

~~\;;:\ provided, as shown in the attached chart Fig. 14.36, after properly ensuring their str 
lru~s~cy. . . . 

Step 5. Design of Trough 

The trough shall be made of reinforced cement concrete and shall be designed 
. ·by the usual -sfrucforaT rnethods. A bridge for inspection can· he pr6Vided on one· ~~ 
~iAJ compartment, as shown in Fig. 14.36. The trough is divided into 9 compartments~ 
ea.& of 12 m clear width as already decided. The tentative ,thicknesses of partition walls~ 

f. . ..O· I} m) and end walls (0.4 m) have also been made: . 
· Step 6. Head Loss Trough Syphon Barrels 

The head loss trough syphon barrels is given by Eq. (14._l) as 

( 
L) v2 · · : 

h = 1 + f 1 + f2 • R 
2

g (neglecting velocity of approach) 
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whereV is.the velocity through the syphon barrels 

Substituting these values, we get 

. = 2 .. 98 .m/sec. · 
f 1 = coeff. o,f loss of head at entry 

= 0.505 for unshaped mouth 

fz"= a [ 1.+ *J where the values ofa and b are. 

taken from Table 14. l for cement 
. plastered barrels as 

· a= 0.00316 
b= 0.030 
R_;:: Hydraulic mean depth for .barrel 

=A= 5Ax5.5 =5.4x5.5= 1.36 m 
P 2 (5.4 + 5.5) 2L8 . 

L = Length of barrels = _ 112 m. 

[ 
0.030]. fz = 0.00316 I+ 1.

36 
= 0.00323 

. . h = [I + 0.505 + 0.00323 u.~~ )] ;:;~~21 = 0.855; say 0.86 m. 

, FSL of canal (given) = 207.6 m 
:. dis FSL = 207.6 m 
Afflux (Ii) = 0.86 m. 

\ 

u/s FSL =dis FSL + Afflux = 207.6 + 0.86 ::;:.208.46 m 
Step 7. Uplift Pressure on Roof of Barrels 
R.L. of bottom of trough 

= R.L. of drainage bed - Slab thickness 
= 203.6- 0.8 (assuming 0.8 m thick roof slab) 
=202.8m 

. . . ' V2 _,'· 0 505 x (2 98)2 
Loss of head at entry of barrel= 0.50_5 

2
g · 

2 
x 

9
.
8
·
1 

= 0.23 m 

Uplift on the roof= u/s. HFL - Loss at entry - Level .of under-side of roof slab 
. 1.1. = 208.46- 0.23 - 202.8 ' 

= 5.43 m of water head= 54.3 kN/m2
. 

::,,, ,.,'1,} .. - ·-· . - . ·- - !· . - - ·-· . . - - -- - -. - . .l 

r.1rrr11e-co-~cret~ trough slab is 0.8 m thick-a~d-~ill thus ex~rt -a -down;ard l~a'ct of .. 
!'. ~x24=19.2kN/m 2 . pi' 
1

' I• , , l,}ff 

The balance of the uplift pressure, i.e. 54.3 ~ 192 = 35.1 kN/m2 has t6'be.·resisted 
reinforcement to be provided at the top in the roof slab. The roof slab has to be 

i igned for full drainage water load (2.7 m of water) plus self-weight, when the canal 
, 'ler is low and not exerting any uplift~ Suitable reinforcement, may be provided for 
· · ;\downward force, as worked out below ;. 

. ' 
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Step 8. Design of roof barrel 

= 35.1 kN/In.2 ·Uplift to be balanced by top reinforcement 

Downward water load acting when there is no uplift 

Load due to self-weight of slab 

= 2.7 m of water= 27 kN/m2 

= 0.8 x 24 = 19.2 kN/m2 

Total downward load (when there is no uplift) = 27 + 19.2 = 46.2 kNim2 

Walls of 0.4 m thickness have been provided in the trough having clear span 'of 12 
m ; the effective span between any two walls is, therefore= 12 + 0.4 = 12.4 m • 

· Let us consider 1 m wide strip of slab ... 

Maximum sagging bending moment in slab due to downward loads (when there is 
00~~ ' . 

46.2 (12.4)
2 

[· wz2) · . " . · = . 
10 

kN.m. i_.e. W := 708 kN-m = 708 x 1(f N.cm 

Maximum hogging bending moment due to residual uplift acting from below 

= 35· f (1 2
.4)

2 
kN · m = 538 kN · m = 538 x 105 N ··cm 

10 ' 
wl 46.2 x 12.4 

Max: shear force = 2 = 
2 

kN = 287 kN 

Using 1 : 2 : 4 cement.concrete, we have 

Economical Effective depth (d) of slab required 

d=~='1~~8xxl~~ cm=90cm. 

Provided overall thickness is 80 cm and may be kept'the same. Thus. effective depth 
IJf~vided, d = 77 .5 cm. _ .. _ __ _ _____ _ ..,.-- __ _. __ 

Steel required at the bottom of the slab 
'. 708 x 105 . 

= 12000 x 0.87 x 77.5 cm
2
/m length 

(using reduced stress in steel as· 12000 kN/cm2
) 

= 87.8 cm2/rn length of slab. 
Provide 32 mm dia bars @ 9 cm c/c in the bottom of the slab. 

St~el required at top 
', .. · 538 x105 

= 66. 7 cm2 Im length of slab. 
1200 x 0.87 x 77.5 

Provide 32 mm dia bars @ 12 cm c/c. 

·-Also provide 0.15% of gross cross-sectionar area of conci-eieas distribution s.tee'i. 

:. Area of Dist. steel required 

_0.15x80xIOO 2 _ 12 2 
-:-: 

100 
.cm - cm 

:. Spacing of la ·mm <P bars required 

Area of one bar x 100 
= Area required 

./. 
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1.13 x 100 . , 
= 

12 
. = 9.4 cm; say 10 cm c/c 

Hence, use 12 mm,<!> bars @ 10 cm c/c as distribution steel, both at top as well as 
bottom., as-snownin:-Fig:-14.3-4: 

Wall 

Fiilet bars 12rnrn ¢ 
@ 12crn- cfc 
Dist bors12rnrn<t>@·10cm c/c _ __;T 

80cm 

~+=-========~~==~=======ti 
Dist. bars12mm </:> 

@10crn c/c 
R. L. 202- 8m 

Fig. 14.34. Reinforcement in roor slab. 

The partition walls will be designed as beams carrying the.bending load from the 
roof slab. 

Step 9. Uplift on the bottom floor of syphon barrels 

(a) Static Head 

R.L. of barrel floor = R.L.. bf trough bottom - Height of barrel 

·· = 202.8- 5.5 = 197.J m 

Let us assume that a thickness of 0.8 m is provided . 

. ~R..L.-of botfoi:ri-of floor= 197.3-0.8= 196.5 m 

Bed level of canal = 201.4 m 

Assuming that the water-table has gone upto bed level of the canal, the static uplift 
on the.floor (refer Fig. 14.18) 

= 201.4-196.5 = 4.9 m of water 
~------114m --------- End of Pucco 

floor of Canal 
barrel a 

15·6m 

---------------- 142·6 m 

Fig. 14.35 

----15-Sm 
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(b) Seepage Head. The seepage head will be maximum when the drain trough is 
running full and the canal barrels are dry. 

Thus, the total seepage head= H.F,L. of drain - Bed level of canal 

= 206.3 -201.4 = 4.9 m. -

The residual seepage head at a point 'a' in the centre of the first barrel (Fig. 14.35) 
has been calculated by Bligh's theorf as follows : 

Assuming that the total length of drainage fl_oor = 142.6 m 

The seepage line of drain water abc will traverse creep lengths=as follows : 

142.6 -
ab=5.4+0.6+2.7=8.7m; bc=~=71.3m 

Total creep length= 8.7 + 71.3 = 80 m 

Residual seepage head at b = 4.9 [ 1 - ~-~] = 4.9 x 
7~~3 = 4.37.m 

Total uplift =Static head +Seepage head= 4.9 + 4.37= 9.27 m= 92.7k:N/m2 

The provided 0.8 m thickness will resist due to its own weight, an uplift 

= 0.8 x 24 = 19.2 k:N/m2 

:, Balance to be resisted by reinforcement due to bending action 

= 92.7 - 19.2 = 73.5 kN/m2 
\ 

Max. hogging B.M. in bottom slab 

73.5 x (5.4 + 0.6)2 

= 
10 

. 264x 105 
2 2 

Steel requtred = 
12000 

x 8 ~7 x 77_
5 

cm Im length= 32.7 cm 1 

Use hmm<!> bars @ 24 cm c/c attop in the barrel floor (i.e. bottom floor). 12 mm 
<I> bars @ 10 cm c/c both ways at bottom, and one way also at top, may be provided as 
distribution bars. · · 

or 

The hydraulic dimensions and detailings ate shown in attached chart Fig. 14.36. 

Step 10. Design of Cutoff's and protection works for tlie canal floor 

Lacey's nonnal depthofscou' ~ R ~ 047 (~r ; ossumingf: I. . ... 
113 - ·----·- - ·-- --·----··-·- ·---

(
354\ 

R = 0.47 x -
1
-) = 7 m below FSL _ 

Provide depth of_ '<Ut offs for scour holes of 1.5 R on both sides 

l.5R =.1.5 x 7 = 10.5 m belowFSL 

:. RL of bottom of u/s cutoff= 208.46 - 10.5 = 197.96 m 

R.L. of bottom of dis cut-off= 207.6- 10.5 = 197.1 m 
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Length of u/s pitching·= 2 [R.L. ofu/s bed- R.L. of bottom ofu/s cut-off] 

= 2 (201.4- 197.96]= 2 x 3.44 = 6.88 m; say 6.9m 
Similarly, length of d/s brick pitching 

_ ____ ___ = 2 [R.L. of d/s bed - R.L. of bottom of dis cut off] 
--. --~-;f[2ol.4~1~iY.-n;;2x4J= s-.6m. 

The pitchings may be supported by toe walls, 0.4 m 'wide and 1 m deep, as shown 
in chart Fig. 14.36. 

Example 14.5. Suggest suitable cross-drainage works at IbefoUo_wirig crossings : 

(a) Irrigation channel Natural Drainage 

Discharge = 350 cumecs 
Bed width = 28 m 
FSD = 6.2 m 
FSL = 204.3 m 
CBL = 198.1 m 

Natural ground level = 179.3 

(b) Irrigation channel 

Full supply discharge = 350 cumecs 

Bed width = 24 m 
FSD = 6.2 m 
FSL = 215.6 m 
CBL = 209.4 m 
Canal bed slope= 1 in 10,000. 

HFQ = 4300 cumecs 
Drainage bell [eve l = 194. 9 m 
HFL = 198.5 m 

Natural Drainage 

H.F. Q. = 390 cumecs 
Drainage bed level = 207.4 m 
HFL = 209.3 m 
Drainage bed slope = 1 in 500 

Springing level = 207.6 m 

Solution. (a) In this case, the canal bed level (198.1 m) is higher than the drainage 
bed level (194.9) by 3.2 n1: and~ tlierefOre;we may think of taking the canal above-the 
drainage. Further,, drainage FSL (198.5 m) is above the canal bed (198.1 m), we will 
have to syphon the drainage water ; and thus a syphon aqueduct can be constructed a:t · 
the site. However, since syphoning of drainage may not prove economical, and on the 
other hand, the canal bed may be raised slightly so as to pass drainage water freely below 
the canal trough (as the difference in CBL and drainage HFL is quite small i.e. 0.3 m). 
In that case, the minimum canal bed level to be kept at the crossing will be equal to 

:;=Drainage HFL +thickness of canal trough slab+ Min. free-board 
= 198.5 + 0.6+ 0.9 = 200m. 

Therefore, bed of canal trough will have to be raised by an amount equal to 
· 200 - 198.1 = 1.9 mat the site of the crossing. Hence, hump is provided along the length 
·-of trc.mgh Withil-at-u/s-sfope ancl dis slope to join to the natural canal bed levels_.011_J:>_Qth 

sides. The crossing will then be designed as an Aqueduct. The design procedure as used 
in example 14.1 can be adopted. 

' . "'Although the canal is evidently, a pitched canal as the velocity (i.e. 30.~~ 6.
2 

1.89 m/sec}s 

high, still these pitching lengths which would be necessary to be prope~y maintained for the safety of 
the structure have beeri worked out. Moreover, due to pitched canal, the scouring tendencies etc. will be 
less, however, for safety and conservative design purposes, the various data have been worked out 
assuming that in a worst case, the pitching of_ canal may get broken. 
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(b) In this case, the canal bed level (209.4 m) is higher than the drainage bed level 
(207.4 m) by about 2 m; so we may think of taking the canal above the. drainage. Further, 
the drainage HFL (209.3 m) is below the canal bed level (209.4 m) by only 0.1 m ; 
which is less than the free-board and slab thickness, hence, the drainage will have to be 
syphoned below the canal. The other possibility of raising the canal bed is not being 
adopted here, as the drainage is not too large in comparison with canal discharge. 

The work-will, therefore, be designed as a syphon aqueduct, and design procedure 
adopted as in example 14.2. 

14.6. Provision of Joints and Water Bars in R.C.C. Ducts of Aqueducts and, 
Super Passages 

R.C.C. box troughs (or ducts) carry water in aqueducts and super-passages, as 
explained in the previous articles. The box trough will span across the drain or the canal, 
rested at suitable intervals (spans) on piers or abutments. The construction of such 
R.C.C. troughs will involve various types of joints, such as construction joints, expan
sion joints, etc. Water wiff leak through these joints, unless proper arrangements are 
made to prevent such leakages. Water bars or water-stops are provided to stop such 
leakages through the joints. The water bars may be made of metals like copper sheets 
or galvanised iron sheets, or of rubbers (natural as well as synthetic), or of P.V.C., etc. 

14.6.1. Types of Joints in R.C.C. Constructions. The various types of joints that 
may be involved in R.C.C. constructions can be divided into the following types : 

(1) Movement joints including the : 

(i) Contraction joints, (ii) Expansion joints, and (iii) Sliding joints ; and 

. (2) Construction joints. 
These joints are discussed below : 

1 (i). Contraction joints. It is a movement joint with a deliberate discontinuity but 
noc-initial gap.between the c01:1crete on either side of the joint, thejoint being intended 
to accommodate contraction of concrete. (See Fig. 14.37). 

Discontinuity in 
.concrete but no 
initial gap 

Water bar 

\_;;;~tn :;~LY?;:: 
!_{1t: ... ~· ·-~~P~::· ~f.::< .: .~.'.:~· ~._:·_~:=-::·;~ 

Discontinuity 
• iJl s_teel 

Jo'int sealing Strip 
compound painting 

t?:~.:.·(~/:t;~ ::_:;,g:~~::::'.~:;/:'.-
·.1::-_-::._:~;.:_::t>.:::~=-"-· :::. ~ .. ·:i~·;·-.~·-~:; ~ 
.~/:~·:~~--=-""--:/ :s~~::: ~~·"':·.-.··..:·.· .. ;:~~ 

Continuity 
O'rscontinuity in steel 
in concrete but 
no .1.rirtiaLgop. •-

(a) Complete contraction joint (b) Partial confraction joint 
Fig. 14.37. Typical contraction joints. 

A distinction should also be made between a complete contraction joint (See Fig 
14.37 a) in wi1ich both concrete and reinforcing steel are interrupted ; and a partial 
contraction joint (See Fig. 14.37 b) in which only the concrete is interrupted, the 
reinforcing steel running through. 
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l(ii). Expansion joints, Amovementjoint with Wat,zr bor;-"'I r lnifoi· gap 

complete discontinuity in both reinforcement and 0~:;:~-: ·:.a._;,\\'.':'-; ... ·.o - ... -,,. ··: 'c7') 

Pc~:~;~~e,0~n ;0~~~:~~~~ t~f a1~o~o~ate ~~her ;x- . ~-._:A-;:·:--~ :: :~ \·~: , ..... ·.r.~,: ... "~.-.· .. ; ~.;-_ •. ·:·.::_··:.-.--.. ···.~_ ... ···:.:-.-.:.-'.··:_,·~."'::-_ ... ~ .. 

1

·,::
1
,1 

14:;8) is knew~ as an-expans~o~.J~~n~r~-~-_:_e_ 
1

_~· __ .~~i,~:i~~~-~·-;~-.. ~~·:··"",;:c' ~-•: "_ ~ _ 

In general, such a joint requires th,~ provision :,",:,;.,::.\·.e_';~;_.-:: ··:_·:_6:~·:·~ 6~ 

Discontinuity in 
both concrete 
and stEfer - --

joint filler 
of an initial gap be.tween the adjoining parts of a 
structure, which by closing or opening, accom
modate.s the expansion or-.contraction of the struc
ture. Desig~1 of the joint as to incorporate sliding 
surfaces is not, however, precluded and may some
times be advantageous. · 

Fig. 14:38. A typical Expansion joint. 

l(iii). Sliding joints. A movemen'tjoint with com
plete discontinuity in both reinforcement and concrete 
at which special provision is made to facilitate relative Joint sea ling 

movement in place of the joint is known as a sliding- compound 
joint. A typical application is in between a wall and a . .. ~-·>~: ~':,; ··;:" 
floor in same cylindrical tank designs (See Fig. 14.39) ·'.;·::.":·:-~ ::·/ ~-~·/?/~1 

. - - •• ' •• '"'•.... -· l .... ·" , : ... 

(2) Construction joints. A joii;it in the concrete ""'·""· .... ~~:·/<>~"· .. ~. ':'. 

intro_duc~d for convenienc:,e in constructi~m at which :~~f0°;ee~;;; 1;~bnJer Pad 
special measures are taken to achieve subsequent con- . . . . . . 
tinuity withoutprovision for furthe.r relative'movement Fig. 14.39. A typical shdtngJOtnt, 

is called a construction joint. A typical application is b;tween successive lifts in pouring 
concreJe_ in walls of a reservoir or a box trough. (See Fig. 14.40). 

· .The position and arrangement _ _ __ ~ )%l·l PcepO'ed 
ofalfthe COnStrUction']ointS Should-. '. ._ • :· ~~-:: :·: [:~; -- Joint S\Jrfoce- - -

be predetermined by the design en: D ·, · " • ·~, LJ 
;~~=~r ~o C~'::.:t~~;a~~; ::~~~~ :~ .\. ~:'.iJ~;_.:_•.~.--: .. _"·;.:_.;--~11 •• :~:_:""._;·: coot;,,.,,, 
such joints, and to keeping them 1 

.. '~ - . of steel 
::o. 

free from possibility of percola- fl ·/'.:,o_;~ :'::: 
tioris in a similar manner for as for . . . . .. 
contraction joints. water bars may . . Fig. 14.40. A typical construction JOtnt. . 

h 
., b .d d . h ' (Prov1S1on of water bar may also be made not shown nere) 

t ere1ore, e prov1 e m t e con-
struction joints also, as is done in contraction joints (Fig. 14.37). 

14.6.2. Spacing of Joints in R.C.C~ Structures. Unless alternative effective 
means--are.taken_to_ay_o_icL_crnc:\<.s.J:iy allowing for the additional .stresses that may be 
induced by temperature or shrinkage changes '6rl:iy-unequai-'-set1lei:nent, movement joints 
should be provided. at the following spacings : 

(i) In reinforced concrete floors, movement joints should be spaced at not more 
than 7.5 m apart in two directions at right angles. The wall and floor joint 
should be in line, except where sliding joints occur at the base of the wall, in 
which case correspondence is not s.o important. 

(ii) For floors with only nominal percentage of reinforcement" (smaller than the 
minimum specified), the concrete ffoor should be cast in panels with sides not 
more than 4.5 m. · . 
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(iii) In concrete walls, the vertical movement joints should·. normally be placed at 
a maximum spacing of7.5 min reinforced walls and 6 min unreinforced walls. 
The maximum length desirable between vertical movement joints will depend 
upon the tensile strength of the walls, and may· be increased by suitable 
reinforcement. Thu.s when a sliding layer is placed at the foundation of a wall, 
,t.he length of wall that can be kept free of cracks depends upon the capacity 
of wall section to resist the friction induced at the plane of sliding. Ap
proximately, the wall has to stand the effect of a force at the plane of sliding 
equal to weight of half the length of wall multiplied by the coefficient of 
friction. 

(iv) Amongst the movement joints in floors and walls as mentioned above,.expan
sion joints should normally be provided at a spacing of not more than 30 m 
between successive expansion joints or between the end of the structure and 
the next expansion joint, all other joints being of the contraction type. 

(v) When, how~ver, the temperature changes to be accommodated are abnorma~ 
or occur more frequently than usual as in the case of storage of warm liquids 
or in uninsulated roof slabs, a smaller spacing than 30 m should be adopted, 
(that is a greater proportion of the movement joints should be of the expansion. 
type). When the range of temperature is small, for example, in certain covered 
structures, or where restraint is small, for example, in certain elevated struc
tures, none of the moveme.nt joints provided in small structures upto 45 m 
length need be of the expansion type. Where slidfog joints are provided be
tween the walls and either the floor or roof, the provision of movement joints 
in each element can be considered independently. 

14.6.3. Width of Gap in Expansion Joint. An expansion joint requires the 
pro,;ision of an initial gap between the concrete faces on the two sides of the joint. The 
initial width of this gap should be sufficient to accommodate freely the maximum 
expansion of the structure. 

In determining this initial width, consideration should be.giveri to the requirements 
of the jointing materials. These will normally require the maintenance of certain mini
mum width of gap during maximum _expansion of the structure. The joint should also 
be suitably ~reated-as to maintfiln-Wat_er-tightness during movement of the joint. 

14.6.4. -Jointing Materials. Jointing materials may be classified as follows : 

· (i) joint fillers ; 

(ii) Water bars and joint cover plates; and 

(iii) Joint sealing compounds (including primers where required) 

They are discussed below : 

___ (i}_Jojg.t{ill~._rs._JojnJ-fIUers _iife_ U5_1Jally c;ompressible s!J.~~!~! ,~!t:~}J_tpaterials used 
as spacers. They are fixed to the face: of the first placed concrete and against which the 
second placed concrete is cast. With an initial gap of about 30 mm, the maximum 
expansion a.r contraction that the filler materials may allow may be of the order of 10 
mm. 

Joint fillers, as at present available, can not by themselves function as watertight 
expansion joints. They may be used as support for an effective joint sealing compound_ 
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in floor and floor joints. But they can only be relied upon as spacers to provide the gap 
in an expansion joint, the gap l;ieing bridged by a water bar (See Fig. 14.42). 

(ii) Water bars. Water bars or water stops are the preformed strips of impermeable 
materials which are embedded in concrete during construction, so as to span across the 

---~---Joint, as -t<) provide a permanent water tight seal during -the whole range of joint 
movement. 

The water bars are usually made of metal sheets like copper, galvanised iron etc. ; 
or may be made of rubber (natura,l or synthetic) ; or of plastics like P. V.C. (Polyvinyl 
chloride): Metal bars can be used in water conveyance structures. or dams, where the 
foundations are not expected to yield appreciably ; otherwise they will snap-.-Annealed 
copper is the most common metal used for water stops, in thickness not less than 1.5 
mm; but it is likely to become brittle in course of time and may then crack. Mone/ metal 
is considered more durable though sometimes 20 gauge galvanised iron or steel strips 
are also used. 

The most usual shape of mP-t:>J bars is in the form of strips with central longitudinal 
corrugation, to obtain a V, U or M shape. The total width of the water bar may range 
from 150 mm to 300 mm. For box aqueducts etc., 180 to 225 mm wide water bar may 
suffice; while for dams, 300 mm wide bars may be preferred. Rubber water bars are, 
however, preferred to metal bars for their economy, and suitability to some what yielding 
foundations. Metal and rubber water bars are invariably used in ducts of aqueducts and 
super-passages in expansion joints; PVC water bars, on the other hand, are, usually 
adopted in contraction and. construction joints. 

Typical use of various types of water bars in contraction or construction joints are · 
shown in Fig. 14.41 (a) to (d); whereas Fig. 14.42 (a) to (g) shows the use of various 
type of water bars in expansion joints. 

Metallic _ 
water bar 

Joint sealing 
compound 

(a) metal water bar with central corrugation 

Joint' sealing 
compound 

Two coat 
strip painting 

PVC Water bar 

(b) PVC water bar 

Moulded 
water bar 

~)metal water bar with two coat strip painting (cl) moulded water bar 

Fig. 14.41. Typical details showing use of water bars surrounded 
with joint sealing material in Contraction Joints. 
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Metallic 
water bar 

Joint 
sealing 
compound 

Metaliic 
water bar Joint sealrng 

compound 

Joint Filler 

(a) 
Joint filler 

(b) 

Copper Joint 

Joint Filler 

C.J. Clamping 
plate cover plate Plastic 

Rubber 
water bar 

Lead 
caulking 

(c) 

Sheet lead joint 
cover plate 

'P9int Joint 
filler 

C.I. Plate cast 
into concrete 

Joint filler 

Joint sealing 
compound 

(d) 

(e) (f) 

Jo.int searing 
----- -- ------- ---- - -----·--- ---- '---·<:0m~-01;111'EI--- - - __ , ___ ---- ----- --

(g) 
Fig. 14.42. Typical details showing use of various types of water bars 

· and jointing materials in Expansion joints. 

pointing 

769 

Most Commonly used dimensions & shapes of metal water stops .(Z-shape and 
V-shape), rubber water stop (dumb well with central bulb type shape) for expansion 
joints; and of PVC water stop for construction joints of aqueducts and super-passages, 
are shown in Fig 14.43 (a) to (d). 
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,,.,,. 

--i~m 
--- _...,_ ...,{ __ 

L f--1ocm~ 
200 mm wide I 
metal bar ------I 

(a) 200 mm wide Z-shape metal water stop 
for expansion joii:lts - -

'k-1ocr:n ----i---2-cl~ :m _j 
I/ 200mrn wide __J 

JI" ·. rubber stop 

'·,\ 

(c) 200 mm wtde dumb well with central bulb 
type rubber water stop for expansion joints 

!--1ocm~. . 7.5
1
crn · . ~ 1 -

' ~ L 200mmWide~ 
metal bar 

(b) 200 mm wide V-shape metal water stop 
for expansion join.!s~-- __ 

2·5cm cf> 

•••••• 0 •••••• 
i------150mm wide----~ 

(d) 150 mm wide PVC water stop serrated 
with central bulb for construction joints. 

Fig.)4.43. Dimensions and shapes of commonly used water bars 
, for ducts of Aquedu~ts and-Super-passages. 

With all water bars, it is important to ensure proper compaction of the concrete. 
The bar should have such shape and width that the water path through the concrete 
round the bar should not be unduly short. -

The holes sonietl:rii.escprovided on"lhe-wings of c.epper wat~_r bars to_ incr~_ase bond, 
shorten the water path -and may be disadvantageous. The water bar should either be 
placed centrally in the thickness of the wall ;.or its distance from either face of the wall 
_should not be less than half the width of the bar. The full concrete cover to all reinfor
cement should be maintained. 

The strip water bars at present available in the newer materials need to be passed 
through the end shutter of the first-placed concrete. It can be appreciated, however, that the 
use of the newer materials make possible a variety of shap«_S or sections. Some of these 
designs, for example, those with several projections (see Fig. 14.4ld), would not need to be 
passed through the end shutter and by oc;cupying a bigger proportion of the thickness of the 

. joint, would also lengthen the shortest alternative water path through the concrete. 
(ii b) Joint Cover Plates. Joint cover plates are sometimes used in expansion joints 

· tb-avotdtheriskofafault-.in-an...emb_e_d_dedwate~,par. The CC?Ver plate may be of copper 
or sheet lead. If copper cover plate is used, it should be Clampei:rto fue·coricrete face 
.on each side of the joint using suitable gaskets to ensure water tightness (see Fig. 
· 14.42d). If sheet lead is used, the edges may return into gro9ves formed in the concrete 
and'be made completely watertight by lead caulking (see Fig'. 14.42 e). Faces of the 
'concrete to which sheet lead is to be fixed should be painted with bituminous or other 
suitable cornpositiGJl.-; and the lead sheet shoul{l be similarly coated before fixing. 

(iii) Joint Sealing Compounds. Joint sealing compounds are impermeable ductile 
·materials whi:::h are required to provide a watertight seal by adhesion to the concrete 
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throughout the range of joint movement. The commonly used materials are based on 
asphalt, bitumen, or coal tar piich with or without fillers, such as limestone or slate dust, 
asbestos fibre, chopped hemp, rubber or other suitable material. These are usually 
applied after construction or just before the reservoir is put into service by pouring in 
the hot or cold state, by trowelling or gunning or as performed strips ironed into position. 
They may also be applied during construction, such as by packing round the corrugation 
of a water bar. A primer is often used to assist adhesion and some local drying of the 
concrete surface with the help of a blow lamp is advisable. The length of the shortest 
water path through the concrete should be extended by suitably painting the surface of 
the concrete on either side of the join·t. 

The main difficulties experienced with this class of material are in obtaining per
manent adhesion to the concrete during movement of the joint, whilst at the same time 
ensuring that the material does not slump or is not extruded from the joint. 

In floor joints, the sealing compound is usually applied in a chase formed in the 
surface of the concrete along the line of the joint (see Fig. 14.42c ). The actual minimum 
width will depend on the known characteristics of the material. 'In the case of an 
expansion joint, the lower part of the joint is occupied by a joint filler (see Fig. 1_4.42.f). 
This type of joint is generally quite successful, since retention of th~ material is assisted 
by gravity and, in many cases, sealing can be delayed until just before the reservoir is 
put into service so that the amount of joint opening subsequently to be accommodated 
is quite small. The chase should not be too narrow or too deep to hinder complete filling 
and the length of the shortest water path through the concrete should be extended by 
suitably painting the surface of the concrete on either side of the joint. Here again a 
wider joint demands a smaller percentage distortion irt the material. 

An arrangement incorporating a cover slab, similar to that shown in Fig. 14.42 g, 
may be advantageous in reducing dependence on the adhesion of the sealing compound 
in direct tension. 

Use of sealing compounds for vertical joints is not very successful. A stepped-joint 
instead of a straight through-joint with a water bar incorporated in the joint and sealing 
compound packed round the corrugation of the water bar would be much more successful. 

Complete typical details of a 30 mm wide expansion joint adopted in the construction 
of an Aqueduct are shown in Fig. 14.44, where two water stops (225 mm wide rubber 

B'1tuminous joint filler 
Type: ShaiHex Jbint filler 

Water face 

lmprecneable joint sealing compound 
like Techasea! RDL-940 or RDL-941 
(Polysulphide sealant) manufactured 
by Chockesy Chemicals P lid,Mumbai 

. 300 mm i;Wde V shaped 
1--~.i.....~~~-"---.:::ll::==r.,...,,..~--'1--~~~~-.copper .... L J,~::..~. 

· Thrckness ot •-.....l'"-'-,._ _ _.~~-1---,._ .... ...,...,.~ 
bottom slab 
or wall of 
the RC C 
aqurz duct 

I 
j_L--~~~~~---

25 to 30mm wide 225 mm wide ·. / 

expansion joint rubber water stop 

\ . 
I' 

Fig. 14.44. Details of typical Expansion joint in the base slab and walls of R.c.c: d~ct or tr<!ugh. 
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water stop and 300 mm wide V-shaped copper water stop) were used to ensure complete 
water-tightness. 

1. (a) What is meant by a "Cross-Drainage Works" ? Explain as to why such works are not met 
within a ridge canal system. (Madras University, 1973) 

(b) Write short notes on.: 

(i) Syphon 

(ii) Super passage 

(iii) Syphon aqueduct. 

2. Write short notes on : 

(i) Aqueduct 

(ii) Syphon aqueduct 

(iii) Canal syphon 

(iv) Level crossing. 

(Madras Universixy, 1973) 

(Madras University, 1972) 

3. Design and give a dimensional sketch of an aqueduct to carry water of an earth canal over a 
drainage with the following data : 

RL of bed of drainage = 520.00 m 

HFL of drainage 

Bed width of drainage 
=523.00m 

=50.00m 

Side slopes of drainage at crossing = ~ : 1 

R.L of ground · = 525.00 m 

R.L of bed of canal 
Discharge of canal 
Depth of wateriD-canar

Bed width of canal 

=524.50m 
=30cumeq 

-=l./Om 
=22.0m. 

4. (a) Name the different types of cross drainage works. Explain how you would avoid one type of 
cross drainage work and prefer to adopt another type by simply changing the alignment of the canal taking 
off from a head-work. (Engg. Services, 1974) 

(b) Under what conditions of drainage and canal crossings are syphons provided ? Draw a plan and 
section through a typical branch canal syphon, and suggest a method for reducing uplift on the floor of 
the work. · 

5. (a) What are the different types of cross drainage works that. are necessary on a canal alignment? 
State briefly the conditions under which each one is used. (Madras University. 1974) 

(b) Discuss with neat sketches, the three different types of aqueducts which can possibly be 
constructed depending upon the size of the drainage to be passed below the canal. Also discuss the factors 
governing the choice of any of these three types of aqueducts . 

. · 6;-show byTough:·sketcbes-the-typecof-crnss ·drainage.workcsuitable.for_each Q( tl:g~_fo}Jg_wiJ:!.g_.:c:.ases: . 

(a) Drain Canal 

Discharge in cumecs 200 20 

BL 25.00 m 30.00 m 
FSL 

HFL 

31.50 m 

28.00 m 
[Ans. Aqueduct. of Fig. 14.3 is recommended] 
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CROSS DRAINAGE WORKS 

(b) 
Discharge in cumecs 
BL 
FSL 
HFL 

Drain 

2 cumecs 
52.2m 

53.2m 

Canal 

400 cumecs 
48.00 m 
53.00 m 

773 

[Ans. Syphon of fig. 14.7 is recommended) 
(Madras University, 1976) 

7. Discuss the various types of cross drainage works used in canal systems. What considerations 
govern the selection of the different types of works, mainly depending upon the levels of the canal and 
the drainage. Illustrate by drawing·a neat sketch of each type of structure. 

8. Give neat sketch of suitable designs of aqueducts for each of the following cr?ssings : 

(a) A major canal over a small drainage. [Ans. Aqueduct of type !, Fig. 14. I OJ 
(b) A canal carrying low discharge over a large drainage. [Ans. Aqueduct of Type II. Fig. 14.J 1) 
(c) A major canal over a large drainage. [Ans. Aqueduct of Type III, Fig. 14. I 2) 
Explain in detail the method of design of fluming required in the crossing at (c) above. 

9. (a) State under what circumstances you will recommend the use of the following cross drainage 
structures : · 

(i) Syphon 
(ii) Inlet 

(iii) Aqueduct 

(b) Following data were collected from a syphon aqueduct: 

Diameter of the barrel (single) = 3 rn 

Length of the barrel = 90 m 
Discharge through the barrel = 25 cumecs 
Friction factor (in Darcy-Weisbach formula) =0.013 
Coefficient-of bend Joss (2 bends) = 0. JO 
Coefficient of head loss in expansion at outlet = 0.20 
Coefficient· of head Joss in· contraction aHii1et = 0: JO.· 

Determine afflux. Neglect velocity head in drainage channel. 

[Solution: 

Total head loss= h = 0.10 (~;)+ 2 x 0.10 (~;]+ 0.2 (i;J+r~~~2 
entry loss +bend loss outlet friction 

expansion 
loss 

= 0.5 v2 + 0.013::.: 90 v2 = 0.89 v2 
2g 3 2g 2g 

Velocity in the barrel=~=~ mlsec. = 3.52 rnlsec. 
~x(3)2 

.. . 4-- __ ,,_,__ - - -

- ' (3.52l -h- 0.89 x 
2 

x 
9
.Sl - 0.57 m. Ans.] 

loss in 
pipe 

(AMIE. 1970) 

10. (a) What are cross-drainage works ? \\That is the necessity of such a work in a canal project, 
and how does this necessity is fulfilled by such works ? r; 

(b) Enumerate the different methods which may be used for designing the canal transitions for a 
flumed canal, and the conditions under which each can be used. Describe in details a method of designing 
canal transitions when water depth may or. may not remain constant. 

11. (a) What is meant by cross drainage works and what is their importance in a canal project ? 
I· 

I 'II 

Ii 

[, ,, 
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(b) Describe briefly the step by step procedure that you will adopt for designing an unflumed syphon 
aqueduct. 

12. Design a syphon aqueduct with the following data : 
For Canal 

Discharge 

Bed width 
F.S. depth 

R.L. of bed 
For Drainage 

High flood discharge 
HFL 

=56 cumecs 
------~-----·-

=.32 m 
= 1.98 m 
=267.00m 

=425cumecs 
=268.20m 

General bed level of low water cross-section .. = 265.50 m 
General ground level = 267. 20 m 

13. Design a suitable cross drainage work, if the crossing in problem 12 above is shifted upstream 
along the drainage so that the HFL is 269.55 m, the bed level .of the drainage ·is 267 .00 m, and general 
ground level is 269.05 m. The canal data remaining the same. .. ·· ·-

-- - -~------: _______ --

J 




