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- Cross Drainage Works— —— =

14.1. Introductidn

A cross drainage work is a 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 unaveidablé. In order
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before the watershed is
réached, 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
€15 €y, €35 €4, eic. 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 crosses 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 1t crosses below the junction of two
drains.

14.2. Types of Cross-drainage works .
The drainage water intercepting the canal can be disposed of in either of the
following ways :

(1) By passing the canal over the drainage. This may be accomplished either through
() an aqueduct; or through a (i) syphon-aqueduct. :
_(2)_By_passing_the_canal below. the-drainage. This may be-accomplished either
through (i) a super-passage; or through a (if) canal syphon generally called a syphon.
(3) By passing the drain through the canal, so that the canal water dand drainage
water are allowed to intermingle with each other. This may be accomplished through (v)
a level crossing; or 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 syphon aqueduct
(Line Plan of Crossing).

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

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 aqueduct barrels under syphonic action,
the structure is known as Syphon Aqueduct (See Fi ig. 14.4). '
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Fxg 14.4. Typical cross-section of a Syphon Aqueduct.

In this type of works, the canal water is taken across the drainage in a trough

_supported ‘on piers. An inspection road.is generally provided alongwith the trough, as_

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 bed 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 avallable between the
bed level of canal and that of torrent in this case. :
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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 1o
-~ the pucca floor either by a vertical drop (when drop is of the order of 1 m) or by a glacis of 3
: T (when drop is more). The downstream rising slope should not be steeper than 5 : 1.
———- . In this type of cross-drainage works (i.e. when the canal is taken over the drainage),
the canal remains open to inspection throughout, and the damage caused by floods are
rare. However, during heavy fioods, 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 | Fig. 14.6. Typical cross-section of a
- Superpassage or in a Syphon. Superpassage. .
(Line Plan of Crossing)

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 Superpassage (Fig. 14.6 ). However, .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 works, the inspection road
cannot be provided along ' '

) ’ U/S FSL OF
the canal and a separate [y .
bridge is required for the
road-way. For affecting
economy, the canal may be
flumed, but the drainage
trough is never flumed.

== In..the case.of a . ..
syphon, the canal bed is
depressed and a ramp is

prqvi_'ded 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.

" “Fig. 147 Typical cross-section of a Canal Syphon =~
(generally called a2 Syphon).
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cally the same as is provided on a y
canal headworks. This arrangement DRAINAGE - .
is generally provided when a huge Fig. 14.8. Typical layout of a Level Crossing.

sized canal crosses a large torrent

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 canal 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 crosses the canal with its bed level equal to or slightly
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 INLET
the same. There may be one outlet for two
orthree inlets.:The outlet.is-generally 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

OUT LET
—£S CAPED-WATER
TAKEN TO NEAR
BY DRAINAGE
THROUGH. LEAD
CHANNEL

—>DRAIN—B |-

TVNV) --—

Fig. 14.9. Inlet and outlet (Plan).

* When floods are intermittent and not continuous.



724 IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES

water into the canal. The bed and sides of the canal are also pitched for a certain distance
upstreamn and downstream of the inlet. Similarly the outler 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; ~—- -~ - SR

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 discharge 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 aqueduct 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.
" (#ii) Position of watertable and availability of dewatering 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 dramage 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 favourablé for the construction
of a syphon-aqueduct, the canal alignment may be changed so that the crossing is shifted

-to-the--downstream-where-drainage-bed:is low: and. thus- sufficient. headway._becomes

available for constructing an aqueduct in place of syphon aqueduct. The canal alignment
is, therefore, finalised only after ﬁnalising the cross drainage works.

Compared to an aqueduct, a superpassage is inferior and should be avoided when-
ever p0531ble Similarly, a syphon- aqueduct (unless large drop in drainage bed is re-
quired) is superior to a syphon. A level 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 L 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
canal but also the earthen banks of the canal with adequate slopes (Fig. 14.10).

1-5

1 FSL _
EARTHEN SN===—=:/"EARTHEN
BANKS| CANALZ/" "BANKS
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Fig. 14.10. Aqueduct (Type I)
Type IL In this type, the

canal continues in its earthen RETAINING
. . WALL

section over the drainage, but

the outer slopes of canal banks

are replaced by retaining
walls, thereby, reducing the

by that much extent (Fig. Fig. 14.11. Aqueduct (Type D)

14.11).
. INSPECTION
Type IIL In this type, earthen sec- ROAD - £l
tion of the canal is discontinued and the —
TCANAL--

canal water is carried in a masonry or a
concrete trough. The canal is generally HEL
flumed in this case, so as to effect —T——= =

economy in construction. =T
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aqueduct is maximum in Type I and ~WIDTH OF AG.UEDUCT
minimum in Type III. An intermediate OR CULVERT LENGTH

value exists in Type II. " Fig. 14.12. Aqueduct (Type III)

Selection of the Suitable Type. 772 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 maximusii. This typeis;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 fo the size of the canal. On a very small drain, type Il is most economical;
while on a very wide drainage, type I is most economical. Type 11 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 following 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 same lines 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. Determmatlon of Maximum Flood Discharge. The hlwh ﬂood dlscharve
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-
Agqueducts. An approximate value of required waterway for the drain may be obtamed

by usmg the Lacey’s equation, given by

P=475 .40

- where P = is the watted perimeter in metres
g= Total discharge in cumecs.

For wide drains, the wetted perimeter may be approximately taken equal 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 P, 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 glven by Lacey’s regime perimetér, 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 number of bays (spans). ‘

.Size of the Barrels. After having fixed the waterway width & number of compart-

" “ments (bays), the helght of the drain barfels ha§ to be fixed. In 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 aqueducts 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 3 m/sec. The
waterway area is then divided by the decided watérway width of the drain openings, t0
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 hlgher amount of afflux on the upstream side of the syphon
or syphon-aqueduct, -and thus, requiring higher and longer marginal- banks. e

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

= 2 VZ . '
1+f1+f2 L\ Y. _Za ’ ‘ .(14.1)
R|2g 2¢g :

where L = Length of the barrel.
" R = Hydraulic mean radius. of the barrel
V= Velocity of flow through the barrel. .
V,= Vzlocity of approach and is often
neglected.
J1 = Coefficient of head loss at entry -
= (0.505 for unshaped mouthi
= 0.08 for bell mouth.
Jf>=1s a coefficient such that the loss of head
through the barrel due to surface friction
is.given by

) .
e é ;/g’ where f; is glven as

h=a 1+% ! .(14.2)

where the values of a'and b for
different materials may be taken
; as given in Table 14.1.
" Table 14.1 s

Material of the surface of barrel a' b
" Smooth iron pipe ' 0.00497 . 0.025
* Encrusted pipe ' 0.00996 . 0.025
- Smooth cement plaster . - e 0.00316 el e 2 0.030
 Ashlar or brick work 000401 ~ 0.070
Rubble masonry or stone pitching 0.00507 0250 -

*The total head loss consists of three losses, i.e.
v 2 LV2 ’ 2

Entry loss =f] % (ii) Friction loss =%, (iit) Exit loss = ~2‘{§
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After having fixed the velocity (V) through the barrels, the head (k) required to
- generate that much velocity can be found by using the equation (14.1).

The d/s HFL of the drain remains unchanged by the construction ‘of works, and thus
the u/s HFL can be obtained by adding & to the d/s HFL. The u/s HFL, therefore, gets
---headed up by an-amount equal to h-and is known as-affiux. 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 d/s 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 keepmg the inside surface of the barrels as
smooth as possible. : ‘

14.5.4. Fluming of the Canal. The contraction in the-waterway-of the canal (je.
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 not flumed
in works of Type I and Type II. However, fluming is oenerally done in all the works of
Type IIL

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 work. The extent of fluming is further -
governed by the economy and permissxble loss of head. The greater is the fluming, the
greater is the length of transition wings upstream as well as downstream. 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 balarce has to be worked out for any proposed
design.

After deciding the normal canal sectioh and the flumed canal section, the transit_ion
has to be designed sc 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 lo (ie.2:1 Splay) and the d/s cjr departure

~ wings should not be steePer7thgh_;1_§»%?;‘;(zire: 3:1 splay) Generally, the normal earthen

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
widilt in cases where a channel encounters a reach of rocky terrain and has to be flumed
to curtail rock 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 reasons,
no appreciable economy may be obtained by increasing the depth.
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The following methods may be used for designing the channel transmons
() Mitra’s method of design of transitions’(When water depth remains constant).
(i7) Chaturvedi’s method of design of transitions (when water depth remains con-
stant). . -

(iiiy Hind’s method of design of transitions (when water depth may or may not

vary).

() Mitra’s Hyperbolic Transition when water depth remains constant. Shri
A.C. Mitra, Chief Engineer, U.P. Iirigation Deptt. (Retd.), has proposed a hyperbolic
transition for the design of channel transitions. According to him, the channel width at_ -
any section X—X, at a distance x from the flumed section (Fig. 14.13) is glven by

B _’ B, - Bf Lf 14 3)
where. B, = Bed width of the normal channel section.
By= Bed width of the flumed channel section.
B,=Bed width at any distance x from the
flumed section.
Ly=Length of transition.

Derivation of equation (14.3) 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 EXPANSION
TRASITION TRANSITION
S 3 0§ .
/_.'.2._ FLUMED P ORTION RERR .
21 DRAIN | s
- 22-5- RN | B ‘
o | :
us |} ' b, ors_
B-,,‘-_-NORMALL_.L = Bf=FLUMED WIDTH
‘WIDTH © -
l 30 | 1 S
N |, DRAI DEPRARTUR
———'APPROACH b WIN
1; WINGS 3‘6 (PLAN) 3|v2/ 4
Z ! v2
V12 S F/ 29 __TEL __ _L)ng__ Y5/
'Z_“»F\ wWSL P K 2
g T
4" . <) %
= v BED LINE 1‘\__.__-————""""'"'_
R T = {1=SEL TIQ;\) . Ioiiei i mer s ie somioivmomoc Toesiivene fooet
Fig. 14.13 '

the transition length Thus, if V,, I’}and Ve reprcsem velocmes at the correspondmg« -

sections, we have
Vf- VX = Vf‘Vﬂ -..(i)
x lf .
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Now, since depth y is assumed to bc constant and the total discharge -Q is alsg
constant, we have
Velocnyx Area = Discharge
V,«nyVByVBnyQ

(assuming rectangular section throughout),
T _?.. ‘/f Bf— Vx Bx— Vn Bh ‘ - S C s R

=%=ponstanf=K (say)A |
% ‘ ‘
or Ve=—". N -
B o T
-k S
e Vo=—
] B,
K !
=3, |
Substituting these values in equation (i) we get
K K| |[K_K| ‘
Bf B.\_|B; B,
x. Lf
B,-B B,-B
or i At M |
B B,-x" LB B _ |
or B, L;B;-B,~L; B} -B,=B,BB, x—B}B, - x
or By Ly By B,~B, BB, x+B} B, -x=L; B} B,
or B, By[L; B,~By-x+By x|=L; B} B
o B.[L; B,~x(B, Bf)] =L; BB,
or

B.= lf BB
* |LpB,~x (B - By
This is the requlred equanon (14.3).

* (it) Chaturvedi’s Semi-Cubical Parabolic Transmon when water depth remains
* constant. Prof. R.S. Chaturvedi, Head of Civil Engmeenng Deptt. in Roorkee Univer-

..(14.3)

_sity (Retd.), on the basis of his own experiments, had in 1963, proposed the. following .

equation for the de51gn of channel transitions when water depth remains constant.

: 32
B3/2 B \
S X= Bz/z 33/2 l:l (BxJ :!

———-Choosing various corivenient-values-of-B; ;- the-cortesponding distance x can be computed
easily from the above equation. | '

(iit) 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.

" InFig. 14.13, the contraction transition (i.e. the approach transition) starts at section
1-1 and finishes at section 2-2. The flumed section continues from section 2-2 to section

.-(14.4)

3-3. The expansion transition stafts at section 3-3 and finishes at section 4-4. From _ .




A
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section 4-4 onwards, the channel flows in its normal cross- sectlon and the conditions at

. this section are completely known. Let Vandy with appropriate subscripts tefer to

velocities and depths at different sections.
The FSL at section 4-4 = Bed level at section 4-4 +y, = (known)
\. VZ
. 'TEL at section 4-4 =FSL atsection 44 + 2—; = (known)

Between section 3-3 and 4- 4 there is an energy loss in the expansion, which is

----- 17

, Vi-V3
. TEL at section 3-3 =TEL at section 4—4 (known) + 0.3 (_sag_i}

As the trough dimensions at section 3-3 are known, Vi is also‘kn'own, and hence,

TEL at section 3-3 can be computed, Knowing TEL at 3-3 ; FSL at 3-3 can be calculated .

V2
by subtracting — 2% from TEL. Slmllarly, bed level at 3-3 can ,also be computed by

S

substracting y3 from FSL at 3-3.

Between sections 2-2'and 3- 3, the charinel ﬂoWs in a trough of constant cross-sec-
tion. The only loss in the trough (&) is the fnctlon loss whlch can be computed with

Manning’s formula Le., :
Q__ A R2/3 SI/ZJ

- H,
or Q=%A-R2/3-'\,TL

o e B ‘:7 e . »Q“’h .L‘—
v)"-'or . HL AZ R4/ 3
Adding this head loss- HL to TEL of sectlon 3-3, the TEL at section 2- 2 is obtained. The

12
FSL at section 2-2 can then be obtained by subtractmg - from TEL of 2-2. Similarly, the

.bed level at section 2- 2 can be easily obtained by further substracting y, 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, there is a loss-of energy due to contraction. This loss

V — ‘/72 .

is generally taken as equal to 0.2 -—Zg——

Thus the TEL at seétlon 1 1

2 2

. - ,VZ - VI ’
= TEL atsection 2-2+0.2 5 = (known).

Knowing TEL at section 1-1, FSL at 1-1 can be obtained by subtracting —2— from TEL
at 1-1. Slmllarly, bed level at 1-1. can be obtamed by subtracting y; from FSL at 1 1.°

V2

2 . N



732 -, - IRRIGATIONENGINEERINGANDHYDRAULIC STRUCTURES

The bed level, FSL and TEL havmg been determined at all the four sections, the

-total -energy line may be drawn by assuming it to be a straight line between adjacent

sections. The bed line may-also be drawn strzught between adjacent sections, provided,
the rise or fall in bed is;small. The corners should, however, be rounded off in this case.

“"However, if the- change in-bed levelis-considerable, the bed line in the transition section

should be drawn as'a smooth reverse curve, tangenual to the bed lines at ends.
Water surface zn

Transition : In the con- ! GRIGIN 0 F ' .
traction transition be- - papagoLAT - - R
. . 0 - - - - P - -
tween section 1-1 to 2-2, V1IT . I >
“ there will be a drop in - | - C1USI;\7E( _ Yy o
‘water surface due to the . [
drop in energy line and 2nd g
also due to the increased | % ’ CURVE  [” ‘L
- velocity head at 2-2. This 7 WATER - Ly
drop in water surface has | sl </ SUREACE | Z
. I — 2 1‘1- - - 2
to be negotiated by a , L=LENGTH OF ‘
smooth curve tangential , TRANSITION ‘ SE CTION 2-2
at both ends. This can be | SECTION14 lcentre Lne sETwEEN
easily accomplished by vy ‘ . T1AND 22

N

using two parabolic cur-

X . - Fig. 14,14, Water Surface proﬁle for Transmon Contracuon
ves meeting tangentially

* at the centre of the transition, as shown in Fig. 14.14.

Let 2X, = L = The length in which fluming has been done.
2Y; = Total difference in water levels between section 1-1 .and 2- 2.
The distance of the middle point of transition will be Xl and drop in water surface

-~ will be ¥,. The equanon of the first parabohc curve, with origin at water surface of
“section 1-1 {i.e. O) is given by

A Y=C-X*
when v Y= Yl, and X Xl
. . Yl )
= 3(? ’ :
Therefore, the equatiqn of parabola becomes ‘
- Y=l§%—] X2 ¢ (145
Using the above equation, the first parabolic curve can be easily plotted. Sumlarly,

the second parabolic curve can be > plotted | by ‘taking the origin at 0, on section 2-%.
The water surface'in the expansion transition between sections 3-3 and 4-4 can also

" be plotted in a similar fashion, 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 the water surface profile over the entlre length, the velocity
head say (h,) can be found by measuring the vertical distance between TEL and water

- surface line at any point. The velocity- head can then be converted into equlvalem

velocity by using V=<2g -'h,. Hence, the velocity at each point can be known. The




the roof of the culvert is subjected to ' %- ————
the dead weight and the vertical load of 1 _‘V‘IXEE’J ' Eé ALD'_ 1
water from the top, as shown in Fig.© - - FFy =i =g =
14.15. ~ US HF L
Since in an aqueduct, there is no _—E;"_ﬁ_:. ORAIN -
-uplift from the underside acting on the —=——=p—= -

"is running full) by either providing'a - = -~ - : e
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cross-sectional area requxred to pass the given discharge at each point can be found by

dividing discharge by velocity at that point (z.e. A =%

In trapezoxdal channe] of water depth y, the bed wxdth B, and side slopes 5: 1'; area
is given by .

A=BD+s-y* . ’ ..(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 interpolated in proportion to.
the length of transition undergone Thus at any pomt A,yand s are known and hence
the value of B can be worked out at this pt. by using the equation (14.6). The width of
the canal at various points in the transition can thus be determmed Hence, all the
dlmensmns of the transition are fully found out. ' :

14 5.5. Design of Pucca Canal Trough. The canal trough is des1gned as follows

For an Aqueduct. In case of an

FSL OF CANAL © =72
aqueduct, the bottom of the canal ie. ‘/ Lo '

bottom of canal bed, the canal bottom.
has to be designed for taking the dead
weight and full water load (when canal o F1g 14 1 5

thickness sufficient to take this much of load merely by grav1ty or by prov1d1ng a-
remforced concrete slab with reinforcement at its bottom. '

The side walls of the canal are to be de51gned as retaining walls. They may be made o
of masonry or R.C.C. It is preferable to have an entire R.C.C. section. The retaining.
walls will be designed to carry the entire horizontal force exerted by the canal water
and shall ‘therefore, carry reinforcement on the water face.

For'an Aqueduct Syphon. In case of an aqueduct syphon, besides the vertlcal 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 canal should now be designed

. to withstand these two forces independently. Although these two forces act in a opposi-
__tion-to_each other buf still;under the worst circumstances, there may\be times when only

one of them may be acting. For example, when dramage is flowing at its maximum high =
flood level, canal may be empty. Similarly, there may not be any drainage ‘water
touchmg the slab when the canal may be running fuil. Hence, the slab should be designed

for :
* (i) full water load and dead weight, with no uplift
(i) full-uplift with no water load.




~“water load and the remaihing Uplift ig™= =" = =" i
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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. .

- ———LOSS AT-ENTRY.

0-505V2
WIS HF 29 | R
e A -:, EXITLOSS %
Ry &
- AFFLUX ITE \jHILQNE :
' L Dr D/S HELy ~ oo
MAX™ e L
YPLRT 00F OF CULVERT
ROOFTOF LY —= DRAIN
DRATN BOTTOM SLAB
OF CULVERT
e O e E ‘PSS o T
DEPRESSED FLOGR. o
 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 the 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 uphft merely. be
gravity, it is sometimes found that the slab thickness required is less than what is
required for the first condition (i.¢. when de51gned for full water load). But many a times,
the thickness required for balancing uplift may exceed the thickness requiréd for balanc-
ing the water load. In that case, it is generally not adv1sable to increase the thickness
« .because any increase in thickness will ) . EXPANSION -JOINT
result in- lowering the levels of both . { :
the roof of the culvert as well as the {Q - NA : 2
" bottom slab of culvert. This, in tqrn z i
will increase the uplift on the roof
slab as well as on the bottom slab of
culvert. Hence, in such a case, the
thickness of the roof slab is generally
- provided from the considerations of

A
L4

)

— BEARING PAD

ANCHOR
= BARS

resisted by bending by providing top %8 et

reinforcement in the roof slab. In such. [~ MASONRY
a case, the roof will have to be . '

_anchored to the bottom slab through
piers by steel bolts, etc. so as to provide necessary end reactions for upward bending.
A typical anchoring arrangement is shown in Flg 14.17. A better alternatzve may be to

provide full fledged R.C.C. box culvert.

Fig. 14.17. Typical details of anchoring.
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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 to water-table. This force acts where the bottom floor is depressed

below the drainage bed, especially in syphon aqueducts

The maximum uplift
under the worst condition ORAINAGE - posS|TION OF

would occur when there is no - CcC WATER TABLE\_
water flowing in the drain and NI Y P o

=

the watertable has risen upto” AN Y v v 1 VAL
the drainage bed. The maxi- | IEERGRHAN 28 51 1 ) R S
mum net uplift in such a case A MU‘;‘,XU"‘:%T/ OURPDLILJEE

would be equal to the dif- S : Fig. 1418

" 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 full and there is no water in

_ the drain. The computatxons of this uplift, exerted by the water seeping from the canal

on the bottom floor, is very complex 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
assessmg the seepage pressures. But, for the larger works, the uplift pressures must be

: checked by model studies.

J '
CANAL The seepage pressure can be
) U/S END OF PUCCA . 15 o P
* . FLOOR OF GANAL . eva]uate'd by Bligh’s theory
a_a TROUGH - - . - as explained below :

"The seepage flow occurs:
* from the beginning of pucca

P _‘i;q ¥ d] canal trough'(point a) and

Rt E& ¢::::;L___,L__' © | osenpor - Teappears in the drainage bed
o!;Lg::N ool —;'— C PUCSQ :Ihoon . on either side of the imper--
\| ouverr Se==pe v . . vious floor along th«::_ centre

of the floor of the first cul-

— vert bay (say point ¢ or point
PRAINAGE d) in Fig. 14.19. Point b is
the point under the centre of

~ the floor of the first culvert
Fig. 14.19 T bay.

The seepage path-from a to b and from & to ¢ can be known: The total & creeplength— -

* will then be equal to = ab + be. If H is the total seepage head (i.e. H=FSL of canal — d/s
. bed level of drain), the residual head at the point b (i.e., H}) is then’ g1ven by Bligh’s

- theory as equal to P
Hy=H- _H x ab
b= ab + bc :

or Hb_[ab+bc*bc] | _ . ....(14.7)
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The floor of the syphon- aqueduct must be designed for the total uphftlwhxch is equal
‘to the sum of the uplift due to seepage plus the uphft due to static head. The total uplift

- may-be partly resisted by the wt. of the floor and partly by bending in reinforcement.

Methods _of reducing uplift on the floor. The uplift on the bottom ﬂoor may be
reduced in two ways (—

(i) By extendmg the impervious canal trough on either side of the dramage SO as
to increase the creep length ab. A puddle apron may be used in place of
concrete floor, if clay is easily available.

(if) By providing drainage holes in the culvert ﬂoor 50 as 10 release the uphft If
such relief holes are provided in the bottom floor ; an inverted filter, should
also be prov1déd below the floor. The inverted filter would help in preventing
the soil particles from getting out of the holes. The performance of such holes
may Hot prove.very successful 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 failure of 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 :
({) Canal Wings or Land Wings.
(i) Drainage Wings or Water Wings. .
({) Canal wings or Land wings. These wings provide a strong connectlon 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 canal. The foundations of these wings should not be left on

fllled earth. They should be taker 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 walls should
be taken below the deepest anticipated scour in the river. The sections of these wing

~ walls should be capable of withstanding the maximum dlfferentlal earth pressure likely

to 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.

De51gn Examples

. the crossing of a canal and a dramage

Canal - » » .
Full supply discharge ‘ - =32 cumecs
. Full supply level =RL 2135
N Canal bed level ' =R.L.212.0m.
Canal bed width . =20.

N

Trapezoidal canal sectionwith 11 H: 1'V slopes.
Canal wa/ter\depth . ‘ =15m.

SN
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Drainage :
High flood aischarge =.300 cumecs.
High flood level =210.0m.
High flood depth _. . =25m.
General ground level . =212.5m.

"~ Solation. 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
(ie. 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 economy, the
canal shall be flumed.

Step 1. Design of Dramage Waterway
Lacey’s regime penmeter =P=475 \/_
where Q = High flood dxscharge of dram
= 300 cumecs (given) -

. P=475-V300 = 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§x9=72m. »
Using 7 piers of 1.5 each, length occupied by piers =7 x 1.5=10.5m.
Total length of waterway =72+ 10.5=82.5m
Step 2. Design of Canal Waterway
Bed width of canal =20.0m.
Let the width be flumed to 10.0 m.
) Providing a splay of 2 : 1 in contraction, the length of contraction transition

=210, -10.0m
”Prov1d1ng a splay of3:1in expansion, the length of expansmn transmon
/S e 2 — 10 3 15m

Length of the flumed rectangular portion of the canal between abutments = 82 5 m
(provided).

In transitions, the side slopes of the canal section will be warped in plan from the
original slope of 15 1 to vertical.

Step 3. Head loss and bed ,le);els at different sections. (Fig. 14.20).
At Section 4-4

At section 4-4, where the canal returns to its normal sectlon we. have
Area of trapezoidal c¢anal section -

=(B+1.5)y
=(20+1.5%1.5)1.5=22.5x 1.5=33.75 m’
oo (9 32
Velocity = V= 4153375 =0.947 m/sec
_Vi_ (09477 _
Veloc1ty head = 22 2x9.81 0.046m

R.L. of bed at 4-4 = 212.0m (given)
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PLAN

o

CANAL
2om |

I

] . .
. o+ .
1 . . .
! 213.718 I; | € . . - ' ¢

TEL I : .
L‘-*--..g,.__._. 213.681 1213602 ‘ { 213.546 .
273_—___4___‘: T __’;_____—-—4 213
672 s

4
‘ ' , 213.449 FS.L | 213370
S R i
! I - 2120m
j 2122 | 211.949 T 21870 4 (Given]
1 P 3 '
2 L-Section

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=213.5m

RE-of TEL at4:4=213.5+0.046 =213.546m . ...

" The known condition of 4-4 shall now be. utilised for finding the bed levels etc. at
3.3 ‘ ' : RN R

At Section 3-3
Keeping the same depth of 1. 5 m throughout the channel we have at section 3 3

‘Bed wxdth =10m .
Area of channel =10x1.5= 15 sqm

. .,Veloc1ty= V3 = 2 =213 m/sec :

15
Vi (2.13) : .
VPJOCIW head _2,g m 0 232 m .::.',::_;;_‘_ Lllrmiriis s lniiil oL e
‘Aséuming that the loss of head in'expansion from section 3-3 to section 4-4 is taken =
=0.3 ViVil
. ST 28 )
- =0.3[0.232-0.046]

=0.3%0.186=0.0558 m ; say-0.056 m-
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RL.of TEL. at section 3-3 = RL. of T.EL. at 4-4 + Loss in expansion

735

=213.546+0.056 =213.602 m
- R.L. of water surface at 3-3 = R.L. of T.E.L. at 3-3 — Velocity Head

=213.602-0.232=213.370m
RL of bed at 3.3

=213.370-1.5=211.87 m
At Sectlon 2.2

--From section 2-2 to-3-3, the trough section is constant. Therefore, area and veloc1ty"
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:aula as equal to

HL=

H, =

n

2, V2L
R4/3

where nis rugosity coefficient whosé value in con-
crete trough may be taken as 0.016; and L is the
length of trough = 82.5 m.

Area of trough section (4)=10Xx 1.5=15sqm
Wetted perimeter (P = 10 +2x1.5=13m

Hydraulic mean depth (R) === % =1.16m
Velocity in trough = % = % =2.13 m/sec

(0.016)% x (2.13)>x 82.5

=0.0787 m; say0079m , )
RL ofTEL at22 RL.of TEL. at 3- 3+Frlct10n lossmtrouah

=213. 602+OO79 213. 681m

R.L. of water surface at 2-2 _
=213.681-0.232=213. 449m

RL. of bed at 2-2

=213, 449— 1. 5 211. 949m
At Section 1-1

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

| vi-vi)
o —O.Z[T

(2.13)* - (0.947)2]»

: 0-2[

2x9.81

=0.2[0.232- 0046]—0037m‘

RL of TEL. at 1-1 =R.L. ofTEL at22+L0ss1ncontract10n ‘

=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
- RL. of bed at 1-1
=213.672-15= 212 172m
All the bed levels, F.S.L. and TEL. are plotted in F1g 14.20.
Step 4. Desggn of Transitions , ;

(a) Contraction Transition. Since the depth is kept con- _ . 2
stant the transition can be designed on the basis of Mitra’s . F_. s » i
Hyperbolic transition equation (14.2) given as : N ' Sl

' B, B ' '~ -Canal .
B,= Ly 20m o
LfB —x (B;— By ‘ : 3
where B;=10m . . : == \
. - B,=20m : : -—-1om—J S
. ) v ) ,Lf= 10m e 1 . 2

Substituting we get B ; * Fig. 14.21

20x10x 10 __ 2,000 ‘

*~10x20-x (20— 10) 200 10x
For various values of x lying between 0 to 10 m, varlous values of B, are worked

out, as shown below in Table 14.2. The dxstance Xx1s measured from ﬂumed section Le.
2-2, as shown in Fig. 14, 21

Table 142
X in metres 0 Sl o2 T 4 6 T g 10|
2,000 . , : .
By= " 200 10x. in metres 10.0 11.11 12.5 14.29 1667 1 200

The contraction transition can be plottecf with these values.
" Expansion Transition. In thls case B,=20 m,

B;=10m,and L;=15m. . IR T
Using Eqn. (14.2), we get : 3 o= T
B, = B, By Ly . Canal 1—Ofr;
Lf -X (B Bf) . . _L v 20m,
20x 10x 15 __ 3,000 3
T 15x20-x(20—-10)  300— 10x" ‘
For various values of x lying between 0 to 15 m, ‘ 15m ——il’
~ various values of B, are worked out by using the F" 1422 ‘
~“above equation; ds shown”m‘Table—14 3. LS
Table 14.3
X o | 2 4 | s s | 10| 12 | 1l s
in metres ~ . ‘ 7 . . -
pL_3.000 . T
*= 300 10x 109 | 1071 | 1154 .| 12.5 | 1364 | 150 | 1667 | 1875 | 20.0
" in metres | . T :

The expansion transiti.c;ﬁ can be easily plotted with these values.
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Step 5. Design of Trough ’ _ A
i . . .
The trough shall be Canalq . (BFdgE 0-6m
“divided into twe equal com- F.S.L.2135m o
partments -of 5 m each and By r1em L :%?‘r;e‘r’gb‘ar;\fz 2141
separated By an intermediate =~ 04 ~" f“s";“ 03 o f;/o-z. :
wall of 0.3 ‘m thickness. The r; 9100 Pt il t 1| 2116
. N e TR Sl A N IR O SN N
inspection road shall be car- _ ¢ & .. Y04 _ o
ried on the top of left compart- . Drain
' ment as shown in Fig.'14.23.. - - 207-5m~y -
A freeboard of 0.6 m ’ L
Fig, 14. 23

+ above the .normal wafer depth
i of 1.5 m is sufficient, and hence, the bottom level of bridge slab over the left compart-

f ment can be kept at 1.5+ 0.6=2.1 m above the bed level of the trough. The height of -

| the trough 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 intermediate partition wall is to be extended in the transitions so as to provide
l the’ necessary clear width of 10 m. The detailed drawmg of the aqueduct is illustrated
I in attached chart Fig. 14.24.
Example 14.2. Design a syphon aqueduct if the followmg data at the crossing of a

|
| canal and a drainage are given :

(?) Discharge of canal . ‘ = 40 cumecs.
(it) Bed width of canal =30m.
(ii) Full supply depth of canal . .. o o=l6m . .
uv) Bed level of canal : = 206.4 m.
(v) Side slopes of canal V =LLH:1V. .
(vi) High flood discharge of drainage = 450 cumecs
(vii) High flood level of drainage = 207.0 m.
(viii) Bed level of drainage =204.5m.
(ix) General ground level © =2065m.

Solution. Since the drainage is of a large size, work of type III will be adopted.
Further, because the canal bed level (206.4 m) is slightly below the drainage 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 1n a concrete trough For affecting

“economy, the canal shall be flumed.
Step 1. Design of Drainage Waterway
Lacey’s regime perimeter =P =4. 7590
_ =475 JEO‘: 1008m
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 of 8 m each =11x8=88m ‘
The length occupied by 10 piers of 15ecach =10x15=15m
Total length of waterway - =88+ 15=103m. -
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Let us, now, limit the velocity through syphon- barrels to a value, say 2 m/sec.

Height of barrels réquired - N
Discharge 450
Velocxty X clear width of waterway T2x82

m=2.56 m.

-~ - Hence, provide-11 rectangular barrels, each 8_11L_.w1de and 2.5 m high.

‘ e . .. 450
Actual velocity through barrels = 11 YOy 5 =2.05 m/sec.

Step 2. Design of Canal Waterway
Normal bed width of canal =30m
Let the width be reduced to 15 m.

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

_30-15 —X2=15m.
2
Provxdmg a splay of 3:1in expansion, the length of expansmn transition -
=2 x3=25m. -

Length of flumed rectangﬁlar portion of the canal bétween abutments =103 m
(provided). In transitions, the side slopes of the canal section shall be warped in plan
from the original slope of 11 s H: 1V to vertical.

Step 3. Design of Bed Levels at Different Sections (Flg 14. 25)

2084137
207107

20803
2080

206-507

. ,1;,20.6"322‘ ok 2064
(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 conditions as
follows : '
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Area of trapezoidal canal section
L= B4y R o
where B =Bed width =30m
. . ~y=Depth=1.6m
=[30+1.5x 1.6] 1.6 '
=32.4x1.6=51.845q. m.

=92__40 _
Velocity of flow =V, = A-35184 0.77 m/sec
. Vi (0TD
Vefl.ocxty head = 28 =298l 0.030m
R.L. of canal bed at 4-4 =206.4 m (given)
Water depth =~ =1.6m (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.
At Section 3-3

, Assuming a constant depth of 1.6m throughout the channel, we have at section 3-3,
a rectangular channel, as follows :

Bed width =15m ) A
Depth = 1.6 m (assumedconstant)
Area =15x1.6=24sq. m.
Velocity = V3 g =1.67 m/sec.
: _V_aen® _
Velocity head = 2g 2 %981 0 142m |
_ . Assuming that the loss of head in expansion from section 3-3.to-section 4-4 is taken :
03 Vi-vi
=0, |72

=03 [O.' 142 -0.030]=0.3x 0.112 =0.0336 m; say 0.034 m.
RL. of TEL. at 3-3 =RL. of TEL. at 4-4 +Loss in expansion
=208.030+ 0.034 =208.064 m.
R.L. of water surface at 3-3
=208.064-0.142=207.922 m.
RL.ofbed at 3-3 =207.922-1.6=206.322m.
T AtSection22 N
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
VL
v
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where 7 is rugosity coeffi01ent whose value in a
concrete trough may be taken as 0.016 and L is the
" length of channel =103 m.

Area of trough section (A) =15%x1.6=24sq. m

Wetted perimeter =15+2x1.6=182m
T T T ydmilicmem depth =R=%=155=132m
Ll Velocity in trougﬁ =%— ;—2 = 1.67 m/sec
Head loss, H}‘— n RY/ZQ L_ (0_ 016) (;(?E;)EZ;ZX 103 _ =0. 051m

RL. of TEL. at 2-2 =R.L. of T.EL. at 3-3 + Head loss in trough.
=208.064+ 0.051 =208.115 m.
R.L. of water level at2-2=208.115-0.142= 207.973m.

R.L. of bed at 2-2 -—207973-16 206373m.
At Section1.1 - L

Loss of head i in contraction transition from section 1-1 to section 2-2 may be taken
as

2 . .
=02 [szgv ] =02 [%gz)—z]: 0.0224m ; say 0.022m.
RL.of TEL. at 1-1 =RL. of T.E.L. at 2-2 + Loss in contraction
=208.115+0.022=208.137m
R.L. of water surface at 1-1 .
=208.137-0.030=208.107 m. _
““RILof bed at"I<T'required ?b"m”ajﬁfaiﬁtébﬂéfaiht depth ™~ 7 T e
. =208.107-1.6=206.507m..
All these levels are plotted and skown in Fig. 14.25.
Step 4. Design of Transitions

- (@) Contraction Transition. Since depth is kept constant, the transition shall be
designed on the basis of Mltra s Hyperbohc tranisition equatiosn, {14.2) given by

B. = B Bf If\\
*"B,- ~Li—x(B,— Bp
wherij 1I5m
—30m

Substituting, we get o

B oo 30xI5x15" 6750 _ 450
* 30x15-x(30—-15)  450—-15x 30-x
For various values of x lying between 0 to 15 m, various values of B, are worked

out, as shown in Table 14.4. The distance x is is measured from the flumed section 2-2.

¢
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Table 14.4
2 T 4 6 § | 0| 12| ' 15,
inmetres R . B R b
450 : ] N ’ o
B=%—x - 150 | 16.04 | 1727 | 18.72 | 2042 | 225 | 250 | 28.1 | 300,
_ inmetres - J 1 ! .
Expansion Transition. In thlS case we have
—30m ' '
B=15m
L;=225m
BB Bile n 4y
=B L-x@B,-By -¢Fe42
30x15%x225 675

T30x22.5-x(30~15) 45-x
For various values of x lying between O to 22.5 m, corresponding values of B, are
tked out, as shown in Table 14.5. Thc dlstance x is measured from the ﬂumed section

X 0 {21 46 8 l10]12)] 14 16]18]12 /225
inmetres ;

7 |

LT g 1150 | 157 1646 173 {18.25] 19.3 | 20.4 [21.75] 233 | 25.0 | 27.0 | 300
inmetres

Step 5. Design of Trough

The trough shall be divided into three equal compartments, each 5 m wide, separated
13 m thick partition walls (2 Nos.). The inspection road (5 m wide) shall be carried ~
e extreme left compartment, as-shown in Fig. 14.28. A free-board of 0.6 m above
tormal water depth of 1.6 m is sufficient, and hence, the bottom level of bridge slab
fbe kept at 1.6+ 0.6=2.2 m above the bed level of the trough. The height of the
i will also be kept as equal to 2.2'm. The entire trough section can be designed as
wlithic reinforced concrete structure by the usual structural methods. The tentative:
tnesses may be used as follows :
Outer walls = 0.4 m thick

Bottom slab of trough = 0.4 m thick.

Tssary clear width of 15 m.
Now, the overall outer width of trough (including walls)
=15+2%x0.3+2%x04
=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 formula as equal to
fecting vel. of approach) / _

./

Table 145 R

The intermediate walls shall be extended_mto_tnansmons,_so_,as -to=provide-the <= -
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. - V2 . '
h= + .e. Bq. (14.1) .
[1+f1 h R]zg i.e. Bq. (14.1)
o . where V= velocity through barrels = 2.05 Mise
T T - f= coefficiént of loss of head-at entry

= (0.505 for unshaped mouth.

h= (1 + %J where the values of g anq,

ta\ken rom table 14.1 for Ceme
plastered barrels as

a=0.00316
b=0.030
R = Hydraulic mean depth for barre,
- A E§x2.5 .20
P 2(8+25 21
L = Length of barrel = 16.4 m.
Substituting these values, we get ' '

0.030
0.953

:I 0.00326
2 . .
[1 +0.505+ 0. 00326( 164 ] 09 0.333m

f2—000316[1 +

0.953 || 2x9.81

‘High flood level of Drainage is given = 207.0 m -
. . d/sHFEL =207.0m ) )
Afﬂux (k) =0333m e
- wsHEL. ~ =d/sHEL. + Afflux- (o1 loss of head)
=207.0+ 0.333=207.333m. ‘

. Step 7. Uplift Pressure on Roof of barrels

- RL. of bottom of trough = RL. of canal bed. - Slab thlckness
' =206.4— 04 2060m

2
Loss of head at entry of barrel = 0.505 = 0.505 x (2057

2% ‘2% 981_0108

Uplift on the roof
.. =WsHEL. Loss atentry — Level of under51de of roof slab

=207.333 - 0 108 2060 T T

=1.225m of water = 12.25kN/m* (1 225 t/m>)
(Assummg unit wt of water = 10 kN/m?® or 1t

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

0.4%24=096kN/m>  (assuming unit wt. of concrete = 24 k¥

Stnctly speakmg umt wt. of water = 9 81 kN/m ; but to ease in calculatlons we have taken un
" water = 10 kN/m’ (1 tm®) and of concrete = 24 kN/m>.
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~ The balance of the uplift pressure i.e. 12.25 —9.6=2.65kN/m? has to be resisted
the reinforcement to be provided at the top in the roof slab. The roof slab has to be -
deslgﬂed 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 =

may 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/m ‘
Downward ‘water load acting when there is no uplift = 1. 6 m of water = 16 kN/m

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

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
dlear span of 5 m, the effective span is, therefore, =5+0.3=53m.

_Let us consider 1 m wide strip of slab.

Maximum sagging bending moment in slab due to downward loads

2
56>1<053 KN-m= 717kN—m 7I7x105Ncm

Maximum Hoggmg»moment duevto'resxdual uphft actmg from below
3
205X 3y = 742kN—mv

10
Max. shearforce—-g—l*gs—ézi(igkN 64kN -

- Using 1 :2 : 4 cement concrete, we have ‘
Effective depth (d) of slab required

| d gb ’\f%%—(l)%s— =28..8cr_n\ |
- Provided overall thickness is 40 cm and 'tht_ls provided effective dépth
d=37.5cm. 4 ' '
Steel required at the bottom of the slab

71.7x 10° )
% th
~12000% 0.87 x 37. 5 cm’/mlength

~ (usingr reduced s stress in s steel as. 12000 N/cm?).

- e
P rovide 16 mm ¢ bars @ 10.cm c/c in the bottom. of the slab. -

Steel required at top

7.42x16°
~12000x 0.87 x 37.5

I\PFOVIde 1C mm ¢ bars @ 15 cm/cc.
\ o~

= 1.9 cm? (Nominal)
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Also prov1de 10 mm ¢ bars @ 20 cm c/c as distribution remforcement both at to

. as well as at bottom, as shown in Fig. 14.26.

Irtermediate Fillet bars

wall $10mm @ 20.cm ¢fc
Reinforcement :
¢ not shown) $10mm @15cm ¢fc

¢10mm @20cm ¢/c

=T
% ,4\ AN I

¢16mm bars @ 10cm c/c
Fig. 14.26. Reinforcement in roof siab.

, Step 9. Uplift on the bottom floor of barrel
(@) Static Head - '
R.L. of barrel floor = R.L. of trough bottom Helght of barrel-
=206.0—2.5=203.5m.

Let us assume that a thickness of 0.8 m is

provided.
. R.L. of bottom of floor
=203.5-0.8=2027m l Ccncll
Bed level of drain = 204.5 m. ' 30m
, Assuming that the water-table has gone —~——f—1a—-'.—‘—" :
_ upto bed level of drain, the static uplift on the 5 \
floor (refer Fig. 14718) -~ \ ty
=204.5-202.7= 1.8 m of water .
(b) Seepage Head. The seepage head will [ | 4ni -
be maximum when the canal i is runnmg fuli and gm b1 _de
the drain is dry. é?c___ - L“:ls.mﬁp
Thus, the total seepage head = F.S.L. of | F | L ioim—ofl e Endof
canal — bed level of drain am K-o,gm “0n'19 fp!‘égi“of
=208.0-204.5=3.5m. 1‘*5_ Q- -"_-7D drainage
The residual seepage head at a point ‘@’ in L——18-2# —
- the centre of the first barrel (Fig. 14.27) has
been calculated by Bligh’s theory, as follows : Fig. 14.27

| —r-r—»u.._Assummg that the Mgth of dramage floor = 30'm.

The seepage line abc will traverse creep lengths as follows
~ab =Length of u/s transition+ Half the barrel span = 15+ 4 = 19 m.
bc =15 m (Half of the total length of 30 m=assumed)
Total creep length =19+ 15=34m.

34

Total uplift = Static head + Seepagehead
= 1.8+ 1.55=3.35 m of water = 33.5 kN/m’

Residual seepage head at b =3.5 [1 - 19] 3.5x% 1—5 =155m
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The provided 0.8 m thickness of slab will resist due to ifs own wt., an up.livf{
=0.8x24=192kN/m> | |
~. Balance to be resisted by reinforcement due to bending action
£33.5-19.2=143 kKN/m?,

Suitable reinforcement for this uplift (i.e. 14.3 kN/m?) 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.
14.28, on the following con51derat10ns

(i) Length of floor required under barrel - =164m
(ii) Extra floor length required to '
accommodate pier noses on both 51des =2x1.0 ~=2.0m

(iii) Horizontal length of d/s ramp joining
N to bed level at a slope of 5:1=5(204.5-203.5) =5.0m

(ivj Width of d/s cut-off beyond ramp l =0.6m
(v) Length of extra floor p;ovided on u/s side =0.6m
‘ , /o ~ Totllength=300m

Step 10. Design of cuto?é and protectioi works for the drainage floor

) // 0 1/3 ‘
The depth of scour (R) =0.47 [—f—] .3 assuming f=1.0

1/3
=0.47(@j —-047><765 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.
=15R=15x359=54m
‘R.L. of bottom of w/s cut-off = u/s HF.L. —5.4m
=207.333-5.4=201.933 m ; say 201.93 m.

R.L. of bottom of d/s cut-off = d/s HF.L. - 5.4
=207.0-54=201L.6m"

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

‘=2 [RL. of u/s bed = R.L. of bottom of /s cut-off]

- =2[203.50-201.93]

=2x1.57=3. 14m;say3:2m
Smularly, length of d/s brick pitching
-=2[R.L. of d/s bed —~ R.L. of bottom of d/s cutoff]

=21204.5-201.6]=2x29= 5.8m
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- The pltchmgs 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 water : ‘
“(a) Irrigation channel : = :
Full supply dischdrge =350.cumecs
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C&OSS D. _
Full supply level . =2025m . Y
Canal bed level , = 197.8 m. E
Canal bed width =35 m.
Full supply depth ‘ , ' =4.7 m.
Side slopes - Co=IH IV

th) Natural Drainage : ' ' ‘

Drainage bed level =203.9 m.
High flood level =205.2 m.

Catchment area of drainage up to crossing =14.3 sq. km.

' The Dicken’s formula may be usedfor computing H.F.Q. with its coeﬁ‘zc:ent as 18 |
slor MKS units). .

| Solution. The high flood discharge of the drainage at the point of the crossing rhay
ke obtained by using Dicken’/s.formula, which states

Q=C AY*=18-(14.3*= 18X 7.33 = 132 cumecs. -
Since the bed level of drainage (203. 9 m) is much above the canal FSL (202.5 m),
je. by -about 1.4 m ; the canal water will be taken below the drainage. Hence, the

mss-drainage work to be constructed at the crossing will be a super-passage. The
‘sign of the super passage is to be done on the same lines as that of an aqueduct, and

sgiven below :

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

Discharge _ 0 gy,
Aren - 3 +%y)y (using 5 H: 1V)

S 35 _ 350
,’ T 35+05x47) 47 3735x47 ‘
i This high velocity shows that the canal is already a-lined canal, and much more
liming can not be affected. Hence, the original bed width of 35 m can be continued as
unal barrels below the drainage trough, or slight fluming may be done. Let us adopt a
lear waterway of 30 m, in two spans, each of 15 m, with a central pier of width say 1.5
Jm, thus providing an overall linear waterway of 31.5 m between abutments, and this
vill be the length of drainage troughs. -

Providing a splay of 2 : 1 in contraction (on u/s side), the length of contraction
Tnsition

= 1.99 m/sec. - -

=35—31'5x2=5m
2
Providing a splay of 3:1ind/s expansion, the length of expansion transition
235 231 .5 %3=75m

Length of flumed rectangu‘ar portion of canal will be equal to the width of the
dfﬁmage troughs, as worked out in the next step (i.e. 50.5 m).

‘The piers, abutments, wing walls and return walls of the canal will be designed as
those of a bridge, taking the load of drainage trough (including the load of water and -
msPectlon road etc.), instead of a bridge deck slab. s :



" it can- be slightly reduced to affect economy, but too much contractlon of the draj;
_'poses problems, and hence too much fluming is never done.
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Step IL Desngn of Dramage Waterway .
Lacey § regime penmeter P=475Q =475 VI32 = 54.5m.
" The total length of the waterway prov1ded is generally chosen equal to P, althol,o

l"lag

Letus provide 6 R.C.C. compartments, each of clear width equal to 8.0 m, thy
cwmg :
' lear waterway = 8.0 x 6 48 m.
Usmg 5 partition walls of 0.3 m "thk each
lencth occupled by walls =5 x03=15 m
Total length of waterway provlded =48+1.5=49.5 *n, against P of 54.5,

: (whlch 1s 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 m as aggregate waterway between 1hem Thus, end to end length of dramaae
Erough 49.5+0.8=50.5m.

" Thus, the length of the rectangular portion of canal will also be equal to 505m

Since the drainage has also beén slightly flumed and kept 1'=sser than P, so let Us
design its contraction and expansion lengths.

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

_545-495

> x2=5m
Assuming 3 : 1 splay in expansion, we have the length of expansion transition
- w X3=75m
2 o
Drainage

wing .o . o f - e

e 54:5m -

Canat cbutmenl:

Tbelow the | -
) drainage troug
Canat \ . '
wing ; \ "
L

1om .5_. — s L
A . ol Normei canal
35m : ' : : ‘/Pxer wigth = 35m
e 3l 15'-'- £ 1 s | utod| R | eyt e S = .
-Caonal T o _
15m 8 |18 8 -1 -1 8 .
_‘ l _.. ey s R |
’ . /O,S . lsm
Ccnol ng b/
T@rcl—?;:"gz
Dromog . s/,
: ng —— 54-5m -

- . . Drcmcge wmg

Flg 14.29. Indlcatlve Plan of the Super-passage Crossmg in Example 14.3.



CROSS DRAINAGE WORKS

- The. wing walls will be constructed to reduce the drainage waterway width fron
54.5 m to 49.5 m on upstream, and return walls will be constructed to expand the
drainage waterway from 49.5 m to 54.5 m on downstream. These wings will be extended

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}i
equal to the rectangular waterway of canal). A line plan of the crossing is shown in Fig '

- 14.29.

Step 3. Head Loss and Bed Levels at different

drainage trough.

|

- At section 4-4 (Refer Fig. 14.30) e e

Sections along the length o

1 2 3 T
N ~ gy
—_—
. 54-5m
345m 495m
) i = - - -
Drainage
. LSm'—L 345m 7,,?4
o2 3 4
. % v
205425 205- 41 TEL  Fsi 205-38 | .
/ 205-36
b coon—d xxx XXX LR XXX X k™
AT Y T IR S T 205.2
.. .205:265- . |20518 e s 205
BED
o yrd
03-965 -1 203 o . (2039
203 _965 : e Rectangular portion 20385 | (Given)
of drainage trough
L z 3 4

L~SECTION

Fig. 14.30. Plan and L-section of Drainage trough carried over the ¢anal, Tl

-3 Bl

Loy
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At section 4- 4 Where the dra,maoe returns to its normal section, we have the area

| »f the natural drainage section

: . = width (= perimeter) X Depth
| —545><(2052 203.9)=54.5x13= 7085m

i _Q 130 -
‘ Velocity = V, = 4-7085 -1.86 m/sec ‘say 1.9 m/sec.”
h Vi 1.9y
i 1 —_—— e
i Ve ocity Head = % 2 %081 0.16m

I R.L. of bed at 4-4 = 203.9 m (given)

R. L. of water surface at 4-4

g  =203.9+ 1.3 (as the normal depth in drainage = 1.3 m)

i =2052m
R.L. of TEL at 4-4 =205.2+0.16=205.36 m
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=48m

Area of flow =48x 1.3= 624'n ' .

. 132
Velocuy =24 =2.12 m/sec _ .

: _(2.12%
Velocity Head = 2% 981 =0.23m
Assuming that the loss of head in expansion from section 3-3 to secuon 4-4'is taken _

V- V4 '
_o3l 2%
2

=0.3(0.23~ 016) 03><007 0021m say002m

|l - RL.of TELat3-3 S

: - =RL. of TEL at section 4-4 + Loss in expans1on
=205.36+0.02=205.38m *

ift . R.L. of water surface at 3-3

=R.L. of TEL at 3-3 — Velocity head -

i ' =205.38 — 0.23 =205.15m

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

At Section 2-2
{  From section 2-2 to 3-3, the trough section is constant. Therefore, area and velocity
iat-2-2-are-the-same as-at 3-3. But_from 2-2 to 3-3, there. isa fI'lCthﬂ loss between 2 2

' land 3-3, which may be computed by Mannings formula, as :

\l‘\ ‘ . 3 ﬂ V2 L

Hy =——m—
) Ré/3

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) =48x 1.3=62.4sqm
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Wetted perimeter ~ (P)=48+2x1.3=50.6m

A 624 |
. Hydraulic mean depth (R)= PT506" 1.23m }
g _132 E

Velocxty in trough Eairaair=wis 2.12m/sec 4‘

_(. 016)2>< (2.12)*x31.5
(1 23)4/3
R L. of TEL at 2 2=RL. of TEL at 3-3 + Friction loss (Hp) in trough

T o i
—20538+003 20541m

B R L of water surface at 2-2
. -=205.41-0.23=205.18m
RL of bed at 2-2
_ =205.18m~13= 20388m
At Sectlon i-1 -
Loss of head in contraction transition from 1-1 to 2-2

> =0.0275m ; say 0.03 m S

2 iR

‘H’ ‘/

-02( %% }-02[023 0.16]= 0014m,say0015m
L :

" RL.of TEL at -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=205.265m “ |
R.L. of bed at 1-1 =205.265-1.3=203.965m _
All these bed levels, FSL and TEL are plotted in Fig 14.30. a ]
Step 4. Desxgn of Transitions for the Dramage 4 - ‘
'(a) Contractzon Transztlon Since the - '
depth is kept constant, the transitions can be
designed on the basis of Mitra’s hyperbolic
transition equanon given by egn. (14 2) as: ’ "wiof:'
B, B L " Dramage
LB,-xB~B) . .
- where By=49.5m
'B,=545m
Le=5m.
Substltutmg, we get __Fig 1431

P - R S - E\i
B w1dth at any d1stance X from the ﬂumed sectlon 2—2 DB
_ 54.5%x49.5x5. . - . o - :
T 5%54.5-x(54.5-49.5)
_ 2700
T 545-x

_ For various values- of x lymg between 0'to 5 m, values of B are worked out as shown
in Tablc 14.6. C

B.=

<~ 5m
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Table 14.6
x 0 1 2 3 4 5
in metres : .
2700 . ) I
Be=Sisx | a5 ses | sis | ms 535 54.5
in metres . N

The contraction transition can be plotted with these values.

" Expansion Transition. In this case'B; =545 m, Bf= 49.5m, Lf= 7:5m -

Using Eq. (14.2), we get
B, - Bs- Ly

Li-B,—x(B,—Bp

_ 1545x49.5%7.5
T 7.5%54.5—x(54.5-149.5)
4050
T 817-x

For various values of x Iying between 0
"\: 10 7.5 m, various values of B, are worked out

B.=

'Yy using the above equation, as shown in Fig. 1432 _
hble 14.7. :
Table 14.7
* 0 2 4 6 ' 7.5

in metres “
T o - ) =
B“_81.7—,x 49.5 50.7 . . 520 ‘ 53.3» o _54.5

in metres k

: j:.TH‘e_expamm ~wsitian can be plotted with these values..
- Stép 5. Design of Drainage Trbugli B
The RCC drainage trough, as pointed 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 may be carried on the top
.of the end compartment as shown, : S '

A free-board of 0.6.m above the.normal water depth of 1.3.m is ‘suf,fjg;ipnt‘, and

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..



i
i

04m Thick _ 0.3m Thick Inspection

RCC.End wall . /" portition walls, ~  F-pL-of Drainage Freeboard | bridge deck
i \ 6m ‘ 1 o
- I Ly y205-18m g - T
&m : 8m > —8m ] 8m— e gm— 8m
R R T TI PA I W :“ T Tral s gt . o, .’..—.;-L L .-,-_r_:>,-' R RN S 1 -,,,f O A T T ,~__‘,,.‘,._,__,‘_A_._A_.},‘_‘_____ 4 _20_388m
b, ______._._FsLofCanal=2025m _
| Y : et
nal 47m o
' l : £ CBL1978m _
NN 7 T NN N SRS 777SS 77 N\

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).
e om Lo ) R
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a Exampie 14.4. Design a suitable cross drainage work, given the following data :
| | (@) Irrigation channel

FS.Q. L= 354 cumecs.
I ' Bed width =24 m.
SR FSL e o= 207.60 m,, e
C.B.L: o =2014m '
Side slopes =IH:IV.
(b) Natural drainage ' o
it - HEQ ~° = =600 cumecs.
Drainage bed level' = 203.6 m.
H.EL = 206.3 m.

| Solution. Since the bed of the natural dralnage (203.6 m) is hlgher than the canal
| i bed (201.4 m) by a sufficient 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
111 '(203.6 m), the simple super passage cannot be provided. The canal water will, therefore,
have to be syphoned below the drainage. Since the discharge of the canal is low
' compared to that of the drainage, such a crossing will not prove uneconomical also.
. Hence, a canal syphon will be designed as.below : '

1l Step I. Design 6f‘CanaI Waterway :
‘ i Let the velocity through the canal barrels be limited to 3 m/sec. -

ne .. Area of waterway of barrels required = % =118 m?

Let us provide 4 spans each having a clear waterway of 5.4 m, thus g1v1ng a clear
|1 waterway of 4x5.4=21.6m. Let R.C.C. piers (three No) each of w1dth O 6 m are
-provided ; thus occupying a width-3-x 0.6 =1.8 m. o : ~

Total overall waterway provided between abutments
=21.6+1.8"
.= 23 4m; which is O.X,, as'it is less than 24 m (i.e. the wxdth of canal)

! Assumlng O 3 m as the width of each bearing on abutments, the total length of
i  drainage trough =23.4+0.6=24m." :

Thus, the canal on the Ws and d/s sides is joined to the barrels aggregate w1dth of

i ” 1234 m by suitable transitions and-approaches.

i . Discharge

The hexght of the barrel = Velocuy X Waterway width .
[ 354 A I T I L DI IIIL LS LD L .A.r.A».‘,;v___NAL.L Pusp
| “3x216 oM o
u So let us keep 5.5 m height of the barrels, thus maintaining an actual velocity
W _. . 354 _
| Fuough them .. = —————5 5216 2.98 m/sec.

‘ ‘ Step 2 De51gn of Dramage Waterway
Lacey’s regime perimeter = P = 4 75 \/_ 4. 75 x V600 =116 m.
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Let us assume that the rectangular R.C. C dramage trough is provrded in such
width that its perimeter becomes equal to that required by Lacey’s equation, thus g1v1n
width of the trough =116=2 (2.7)=110.6m ; say 111 m.

.Let us divide the drainage trough into 9 (compartments each of 12 m width (cle:
width) with 0.4 m thick partition walls (8 No.). Thus the overall width of the troug .
provided will be equal to $x 12+8%0.4=108.0+3.2=1112m. Two end walls eac
of 0.4 m thickness can be provided, thus giving the total 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 along the Drainage Trough -

Since the dramage waterway ‘has not been flumed, the only loss of head in TE
when the water flows in‘the trough is due to frictional loss. Assuming that' the drainay
levels (given) are on the'd/s of the crossing.-

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

600

o
Vi
[

Velocxty in trough, V—W—ZQS m/sec . e |
viL

Head loss due to friction (HL) = R4 Ve

A g155x27
- where R = P 7(155+54) 20

_ (0.016)x (2.05)*x 74
Y
Hence, theé trough .should be given a slope (Sp) [as to pass the full dramaoe d
charge] given by
0.0102 m loss in 24 m length j

OOlOZm

. 1 m loss will occurmalength 00102m 2340m o ; !

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 w/s of | crossmg 203.61 m.

Step 4. Desrgn 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,

a\ﬂ) provided,-as shown in the attached chart Fig. 14 36, after properly ensurmv their str

tural safety. ,

Step 5. Design of Trough

The trough shall be made of reinforced cement concrete and shall be desrcned

" by the ‘usual structural methods. ‘A bridge for ifnspection can be provided on-one ¢

(LM compartment, as shown in Fig. 14.36. The trough is divided into 9 compartments e
i.of 12 m clear width as already. decided. The tentatrve thlcknesses of partmon walls@.’

£o.4 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 1) as

(l +fi + f2 R)— (neglecting velocrty of approach) .
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A ‘ . - whereV is the velocity through the syphon barrels
.= 2,98 m/sec.:

i I .': ‘ - fi = coeff. Qf loss'ef head at entry

7=‘O.50§ frer»unshaped mouth

" taken from Table 14.1 for cement
- plastered barrels as.

“ ... a=0.00316 .
1 | o - b=0.030 :
‘ R= Hydrauhc mean depth for barrel

I o | A 54x55 _54x55

| | SPT2(54+55 218 =1j36’m

i o : ' L= Length of barrels = 112 m.
Substituting these values, we get ‘ '

0.030] |
136} 0.00323

| 112 V] 2.98% - e -
h= [1 +0.505+0.00323 (1 36]] 35,91 - 08552y 0.86m.
| FSL of canal (given) =207.6m . |
. d/s FSL =207.6m
Afﬂux ) =0.86 m.
| _WsFSL=d/sFSL + Afflux = 207.6+ 0.86 20846 m _

Step 7. ﬁéhft Pressure on Roof of Barrels

Ak R L. of bottom of trough

=R.L. of drainage bed — Slab thickness
= 203.6-0.8 (assuming 0.8'm th1ck roof slab)
=202. 8 m

0 505 % (2 98)“
2x9.81
"Uplift on the roof = u/s HFL — Loss at entry — Level of under-side of roof slab

=208.46—0.23 - 202.8 '
= 5.43 m of water head = 54.3 kN/m

Loss of head at entry of barrel = O 505 = 0.23 m

The balance of the uplift pressure, i.e. 54 3 ~19.2=35.1 kN/m has to be resisted

k reinforcement to be provided at the top in the roof slab. The roof slab has to be

iligned 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
|I'll downward force, as worked out below :.

fr=a l:l + —1%] where. the values of-a and b are -

S

: " The concrete trough slab is 0.8 m thick and will thus exert a downward load of (
‘; éx24_192kN/m
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Step 8. Design of roof barrel

" Uplift to be balanced by top reinforcement =35.1 KN/m?
Downward water load acting when there is no uphft =2.7m of water = 27 kN/m’
Load due to self- weight of slab =0.8x 24 =19.2 kN/m’
Total downward load (when there is no uplift) =27+19.2= 46.2 kN/m?

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 1s, therefore = 12 + 0 4 = 12 4 m:

‘Let us consider 1 m wide strip of slab.’

Maximum sagging bendlng moment in slab due to downward loads (when there is

no uplift) .
2 2>
= 20202 N | 25 1= 708 kNom = 708 x 10° Nem
_ Max1mum hogging bending moment due to residual uphft actmg from below
JE N 2 B
ﬁll(l(f—“)kN~m=538kN.m=538x 1°N - cm
Max shear force = w?l = §6—2>2<—12—4 kN =287 kN

Usmg 1:2:4 cement. concrete, we have
Economical Effective depth (d) of slab required
T ‘
a= '\/ = 78xxli)% cm = 90 cm.
Provided overall thickness is 80 cm and may be kept'the same. Thus. effectxve depth
prqylded d=775cm. et e e e e
Steel required at rhe bottom of the slab o ’ :

C708x10°
| ~ ool — c/mength.

(using reduced stress in steel as'12000 kN/cm?)

— 87.8 cm®/m length of slab.
Provide 32 mm dia bars @ 9 cm c/c in the bottom of the slab.
Steel reqmred at top

538x10° 2,
=1200x0.87 X775 =-66.7 cm”/m length of slab.

Provide 32 mm dia bars @ 12 cm c/c.
T~ —Also provide 0.15% of gross cross-sectional area of concrete as distribution steel.

~ Area of Dist. steel required
0.15x80x 100 2 . 2
= =12
100 cm : cm
-~ Spacing of 12 ' mm ¢ bars required
_ Areaof one bar X 100
B Area required
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_1.13x 100
B 12

-=9.4 cm; say 10 cm c/c
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. Henc\,, use 12 mm 4 bars @ 10 cm c/c as distribution steel, both at top as well as
bottom, as shown in Fig: 14.34; - e

_T_/l,_,_.
WG”./—*- AOcm
IRLzos 6m _%“% borsl 2mme
32 mm ¢@12cm o ’ cm- ¢jc
Dist. bcrs??mmqb@ 10em el
L K. / A\

po—

AN

T jig

@10¢cm ¢fc -

H —
[ vDisi. barsizZmm <

R.L.202-8m

h

32mm ¢ @9cm cfc

Fig. 14.34. Reinforcément in roof slab. )

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

roof slab.

Step 9. Uphft on the bottom floor of syphon barrels

(a) Static Head

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

"=202.8- 55—1973m

' Let us assume that a thickness of 0.8 m is provided.
" R.L. of bottom of floor =197.3-0.8=196.5m

Bed level of canal =

201.4m

Assuming that the water-table has gone upto bed 1eve1 of the canal, the static uplift

on the floor (refer Fig. 14.18)

=201.4-196.5=4.9 m of water

End of Pucca

. i‘ N4m floor of Canal
) I . a barret
¥ ! i N
54m j i
. 1
0&15—3}_‘ koot el :—_':_‘r_:"_':_—_—_—:_:"_—_::L
0-6m thick 'y T e
- Y S A e =
mof— Tt s oS .
R | e Ty
a—15-6m ————» la—————15.6m —>]
7 1- i — -+ 7 —
]r_« 142:6m ' 4-(

Fig. 1435




CROSS DRAINAGE WORKS . 763

)] Seépage 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 -
. =2063-2014=49m.
The résidual seepage head at a point ‘g’ in the centre of the first barrel (Fig. 14.35)
has been calculated by Bligh’s theory as follows :
Assuming that the total length of drainage floor = 142.6 m

-The seepage line of drain water abc will traverse ére_ep lengths?a{s follows.: .

ab=54+0.6+27=87m; bc= 1422'§ =71.3m
Total creep length =8.7+71.3=80m A -
. 8.7 713,
Residual seepage head at b=4.9|1 - 301 49x =0 - 4.37m

Total uplift = Static head + Seepagehead =4.9+4.37=9.27m=92.7kN/m* .
The provided 0.8 m thickness will resist due to its own weight, an uplift

=0.8 X 24 = 19.2 kN/m®
-+ Balance to be resisted by reinforcement due to bending action
=92.7-19.2=73.5 kN/m’ \
Max. hogging B.M. in bottom slab
‘ _ 73.5%(5.4+0.67
T 10
5 , ‘
1264 % 10°
12000x 8:7x 77.5
Use B2 mm ¢ bars @ 24 cm c/c at'top in the barrel floor (i.e. bottom floor). 12 mm
¢ bars @ 10 cm c/c both ways at bottom, and one way also at top, may be provided as
distribution bars. \ o

cm®>/m length=32.7 cm?

Stecllrequired =

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

Step 10. Pesign of Cutoff’s and protection works for the canal floor

1/3 ‘
Lacey’s normal depth of scour =R = 0.47 (—?—J . assumingf=1

I ’1'_/"3’ I h
R=O.47><(-3—f£} =7 m below FSL

" Provide depth of cut off’s for scour holéslof 1.5 R on both sides ‘
or 1.5R =1.5% 7= 10.5m below FSL ‘
. RL of bottom of /s cutoff =208.46— 10.5=197.96 m
R.L. of bottom of d/s cut-off =207.6~10.5=197.1m
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Length of w/s pitching” =2 [R.L. of u/s bed — R.L. of bottom of u/s cut—off]
=2[201.4-197.96]=2 % 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 d/s cut off]
=2[201.4-197.1]=2%X43=86m.
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 the following crossings .

(a) Irrigation channel ‘ Natural Drainage
Discharge = 350 cumecs HFQ = 4300 cumecs
Bed width = 28 m _ Drainage bed level = 194.9 m
ESD =62m HFL = 1985 m
FSL - =2043m
CBL = 198.1m

Natural ground level = 179.3 -~ .- .. e e
(b) Irrigation channel , . .. Natural Drainage

Full supply discharge = 350 cumecs ~ H.F.Q. = 390 cumecs
' Drainage bed level = 207.4 m

Bed width=24m : " HFL=209.3m

FSD =62m Drainage bed slope = 1 in 500
FSL =2156m :

CBL = 2094 m - Springing level = 207.6 m

Canal bed slope = 1 in 10,000.

Solution. (@) In this case, the canal bed level (198.1 m) is higher than the drainage
bed level (194.9) by 3.2 m and; thérefore; we miay 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 agueduct can be constructed at

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 m at the site of the crossing. Hence, hump is provided along the length
“of trough with-ftatu/s-slope and-d/s slope to join to the natural canal bed levels.on both
sides. The crossing will then be designed as an Aqueduct. The design procedure as used
in example 14.1 can be adopted.

30.2x6.2
high, still these pitching lengths which would be necessary to be properly maintained for the safety of
the structure have been 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 wotked out
assuming that in a worst case, thc pitching of canal may get broken.

*Although the canal is evidently a pitched canal as the velocity (]i.e. 324 =1.89 m/sec.] is
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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 0.1m;
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. o

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 will 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 joiﬁts, (ii) Expansion joints, and {iif) Sliding Jjoints ; and
(2) Construction joints.

These joints are discussed below :

1 (i). Contraction joints. It is a movement joint with a deliberate discontinuity but
no-initial gap-between the concrete on either side of the joint, the joint being intended
to accommodate contraction of concrete. (See Fig. 14.37). -

Strip
painting

Joint sealing
compound

Discontinuity in
concrete but no
inttial gap /

;'.'o 1 e A TN

Water bar '

Continuity .

[ ) . o Discontinuity in steel
Discontinuity _in concrete but :
i . -in steel - - . nounitiak.gap..

(a) Complete contraction joint : (b) Partial contraction joint

Fig. 14.37. Typical contraction joints.

A distinction should also be made between a complete contraction joinr (See Fig
1437 4) in which 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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. N . e ! i . . . Water bar Inttiah jale}s]
1{Z7). Expansion joints. A movement joint with ater bary |

complete discontinuity in both reinforcement and
concrete, and intended to accommodate either €x-
paasion or contraction of the structure (See Fig.

In general, such a joint requires the provision
of an initial gap between the adjoining parts of a

Joint i
structure, which b}' closing or opening, acCOmM-  Discontinuity in omt filier
modates the expansion-or.contraction of the struc-. gOTd h chnc(ret‘z

- AT T ng “stgel” " 7

ture. Design of the joint as to incorporate sliding
surfaces is not, however, precluded and may some-.
times be advantageous. '

1(:ii). Sliding joints. A movement joint with com-
plete discontinuity in both reinforcement and concrete
at which special provision is made to facilitate relative
movement in place of the joint is known as- a sliding
joint. A typical application is in between a wall and a
floor in same cylindrical tank designs (See Fig. 14,39)

(2) Construction joints. A joint in the concrete —TS
1ntroduced for convenience, in constructlon at which s:ffpc%f dors;Sl:nger pad
special measures are taken to achieve subsequen* con-
tmurry without provision for further relative'movement,
is called & construction joint. A typical application is between successive lifts in pouring
concrete in walls of a reservoir or a'box trough (See Fig. 14, 40)

L33 ] S
IR 'y

Fxg 14 38. Atymcal Expansion joint,

Strip painting

/ .
Joint sealing
compound

Fig. 14.39. A typical sliding jaint,

__The positicn and arrangement

of all the construction joints should ™ 2
be predetermined by the desighen- |53
gineer. Consideration should be kX
given to limiting the number of

such joints, and to keeping them = -
free from possibility of percola- - Py
tions in a similar manner for s for Flg 14 40. A typical construction joint.

contraction joints. W ate.r bars may, (Provision of water bar may also be made not shown here)
therefore, be provided in the 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_avoid. cracks by allowmg for the addmonal stresses that may be

Prepdred
FJoint surfacerz - e

A continuity
d of steel

RSN

. should be provided. at the followmg‘spacmgs : ‘

(/) 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 so important.

+ (i) For floors with only nominal percentage of reinforcement’ (smallcr than the
minimum specified), the concrete floor should be cast in panels with sides not
more than 4.5 m. . ' :
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(iti) In concrete walls, the vertical movement joints should'normally be placed at
a maximum spacing of 7.5 m In reinforced walls and 6 m in 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. Thus when a sliding layer is placed at the foundation of a wall,
the 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, ho—wgver',' the temperature changes to be accommodated are abnormal
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 examniple, in certain covered
structures, or where restraint is small, for example, in ceftain elevated struc-
tures, none of the movement joints provided in small structures upto 45 m
length need be of the expansion type. Where sliding joints -are provided be--
tween the walls and either the floor or roof, the provision of movéement joints
in each element can be considered independently.

14.6.3. Width of Gap in Expansion Joint. An expansion joint requires the
provision 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 max1mum
expansion of the structure. . , s e

In determifing this initial width, consideration should be.given to the requireraents
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 treated-as to tnaintain Water-tightness during movement of the joint.

14.6.4.-Jointing Matenals. 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). Joint fillers. Joint fillers are usually compressible sheet or strip materials 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
exparision or contraction that the filler materials may allow may bé 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 théy can only be relied upon as spacers to provide the gap
in an expansion joint, the gap being bridged by a water bar (See Fig. 14.42).

(if) 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

7 Tjoint, a3 to provide  a permanent water- tight -seal -during -the whole range of joint

movement.

The wadter bars are usually made of metal sheets like copper, galvanised iron etc.
or may be made of rubber (natural or synthetic) ; or of plastics like P.V.C. (Polyvmyl
chioride): Metal bars can-be-used in water conveyance structures. or dams, where the
foundations are not expected to yield appreciably ; otherwise they will snap. Anneagled
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. Monel metal
is considered more durable though sometimes 20 gauge galvanised iron or steel strips
are also used.

~ The most usual shape of metal 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 coniraction or construction joints are
shown in Fig. 14.41 (a) to (d); whereas Fig. 14.42 (a) to (g) shows the use of varlous
type of water bars in expansmn joints,

Metallic  _ PVC Water bar
Ywmer bar : . \ \ I T

! Joint seclmg
compound
(a) metal water bar with central corrugétion (b) PVC water bar
Joint sealing Two coat Moulded
compound strip painting \NGTe!’ bar

e >
e} metal water bar with two coat strip painting (d) 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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Joint_ Metaliic . i .
wrxg;tlzrliéc sealing water bar Joint sealing
L ar /compour‘.d -\ . /' compound
l v -~ .., =" ~ we € ° ] - M ]
i . F .
Joint Filler Joint filler
(@) &)
Cl Clcmbmg Copper Joint
Joint Filler plate cover plate

LRubber
water bar
(©
Lead Sheet lead joint
cautking cover plate

Plastic
pointing

//,J/
. .’II/’I’II’ ]

Cl Plate cast Joint filler

ito concrete

@

Joint sealing

Two coat
compound

strip painting

—— 1 Sy :
\-J_omf_-, . ZJo'mf Filler
filler
(@ . ) .
o Twe coat |
strip pamtmg] /— FCI:VCQ?'ST

. . . - J /
.5-_.::.:_'.'-.

Joint sealing ‘ot e
',__.Ge.mp:evun:d_“._ Pt e LA oz

g .
Fig. 14.42. Typical details showing use of various types of water bars
- and jointing materials in Expansion joints.

Most Comxﬁonly used dimensions & shapes of metal water Stop's‘,(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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N

cm —10cr—> cm

§<—~j‘iocm~4-—{ - e 200mm dee———.J
200mm wnde__,4 metal bar

metal b o‘r
(a) 200 mm wide Z—snape metal water stop (b) 200 mm wide V-shape metal water stop
for expansion joints =~ "~ - R for expansion joints.

] 10cm 1 - o .,
‘r-—_————-ZOO mm wide —] [—-———150mm wide—-——.]
/ rubber stop

(c) 200 mm v;/\id.e dumb well with central bulb (d) 150 mm wide PVC water stop serrated
type rubber water stop for expansion joints with central bulb for construction joints.

Fig\."\1\4.43 Dimensions and shapes of commonly used water bars
for ducts of Aqueducts 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 rhe concrete
round the bar should not be unduly short.

The holes sometimes’ “provided on thewings of cepper water bars_to increase bond,
shorten the water path and may be d1sadvantageous 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 stiip water bars at present available in the newer materlals 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 shapes or sections. Some of these
designs, for example, those with several projections (see Fig. 14.41d), would not need to be
passed through the énd shutter and by occupying 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
“to avoid-the risk-of a-fault-in-an-embedded water bar. The cover plate may be of copper
or sheet lead. If copper cover plate is used, it should be clamped to the concrete face
~ on each side of the joint using suitable gaskets to ensure water tightness (see Fig.
14.424). If sheet lead is used, the edges may return into grooves | formed in the concrete
and be made completely watertight by lead caulking (see F1o 14.42 ¢). Faces of the
concrete to which sheet lead is to be fixed should be painted with bituminous or other
suitable compositieny and the lead sheet should be similarly coated before fixing.
(ii1) Joint Sealing Compounds. Joint sealing compounds are impermeable ductile
‘materials which are required to provide a watertight seal by adhesicn to the concrete



A

CROSS DRAINAGE WORKS M

throughout the range of joint movement. The commonly used materials are based on
asphalt, bitumen, or coal tar pitch 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 statc, 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 joint.

The main difficulties experienced with this class of material are in obtammg 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. 14.42¢). The actual minimum
width will depend on the known characteristics of the material. ‘In the case of an
expans1on joint, the lower part of the joint is occup1ed by a joint filler (see Fig. 14.42f).
This type of joint is generally quite successful, since retention of the 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 in 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
Impremeable joint sealing compound
like Techaseal RDL-940 or RDL-941

{Polysulphide sealant) manufactured
by Chockesy Chemicals P ltd,Mumbai

Bituminous joint filler
Type: Shalitex joint filler

Water fncel \

J" ' KBOO mm Wide V shaped

Copper

T 3 12mm strip
50mm R T Water stop
S 38mm
SN SERRUR S IS ) 4 i
- Thi"ck,nes'sgf R " ;
bottom sta 25mm
or wall of 25mm & ~Omm¢
the RCC 25mm
aqueduct o ) N
\ L0mm<p .
l ) ! id 225mm 3
R . I -
B AN - L
25 to 30mm wide 225 mm wide :

expansion )omt :

rubber water. stop

Fig. 14 44. Detmls of typlcal Expansion Jomt in the base slab and walls of R.C. C duct or trough.'
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water stop and 300 mm wide V-shaped copper water stop) were used to ensure complete
water-tightness. |

PROBLESS—~ -~ - - e

1. (@) 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. o . (Madras University, 1973)

2. Write short notes on :
(f) Agqueduct
(if) Syphon aqueduct .
(fi) Camal'syphon - .. (Madras University, 1972)
(iv) Level crossing. ' o )

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 =523.00m

Bed width of drainage =50.00m

Side slopes of drainage at crossing =% 1

R.L. of ground '=525.00m

R.L. of bed of canal =524.50 m

Discharge of canal =30 cumecs

Depth of water fncanal™ "~ & = TTOM- " T L L s e e e o
‘Bed width of canal =22.0m.

, 4. (a) Name the different types of cross drainage works. Ex;}léin 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. o . .. (Engs. Services, 1974)

(b) Under what conditions of drainage and canal crossings are syphons prov1ded ? Draw a plan and
section through a typical branch canal syphon, and suggest a method for reducmg 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?
S;ate 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 by Tough-sketchies-the-type-of cross drainage work suitable for each of the following cases:

(a) ] Drain Canal -
Discharge in cumecs 200 20
BL ~2500m 30.00 m
| FSL 3150 m
HFL 28.00 m

[Ans. Aqueduct of Fig. 14.3 is recommended}
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(b) Drain Canal
Discharge in cumecs 2 cumecs 400 cumecs
BL 522m 48.00 m
FSL 53.00m
HFL : 532m

{Ans. Syphon of Fig. 14. 7 is recommended]
"(Madras University, 1976)
7. Discuss the various types of cross drainage works used in canal systefns 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 edch type of structure.

8. Give neat sketch of suitable designs of aqueducts for each of the following crossings :

(a) A mujof canal over a small drainage. : [Ans. Aqueduct of type 1, Fig. 14.10]
(b) A canal carrying low discharge over a large drainage. [Ans. Aqueduct of Type I, Fig. 14.11)]
(¢) A major canal over a large drainage. [Ans. Aqueduct of Type 11, Fig. 14.12]

Explain in detail the method of design of fluming required in the crossing at (¢) above.

9. (a) State under what circumstances you will recommend the use of the followmo cross drainage
structures :
(i) Syphon
(ii) Inlet
(iti) Aqueduct .
(b) Following data were collected from a syphon uqueduét :

Diameter of the barrel (single) =3m |
Length of the barrel =90m 1
Discharge through the barrel” =25 cumecs j!
Friction factor (in Darcy-Weisbach formula) =0.013 ‘J
Coefficient-of bend loss (2 bends) =0.10 if
Coefficient of head loss in expansion at outlet ~ =0.20 “
Coefficient-of head loss in"contraction at-iilet -~ = 0:10." T R o ‘Jl
Determine afflux. Neglect velocity head in drainage channel. (AMIE, 1970) !
[Solution : ‘
f 2 2 2) 2 _ . o
Total head loss =2 =0.10’ )+2><010 14 +02{— ¥ +fﬂ ' S
‘ 2 ) 2) ""2)" 2d |
: entry loss +bend loss  outlet friction . : ;
: expansion loss in i ) '
loss pipe ’ ‘
_os L QOIBX0 P 00V | j
2g 3 2z 2 ‘
Velocity in the barrel = Q = ——25—— m/sec. = 3.52 m/sec.
A T
o .. a¥X (0% - §
) |
h=0. 89><13—52L 057m. Ans)
_ 2x9.81
10. (a) What are cross-drainage works 7 What is the necessity of such a work in a canal project,
and how does this necessity is fulfilled by such works ? N o

(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 7

b
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(b) Describe briefly the step by step procedure that you will adopt for designing ar. unflumed syphoq

aqueduct. .

12. Design a syphon aqueduct with the following data :

For Canal ‘
Discharge 7. =356cumecs
Bed width ' ‘ =32m
F.S. depth ' =1.98m
R.L. of bed . =267.00m

For Drainage . o S
High flood discharge . o =425 cumecs” LT e
HFL o =26820m
General bed level of low water cross-section .= 265.50 m

" General ground level ' =267.20m

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. -





