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Cross Drainage Works:

In an irrigation project, when the network of main canals, branch canals, distributaries,
etc are provided, then these canals may have to cross the natural drainages like rivers, streams,
nallahs, etc. at different points within the commded area of the project. The crossing of
canals with such obstacle cannot be avoided. Therefore, suitable structures must be
constructed at the crossing point for the easy flow of water of the canal and drainage in the
respective directions. These structs are called crosg drainage works.Thus, across ¢
drainage work is a structurearrying the discharge from a natural stream across a canal
intercepting the stream.

Figurel. Canal crossing a natural drainage

Necessity ofCross- Drainage Works:

The crosg drainage work is rguired to dispose of the drainage water so that the canal supply
remains uninterrupted. The canal at the crasdrainage work is generally taken either over or
below the drainage. However, it can alse at the same level as the drainage.wesknow that,
canals are usually aligned on the watershedhs there are no drainage crossings. However, it

is not possible to avoid the drainages in the initial reach of a main canal because it takes off
from adiversion headworks (or storage works) located on a river which is a valley. The canal,
therefore, requires a certain distance before it can mount the watershed (or ridge). In this
initial reach, the canal is usually a contour canal and it interceptsvébeu of natural drainages
flowing from the watershed to the river.
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After the canal has mounted the watershed, no crdsainage work will normally be
required, because all the drainage originate from the watershed and flow away from it.
However, in someases,it may be necessary for the canal to leave thatershed and flow
away from it.In that case, the canal intercepts the drainagelsich carry the water of the
pocket between the canal and the watershed and hence the edosimageworks are required.

A crossdrainage work is an expensive structure and should be avoided as far as
possible. Theaumber of crossirainage works can be reduced to some extent by changing the
alignment of the canaHowever, it may increase the length and hence the cost efdanal.
Sometimes it is possible to redutee number of crossdrainage works by diverting the small
drainages into large drainages or by constructitige crossdrainages work below the
confluence of two drainages by shifting the alignment. However,sth&bility of the site for
the construction of the structure should also be considered while decidindottegion of the
crossdrainage works.

Types of Cros®rainages Works:

Depending upon the relative positions of the canal and the drainagecritesdrainage
works maybe classified into 3 categories as:

1. Canal over the drainage

(a) Aqueduct: An aqueduct is a&tructure in which the canal flows over the drainage and the
flow of the drainage below is open channel flow. An aqueduct is similantordinary road
bridge (or railway bridge) across drainage, but in this case, the canal is taken over the drainage
instead of a road (or a railwayA canal trough is to be constructed in which the canal water
flows from upstream to downstream. This cat@ugh is to be rested on a number of piefs
aqueduct is provided when the canal bed level is higher than the H.F.L. of the drainage.
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Figure2. Aqueduct

4| Page



(b) Syphon aqueductin a syphomaqueduct also the canal is taken over the drainage, but the
flow in the drainage is pipe flo.e.the drainage water flowsinder syphonic action and there

is no atmospheric pressure in the draindga syphon aqueduct is constructed when the H.F.L.

of the drainage is higher than the canal bed level. When sufficient level difference is not
available between the canal bed and the H.F.L. of the drainage to pass the drainage water, the
bed of the drainage may be depressed below its normal bed level. Theageis provided

with an impervious floor at the crossing and thus a barrel is formed between the piers to pass
the drainage water under pressur8yphon aqueducts are preferred than Aqueducts, though
costlier.
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Figure3. Syphon gueduct

2. Canal below the drainage

(a) Supepassageln a superpassage, the canal is taken below the drainage and the flow in the
channel is open channel flow. A superpassage is thus reverse of an aqueduct. A superpassage is
required when canal F.S.Lbslow the drainage bed level. In this case, the drainage water is
taken in a trough supported over the piers constructed on the canal bee.water in the canal

flows under gravity and possess the atmospheric pressure.
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Figure4. Superpassage

(b) Canakyphon:A canal syphon (or Simply a syphon) is a structure in which the canal is taken
below the drainage and theanal water flows under symphonic action and there is no presence
of atmospheric pressure in the candtlis thus he reverse of a syphon aqueduct.

A canal syphon is constructed when the F.S.L. of the canal is above the drainage bed
level. Because some loss of head invarialggurs when the canal flows throughe barrel of
the canal syphon, theeommand of the canals reduced.Moreover, there may be silting
problem in the barrel As far as possibla,canal Syphon should be avoided.

Bank of
canal

Concrete floor

Figure5. Canal Syphon

3. Canal at the same level as drainage

(a) Levelkrossing:A level credng isprovided when the canal and the drainage are practically
at the same level. In a level crossing, the drainage water is adniittedhe canal at one bank
and staken out at the opposite bank.
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A level crossing usually consists of a crest wall providedsache drainage on the
upstreamof the junction with its crest level at the F.S.L. of the canal. The drainage water passes
over the crest aneenters the canal whenever the water level in the drainage rises above the
F.S.L. of the canal. Thereaisliraingye regulator on the drainage at tht#s or the junction and a
crossregulator on the canal at thd/s ofthe junction for regulating theutflows.
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Figure6. Level crossing

(b) Inlet and outlet An inletoutlet structure is provided when the drainage and the canal are
almost at the same level, and the discharge in the drainage is small. The drainage water is
admitted into the canal at a suitable site where the drainage bed is at the F.S.L. Ghitize.

The excess water is discharged out the canal through an outlet provided on the canal at some
distance downstream of junctionThere are many disadvantages in use of inlet and outlet
structure, because the drainage may pollute canal water and d&sdoank erosion may take
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place causing the deterioration of the canal structige that maintenance costs are high.
Hence, this type of structure is rarely constructed.

INLET
OUT LET
—=DRAIN ESCAPED WATER
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> CHANNEL
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~

Figure?. Inlet and Outlet

Selection of a suitable type afrossdrainage work:

The following points should be considered while selecting the most suitable type of
crossg drainage work:

1. Relative levels and dischargd$e relative levels and discharges of the canal ahthe

drainagemainly affect the type of crossdrainage work required. The following areethroad
outlines:

1 If the canal bed level is sufficiently above the H.F.L of the drainage, an agueduct may be
provided.

1 |If the F.S.L. of the canal is sufficientlydvelthe bed é&vel of the drainagea super
passage iprovided.

1 Ifthe canal bed level is only slightly below the H.F.L. of the drainage, and the drainage is
small a syphon aqueduct is provided.

1 |Ifthe F.S.L. of the canal is slightly above the bed level of the deasadthe canal is of
smallsize, a canal syphon is provided.

1 If the canal bed and the drainage bed are almost at the same level, a level crossing is
providedwhen the discharge in thdrainage is large, and an irletitlet structure s
provilded when thalischargen the drainage is small.

2. Performance: As far as possible, the structure having an open channel flow should be
preferred to the structure having pipe flowherefore, an aqueduct should be preferred to a
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syphon aqueduct Similarly, a supgpasage should be preferred to a canal syphon. The
performance of inleutlet structures is not good and should be avoided.

3. Provision of roadA aqueduct is be#r than a supepassage because the former, a road
bridge can easily be provided along withe canal trough at a small extra cost, whereas in the
latter, a separatdridge is required.

4. Size of drainag&Vhen the drainage is of small size, a syphon aqueduct will be preferred to
anaqueduct as the latter involves high banks and long appraadHewever, if the drainage is
of large size, an aqueduct is preferred.

5. Cost of earthworkThe type of crossdrainage work which does not involve a large quantity
of earthwork should be preferred.

6. Foundation The type of crosdrainage work should besekected depending upon the
foundation available at the site.

7. Material of construction Suitable tpes of material of construction in sufficient quéary
shouldbe available near the sit®r the particular type of crossdrainage work selected.

8. Cast of constructiorand overall costThe cost of construction of crossainagework should
not be

9. Subsoil water table: If the subsoil water table is high, the types of crolsainage works
which require deep excavation should be avoided.

10. Permissible loss of head: The crdesinage works should be selected based on the
permissible loss of head. Where the head loss cannot be permitted, a canal syphon should be
avoided.

11. Canal alignment: The canal alignment is sometimes changechievaca better type of
crossdrainage work. By changing the alignment, the type of crasainage work can be
altered. The canal alignment is generally finalized after fixing the sites of the majorcross
drainage works.

Selection of site of a crosgrainage work:

The following points should be considered wtslkelecting the ge of a crossdrainage
work:

1. At the gte, the drainage should cross the canal mtigent at right angle. Such aite provides
good flow conditions and also the cost of the sture is usually aninimum.
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2. The stream at the site should be stable and should have stable banks.

3. For economical design and construction of foundations, a firm and strongtsatbm should
exist below the bed of the drainage at a reasonable depth.

4. The site should be such that long and high approaches of the canal are not required.

5. The length and height of the marginal banks and guide banks for the drainage should be
small.

6. In the case of amqueduct sufficientheadway should be available beten the canal trough
andthe H.F.L of the drainage.

7. The water table at the site should not be high, becausarnicreate dewatering problems for
laying foundations.

8. As far as possible, the site should be seledmdnstreamof the confluence of twstreams,
therebyavoiding the necessity of construction of two structures.

9. The possibility of diverting one stream into another stream upstream of the canal crossing
shouldbe considered, if found feasible.

10. A crossirainage work should be cormed with a bridge, if required. If necessarthe
bridgesite can be shifted to a croskainage structure or viceersa.

Various Types of Aqueducts and SyphAueducts:

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

Type [:In this type, the cross section of the canal is not changed. The original cross section of
the canal with normal side slopes is retained. The length of the barrel through which the
drainage passes under the canal is maximum in this type of structure bedhe width of the
canal section is maximum. This type is suitable when the width of the drainage is small (less
than 2.5 m).
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Figure8. Type | Aqueduct
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Type Il.In this type, the outer slopes of the canal banks are discontiraed replaced by
retaining walls. Thus the length of the barrel is reduced, but the cost of retaining wall is added
to the overall cost. This type is suitable when the width of the drainage is moderate (2.5 to 15
m).

RETAINING

Figure9. Type Il Aqueduct

Type lll.In this type,the entire earth section of the canal is discontinued and replaced by a
concrete or masonry trough over the drainage. This type is suitable when the width of the
drainage is very large (greater than 15 m), so tit ¢ost of the trough and canal wing walls is
less in comparison to the saving resulting from decreasing the length of barrel. In this type, the
canal can be easily flumed which further reduces the length of the barrel.
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FigurelO. Type Il Aueduct

Selection of the SuitableType The selection of a particular type out of three typef
agqueducs or syphoraqueducts lies on theonsiderations of economy.h& cheapesbf the
three types at a particular place shall be the obvi@wice.In fact, in all cases, the cost of
abutments and wingvallsis independent of théength of the culvert along the canal. In type 1,
no canal wings are required since tbanal section is not at all changed. However, in this type,
the width of the aqueduct isthe largest. Type | will, therefore, prove economical only where
the length of theaqueduct § small and where the cost of bank connections would be large in
comparisono the savings obtained from the reduction in the width of the aquedurctype 1|

the width of the aqueduct is mimum but the cost of bank connectioris maximum. Thisype
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is,therefore, suitable where the length of the aquedustverylarge and where the cost of bank
connections would be smlah comparison to thesavingsobtained from the reduction in the
width of the aqueduct.

On the basis of above discussion, it can be concluded thattibeeof a particulartype
deperds mainly upn the length of the aqueduct.é. the width of the drainage) irelation to
the ske ofthe canal. The exact choice of a pagtilartype inparticular casecan be made by
working out the cost of lathe types and then choosing the cheapest.

Design Considerations for Cross Drainage Works

The following steps may be involved in the design of an aqueduct or a syplgoeduct.
The design of supeipassageand a syphon is done on the same lines as for aqueducts and
syphon aqueducts, respectivelynse hydraulicallythere is no much difference between them,
except that the canal and the drainage are interchanged by each other.

1 Determination of Maximum Flood Discharge

The high flood discharger smaller drains may be worked out by using empirfoainulas;
and for large drains, othereliable methods Such allydrograph analysifationalformula,
etc. may be used.

1 Fixing the Waterway Requirements for Aqueducts and Syphaueducts

An approximate value of required waterway for the drain may be obtalmedsing the Lacey's
equation, given by

P=475 0
wherePis the wdted perimeter in metresand Q is thélotal discharge in cumecs.

For wide drains, the wette@erimeter may be approximately taken equal to thédth of the
drain and hence, equal to waterway requireHor smaller drains, a smaller figure for the
waterway thanthat given by Lacey segime perimeter, may be chosen. &maximum
permissible reductioin waterway¥ N2 Y [ | OS & (2% HelsaltbrgrBalleS dvding, the
width of the waterway provided sbuld be so adjusted as to provide thisquired perimeter
(minimum value =0.8 P). Thiecided clear water way widtls provided in suitable number of
bays (spans).

1 Afflux and Head Loss through Syphon Barrels
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The velocity through syphoharrels is limited to a scouring value of about 2 to 3 m/sec.
A higher veloity may cause quick abrasiontbe barrel surfaces by rolling grit, etand shall
definitely result in higher amount of afflux on the upstream side of the syptosyphon
aqueduct, and thus, requiring higher and longer marginal banks.

The head losgh) through syphon barrels and the velocity (V) through them are
generally redted by Unwin's formulas

h=p "Q Q- —-— (@)

where L= Length of the barrel.
R= Hydraulic mean radias the barrel.
V= Velocity oflbw through the barrel.

@ Velocityof approach ands oftenneglected.

"Q  Coefficient of head loss at etr = 0.505 for unshaped mouth

= 0.08 for bell mout

"Q s a coefitient such that the loss of heddrough the barrel due to surface friction

isgiven by Q—— .

After having fixed the velocity (V) through the barrels, the head (h) redub generate
that much velocity can be found by using equati@). The d/s HFL of the drain remains
unchanged by the construction of works, and thithe u/s HFL can be obtained by adding h to
the d/s HFL. The u/s HFL, thereforetsgeeaded up by an aount equal to h and is known as
afflux. The amount of affluis limited because the top of guide banks and marginal bunds, etc.
are governed by thisaised HFL. So a limit placed on afflux will limit the veldbitgyugh the
barrels andvice versa. Hence, hyermitting a higherafflux and, therefore, a highevelocity
through the barrels, the crossectional area ofyphon barrels can be reducedjtithere is a
corresponding increase in the cost of guide banks and marginal bunds arnttielsagthof d/s
protection isincreased Hence, an economic balance should be worked outaodmpromise
obtained between the barrel area and afflux. Moreover, in order to redineeafflux for the
same velocity, the entry is made smooth by providing) beuthedpiers andsurfacefriction is
reduced by keeping the inside surface of the barrelsrasoth as possible.
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1 Fluming of the Canal

The contraction in the waterway of the canaé(fluming ofthe canal) will reduce the length of
barrels or the wdth of the aqueduct. Thiss likelyto produce economy in many cases. The
fluming of the canalsigenerallynot done when the canal section is in earthen banks. Hence,
the canal is generally not flumdad works of ¥pe | andType Il However, fluming is geerally
done n all the works offypelll. The maximum fluming is generally governed by the extent that
the velocity in the trough should remain subcritical (of the order of 3 m/sec). Because, if
supercriticalvelocities are generated, then the transitidrack to the normal section on the
downdream side of the work may involve the possibility of fleemation of a hydraulicJump.

This hydraulic Jumwould lead to undue loss ohead and large stsses on the work. The
extent of fuming is furthergoverned ly the economy and permissible loss of head. The greater
is the fluming, thegreater is thelength of transtion wings upstream as well a®wnstream.
This extra cst of transition wings is balanced by the saving obtained due to the reduction in the
width of the aqueduct. Hence, an economic balance has to be worked out for any proposed
design.

After deciding the normal canal section and tiiemed canal section, the transitiohas
to be designed to aval sudden transition and theormation ofeddies etc. for this reason, the
u/s orapproach wings should not be steeper than®gi.e. 2:1 splay) and the d/s or departure
wings should not be steeper than B8 (i.e. 3:1 splay). Generally, the normal eartheanal
section § trapezoidal, while the flumed pucoczanal section is rectangular. It &so not
necessary to keep the same depth in the normal and flumed sections. Ratimaty sometimes
be economical to increase the depth and still further reduce the chanidth in cases where a
channel encounters eeach of rocky terrain and has to be flumedcurtail rock excavation. But
an increase in the watedepth in the canal trough widlertainly increase the uplift pressures
the roof as well as on thddor of the culvertthus requiring larger roof anddor sections and
lower foundations. Due to theseeasons,no apprecidle economy may be obtained by
increasing the depth

91 Design of Pucca Canal Trough:
The canal trough is designed as follows:

For an Aqueduct:In case of amqueduct, the bottom of theanal ie. the roof of the culverts
subjected tathe dead weight and the vertical load whter from the top, as shown in Figure 11.
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Figurell Loads acting in aqueduct

Since in an aquedtt, there is nouplift from the underside actig on the bottom of the
canal bed, the canal bottom has to be designed for taking the dead weight and full water load
by either providing ahickness sufficient to take this much of tbanerely by gravity or by
providing reinforced concrete lab with reinforcement at its bottom.

The side walls of the canal are to be designed as retaining walls. They may b®fmade
masonry or R.C.C. It is preferable to have an entire R.C.C. section. The retailtsngill be
designed to carry the entire haontal force exerted by the canal watand shalltherefore,
cary reinforcement on the wateraice

For an Aqueduct Syphonn case of an aqueduct syphongdides the verticaload of canal
water, one more force comes into action i.e. the ughfessureexerted by thedrain water. The
roof of the culvert i.e. the bottonslab of canal should now be desigrtedwithstand these two
forces independently. Althoughhése two forces act in a opposition to each other but still
under the worst circumstances, thereay be times when onlpne of them may be acting. For
example, when drainage is flowing at its maximum hilgtod level, canal may be empty.
Similarly, there may not be any drainage wateuching the slab when the canal may be
running full. Hence, the @b should be designefar

(i) full water load and dead weight, with no uplift
(ii) fulluplift with no water load.

When the slab is designed tmunter-balance the maximum uplifimerely begravity, it
is somdimes found that tle dab thicknessrequired & less han what s required for the first
condition i.e. wken designed for full water loadBut many a tnes,the thickness required for
balancing uplift may exceed the thickness required for balancing the water load. In that case, it
is generally not adsable to increase the thickness because any increase in thickness will result
in lowering the levels of botthe rodf of the culvert as well as thigottom slab ofculvert. This,
in turn, will increase thauplift on the roof slab as well as on the bott@iab of culvert.
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1 Design of bottom floor of Aqueduct and Syphon Aqueduct:
The floor of the aqueduct or sypheaqueduct is gbjected to uplift due to two causes:

(a)Uplift due to watettable: This force acts where the bottom floor is depressed below the
drainage bed, especially in syphon aqueducts.

The maximum uplift under the worst condition would occur when there is no water
flowing in the drain and the water table has risen up to the drainage bed. The maximum net
uplift in such a case would be equal teetdifference in level between the drainage bed and the
bottom of the floor, as shown in Rige 12.

DRAINAGE  PQSITION OF
BED\\ WATERTABLE\\:L

ENNZ\ 7N TFE |
1
, GV Y
R REPIRAN 2 R B R 0 R
MAX NET/ UPLIFT
. UPUFT ORDINATE

Figurel2

(b) Uplift dueto seepage ofvater from the canal to the drainage: & maximumuplift due to

this seepage occurghen the canal is running full and there is no watarthe drain. The
computations of this uplift, exerted by the water seeping from the canal on the bottom floor,
are very complex andlifficult, due to the &ct that the flow takegplace in three dimensional
flow net. The flow cannot be approximated to a two dinsemal flow, as there is noypical
place across which the flow is practically tdimensional. Hence, tor the smaller works, Bligh's
Creep theory may be used fassessinghe seepage pressuresuB for the larger works, the
uplift pressures must é@checkedby model studies. The seepage pressure can be evaluated by
. £ A 3 K Qas expléired debw

The seepage flow occurs from the beginning of pucaaal trough (point a) and
reappears in thedrainage bedon either side of the impetious floor along the centref the
floor of the first culvert bay (say point ¢ or poid} in Figure 13Point b is tlke point under the
centre ofthe floor of the first culverbay.
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The seepage path from a to b and frdimo ¢ can be known. The total creep lengthl
then be equal to a b + b c. If H is the total seephgad (ie. H=FSbf canal- d/s bed level of
drain), the residual head at the point be(i, H) is then giverd € . sthédoB E<Equal to

0="0- — &
O=— 0w

The floor of the syphofaqueduct must be designed for the total uplift which is ecaal
the sum of the uplift due to seepage plus the uplift due to static head. The wpldt may be
partly resisted by the wt. of the floor and partly by bending in reinforcement.

Methods of reducing uplift on the floorThe uplift on the bottom floor may beeduced in two
ways

() By extending the impervious canal trough on either sidthefdrainage so a® increase the
creep length ab. A puddle apron may be used in placeanicrete floor, if clay is easily
available.

(ii) By providing drainage holes in the culvert floor so as to release the upditichifrelief holes
are provded inthe bottom floor; an iwverted filter, shouldalso beprovided below the floor.
The inverted filter would help in preventirtbe soil particles from getting out of the holes. The
performance of such holemay not provevery successful in actual field asafipears to be on
paper.Becauseif these get choked or if thereccurs some defect in filter systethere may be

a danger of failure of work by excessive uplift or by undermining.
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1 Design of Bank Connections:
Two set of wings are required in aqueduatsd syphoraqueducts. These are
(i) Canal Wings or Land Wings.
(i) Drainage Wings or Water Wings.

(i) Canal wings or Land wing$hese wings provide a strong connection betwéas masonry

or concrete sides of a canal trough and earthen canal banks. T¥iageare generally warped

in plan so as to change the canal section from trapezoidalettangular. They should be
extended upto the end of splay. These wings maydssigned as retaining walls for maximum
differential earth pressure likely to come dhem with no water in the canal. The foundations
of these wings should not be left ditied earth. They should be taken deep enough to give safe
creep length

(i) Drainage wingor Water wings or River wingsThese wing walls retain angrotect the
earthen slopes of the canal, guide the drainage water entering and ledliveng/ork, and join it
to guide banks and also provide a vertical-otftfor the waterseeping from the canal into the
drainage bed. The foundations of these wing walls shdwdd taken kelow the deepest
anticipated scour in the river. The sections of these wimglls should be capable of
withstanding the maximum differential earth pressure likedycome on them.

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

Design of Canal Transitions:

The following methods may be used for designing the channel transitions:

(i) Mitra's method of design of transitions (when water depth remains constant).

(i) Chaturvedi's method of design of transitions (when water depth remains constant).
(ii) Hind's method of design of transitions (when water depth may or may not vary).

(i) Mitra's Hyperbolic Transition when water depth remains constant:

Shri A.C. MitraChief Engineer, U.Prifyation Deptt. (Retd.), has proposed a hyperbolic
transition for the design of channel transitions. According to him, the channel width at any
section XA, at a distance x from the flumed section is given by
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where 6 Bed width of the normal channel section.
6  Bed width of the flumed channel section.
0  Bed width at any distance x from the flumed section
0  Length of transition.
(i) Chaturvedi'sSemiCubical Parabolic Transition when water depth remains constant

Prof. R.S. Chaturvedi, Head of Civil Eagineering Deptt. in Roorkee University (Retd.), on
the basis of his own experiments, had in 1963, proposed the folloagugtion for the design
of channel transitions when water depth remains constant.

. 8 T
W=—7 7 P —

Choosing various convenient valuesiofthe corresponding distance x can be computed easily
from the above equation.

(i) Hind's Method for the demn of Transitions when water depth may also vary:

This is a general method and is applicable either wherdéiqghs in the flumed and unflumed
portions arethe same, or when these depths are different. Inurfeg 12 the contraction
transition (i.e. the aproach transition) starts at sectiodll and finishes at section-2 The
flumed section continues from section2to section 33. The expansion transition starts at
section 33 and finishes at section-4. From section 4 onwards, the channel flows insit
normal crosssection and the conditions at this section are completely known. Let V and y with
appropriate subscripts refer to velocities and depths at different sections.
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The FSL at sectiond4= Bed level at section4d+ y; = (known)
TEL at section-4=FSL at section4l+—  (known)

Between section 3 and 4 4, there is an energy loss in the expansion, which is equal to 0.3

TEL at sectioB-3 = TEL at section4(known) + 0.3————

As the trough dimensions at sectior33are known, V is also known and hence,

TEL at section-3 can be computed. Knowing TEL aB;3SL at-3 can be calculated by

subtracting— from TEL. Sinaitly, bed level at-3 can also be computed by

subtractingys from FSL at-3.

Between sections-2 and 33, the channel flows in a trough of constant cregstion. The only
loss in the trough (Bl is the friction loss which can be computed with

Mannings formula, i.e.

Q=-08Y7 8Y7

Q=-08Y"8 —
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Adding this head los® to TEL of section-3, the TEL at section2is obtained. The FSL
at section2-2 can then be obtained by subtractirg from TEL of 2. Similarly, the bed level at

section 22 can be easily obtained by further subtractingrpm FSL at-2. Since the depth and
velocity are constant in the trough, the TEL, FSL and bed lieedl|garallel to each other from
section 22 to 33. Between section-1 and 22, there is a loss of energy due to contraction.

This loss is generally taken as equal to 62— .

Thus the TEL at sectionlI=TEL at section2+ 0.2 ——— known

Knowing TEL at sectioil, FSL at-1 can be obtained by subtractirgr from TEL at L.

Similarly, bed level at-1 can be obtained by subtracting fyom FSL at-1. The bed level, FSL

and TEL having been determined at all the four sectitmestotal energy line may be drawn by
assuming it to be a straight line between adjacent sections. The bed line may also be drawn
straight between adjacent sections, provided the rise or fall in bed is small. However, if the
change in bed level is consicble, the bed line in the transition section should be drawn as a
smooth reverse curve, tangential to the bed lines at ends.

Exampld. Designa suitable crossdrainage work, given the following data at the crossing of
a canal anddrainage.

Canal Drainage:

Full supply discharge 32 cumecs High flood discharge = 300 cumecs
Full supply levet R.L. 213.5 High flood level = 210.0 m

Canal bed levet R.L. 212.0 High flood depth = 2.5 m

Canal bed width= 20 m General ground level = 212.5 m.

Trapezoidalcanal section with I5H: 1V slopes.
Canal waterdepth = 1.5 m

Solution:Since the drainage is of large size, work of Type Il will be adopted. Also, because the
canal bed level (212.0) is much above the HFL of drainage (210.0), an aqueduct will be
constructed. To #ect economy, the canal shall be flumed.
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Step 1 Design of Drainage Waterway:

[ 0SeQa NBIAYS WOSMAMEGHBRBM t I ndTp
Let the clear span between piers be 9 m and the pier thickness be 1.5 m.
Using 8 bays of 9 m each, cleaaterway =8 w X @

Using 7 piers of 1.5 m each, length occupied by piers & p ®a

Total length of waterway = 72 + 10.5=82.5m

Step 2: Design of Canal Waterway:

Bed width of canal = 20.0 m

Let the width be flumed to 10.0 m

Providing a splay o2: 1 in contraction, the length of contraction transiton—=— ¢
p Bra

Providing a splay of 3: 1 in expansion, the length of expansion transitieh= o p @td

Length of the flumed rectangular portion of the canal between abutments =182.5

In transitions the side slopes of the canal section will be warped in plan from the original slope
of 1.5: 1 to vertical.

Step 3: Head loss and bed levels at different sections:
At section 44
Area of trapezoidal canal section=(B+ 1.5y)y

=(20+15 p® p® Cc® pP® oG un’

Velocity = Y= — 8 =0.947 m/sec

8
Velocity head =— — 5 0.046 m

R.L of bed at4 = 212.0 m (given)

R.L of water surface at4l=212.0+1.5=213.5m
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R.L of TEL at4t=213.5 + 0.046 213.546 m

1 ' ‘ o s

2
! 3
\ !
——————————— -1
CANAL i
__________ -
J .
. i 825m - 15m .
(1 r . : .
3 o ‘
l 213.718 t _— -- - ¥
I_"‘\J_ 213.681 :i 1'213.602 ) . '213.546 .
‘2_13.672————‘-—29 -—_:——_—2‘3.5
' ’ l 213.449 EsS.L | 213370

S R
‘' - = 212.0m
J 212.172 r211.949 1 211.870 4 (Given]

. 3 ’
h .

; L-Section

Figurel5. Plan and section of canal trough

At section 33

Keeping the same depth @f5 m throughout the channel, we have
Bed width =10 m

Area of channel =10 p® p um®

Velocity = Y= — —=2.13 m/sec
. 8
Velocity head =— 5 0.232 m

Assuming that the loss of head in expansion from secti8rt@44 is taken = 0.3————

= 0.3[0.232; 0.046] = 0.056 m
R.L of TEL at sectior83= R.L of TEL a#d4+ loss in expansion
=213.516 + 0.056 = 213.602 m
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R.L of water surface at3= R.L of TEL a{33; velocity head
=213.602; 0.232 = 213.370 m

R.L of bed at-3 = 213.37@¢ 1.5=211.87 m

At section 22

From section 2 to 3-3, the trough section is constant. Therefore, area gabbcity at 22 are
same as at-3, there is a friction loss betweenZand30 ¢ KA OK A& 3IABSY

8 8 8 8

8
H. 7 s 7 =0.079m

R.L of TEL at sectior22= R.L of TEL a33+ friction loss
=213.602 + 0.079 = 213.681 m

R.L of water surface at2= R.L of TEL af2Z; velocity head
=213.681¢ 0.232 = 213.449 m

R.L of bed at-2 = 213.44%, 1.5 =211.949 m

At section 11

Loss of head in contraction transition frordllto 22 = 0.2 ——

=0.2 =0.037m

R.L of TEL at sectionll= R.L of TEL a2+ Loss in contraction
=213.681 + 0.037 = 2738m

R.L of water surface 4t1 = R.L of TEL atZx velocity head
=213718¢ 0.046= 213672m

R.L of bed at-1=213672¢ 1.5 =212. 172m

Step 4: Design of Transitions:

(a) Contraction transition: Since the depth is kephstant, the transition canébdesigned on
the basisoh A 1 NI Qa YSUGK2R®
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For various &lues of x lying between 0 to 10, various values @ are worked out by using
the above equation as:

X inmetres 0 2 4 6 8 10
_9MIT 400 11.11 12.5 1429 | 1667 | 20.0
OCTTP T

The contraction transition can be plotted with these values.

(b) Expansion transition:

00 6 0 w
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For various values of x lying between 0 to 15 m, various valugsare worked out by using
the above equation as:

.

X in metres 0 2 4 6 8 10 12 14 15

0
OTTNT 10.0 | 10.71| 11.54 125 | 13.64| 15.0 | 16.67 | 18.75| 20.0
OTITIP T

Theexpansion transition can be plotted with these values.
Step 5: Design of Trough:

The trough shall be divided into two compartments of 5 m each and separated by an
intermediate wall of 0.3 m thickness. The inspection road shall be carried on the teft of |
compartment as shown in figure below.

i

F.S.L.213-5m . 0
e | E
- 0-4 i ~
HFL 2100 o "..‘x'-"-& Sl R
Drain
Figurel6

A freeboard of 0.6 m above the normal water depth of 1.5 m is sufficient, and hence the
bottom level of bridge slab over the left compartmerancbe kept at 1.5 + 0.6 = 2.1 above
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the bed level of trough. e entire trough section can be constructed in monolithic reinforced
concrete and can be designed by usual structural methods.

Example. Design a suitable crosdrainage work, given the following data at the crossing of
two streams of water

Irrigation channel Natural Drainage:

Full supply discharge 350cumecs Drainage bed level = 203.9 m

Full supply level = R.R02.5 High flood level 2205.2m

Canal bed level = R.197.8 Catchment area of drainage up to cross
Canal bed width 35m -ing = 14.3 sq. km

Side slopes 2.5 H: 1V
Full supplydepth =4.7m
The dickens formula may be used for computing H.F.Q. with its coefficient as 18.

Solution: The high flood discharge of the drainage at the point of crossing malythieed by
using Dickens formula:

Q=Cd 7' =18. p® ¥ =132 cumecs

Since the bed level of drainage (203.9) is much above the canal FSL (202.5), the canal water can
be taken below the drainage. Hence the CD work to be construatetie crossig will be a
superpassage. The design of the suypassage is to be done on the same lines as othat of an
aqueduct.

Step 1: Design of canal waterway:

Flow velocity in the canal= 3 R 1.99 m/sec.

This high velocity shows that the canal is already a lined canal, and much more lining cannot be
affected. Hence the original bed width of 35 m can be continued as canal barrels below the
drainage trough or slight fluming may be done. Let us adopt a cletarway of 30 m in two
spans, each of 15 m, with a central pier of width say 1.5 m, thus providing an overall linear
waterway of 31.5 m between abutments, and this will be the length of drainage troughs.

Z

Providing a splay of 2: 1 in contraction, the lengtltontraction transition = ¢ va
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Providing a splay of 3: 1 in expansion, the length of expansion transitigh= o X® &

Length of the flumed rectangular portion of the camall be equal to the width of the drainage
troughs = 5(Gb 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 inspection road, etc)
instead of a bridge deck slab.

Step 2: Design of drainageaterway:
[ OS&eQa NBIAYS WLIStgpumSaicuNaet ' nodTp

The total length of the waterway is generally chosen equal to P, although it can be slightly
reduced to affect economy, but too much contraction of the drainage poses problems, and
hence too nuch fluming is never done.

Let us provide 6 RCC compartments, each of clear width equal to 8 m, thus giving
Clear waterway =8 @ 1 Ui

Using 5 partition walls of 0.3 m thick each, length occupied by walls rd p® &

Therefore, total length of wateray provided =48 + 1.5 =49.5 m.

The two side walls of the RCC drainage trough may be kept 0.4 m thick each, with 49.5 m as
aggregate waterway between them. Thus,

End to end length of drainage trough = 49.5 + 0.80.5 m.
Thus, the length of the rectaular portion of the canal will also be equal to 50.5 m

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

_8z7 8

Assuming 2: 1 convergendbe length of contraction transition ¢ uva

Providing a splay of 3: 1 in expansion, the length of expansion transitief’== o
X8 &
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Figurel?. Inductive plan of super passage crossing

The wing walls will be constructed to reduce the drainage waterway width from 54.5 to 49.5 m
on u/s and return walls will be constructed to expand the drainage waterway from 49.5 to 54.5
m on d/s. These wings will be extended so as to enter the bermsealréin.

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

Step 3: Head loss and Bed levels of different sections along the length of drainage trough:

At section 44
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Figurel8. Plan and tsection of drainage trough carried over the canal

Areaof natural drainage section = width (= perimeterfiepth
=54.5 (205.2¢ 203.9) = 70.85 f

Velocity = Y=- — 1.86 m/sec, say 1.9 m/sec

Velocity head =— 0.16m

8

R.L of bed at4 =203.9m (given)
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